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ADVERTISEMENT.

The scientific publications of the United States National Museum consist of two

series, the Proceedings and the Bulletins.

The Proceedings, the first volume of which was issued in 1878, are intended pri-

marily as a medium for the pubhcation of original, and usually brief, papers based

on the collections of the National Museum, presenting newly-acquired facts in

zoology, geologj', and anthropologj', including descriptions of new forms of animals,

and revisions of hnuted groups. One or two volumes are issued annually and dis-

tributed to hbraries and scientific organizations. A limited number of copies of

each paper, in pamphlet form, is distributed to speciahsts and others interested in

the different subjects as soon as printed. The date of pubhcation is printed on

each paper, and these dates are also recorded in the table of contents of the volumes.

The Bulletins, the first of which was issued in 1875, consist of a series of separate

publications comprising chiefly monographs of large zoological groups and other

general systematic treatises (occasionally in several volumes), faunal works, reports

of expeditions, and catalogues of type-specimens, special collections, etc. The

majority of the volumes are octavos, but a quarto size has been adopted in a few

instances in which large plates were regarded as indispensable.

Since 1902 a series of octavo volumes containing papers relating to the botanical

collections of the Museum, and known as the Contributions from the National Her-

harium, has been published as bulletins.

The present work forms No. 82 of the Bulletin series.

Richard Rathbun,

Assistant Secretary Smithsonian Institution,

In charge of the United States National Museum.

Washington, D. C, April 21, 1915.
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A MONOGRAPH OF THE EXISTING CRINOIDS.

By Austin Hobart Clark,

Asnsiant Curalor, Division of Marine InvcrtebraUs, United SUiUs National Museum.

PREFACE.

HISTORY OF THE WORK, WITH AN ACCOUNT OF THE MATERIAL STUDIED.

Upon the return of the United States Fisheries steamer Albatross from her

cruise L 1906 through the Bering Sea and in Asiatic Russian and Japanese waters,

durin "vhid. I accompanied her as acting naturalist, the Comnnssioner of Fishenes

Hon George M. BowL, very kindly intrusted to me the work of identifying and

describing' the Crinoidea which had been collected.

The aim of the work as originally planned was the preparation of a memoir

deahn^ only with the specimens coUected on tliis cruise, but it was later suggest d

tl aa incSeTn my study the crinoids from the North Pacifie ^vdiich had previously

bten cXcted by the AllLss, and had been deposited in the Umted States National

^^""'m work proved to be far more of an undertaking than had been anticipated;

so Jat Jas th! number of new species and so radically did they alter the conception

of fhe relent re;resentatives of tlie Crinoidea as a whole that I was at last forced to

bpmn at the becrinning and to review criricaUy the whole sub]ect.

"^

The two gr^t monographs of Dr. Pldlip Herbert Carpenter were, of course the

foundation upon which I expected to build ; but, ^vdth the enormous mass of materia

at h nri soon discovered that the subject must be approached along somewhat

r/ ./ llnrfrom those by wliich it was approached by Carpenter, especially in

different hnes f^om those

^^ ^ j^^^^^,^^^ ,^d, with nothing but

Eec^t^bTo m ;
atlmptdTo elucidate the systematic problems presented

^tl aS free from preconceived ideas. The specimens were grouped mto species

Td the species nto tentative genera, and these genera again into tentative fannhes
and tiic spec ts mi

JJ j internal, wliich I myself detenmned; when my

a Umited cUstrict only has seldom proved long hved, and I was there ore extremuy

aiid^us to examine additional collections in order to test my conclusions and to

L'TtiSate furiher many problems comiected with geographic, bathymetnc, and
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thermal distribution, and with cecology, in which I had become interested lai^ely

througli my observations wlulo at sea.

Prof. Waher K. Fislier, of Stanford University, CaUfornia, had been working

upon the ccliinoderms collected by the Albatross among the Hawaiian Islands in 1902

;

with the greatest hberaUty ho olTcrcd me the crinoids of the collections for exami-

nation in connection with my other Pacific material.

To Dr. Hubert LjTiian Clark, of the Museum of Comparative Zoology at Cam-

briiige, Massachusetts, had been assigned a largo collection of crinoids from Japan

and eastern Asia brought together by the Albatross in 1900, and tliis he most courte-

ously olTered me to supplement the 1906 collections from the same locality.

The Japanese collections wliich I had seen up to tliis time had all been from

comparatively deep water, and certain species, long kno^vn as inliabitants of the

coasts of that countr}-, were conspicuously absent. Mr. Frank Springer, however,

reahzing the situation, most generously purchased and deposited in the United

States National Museum the entire collection made during years of investigation of

tlie marine fauna olf southern Japan by Mr. iVlanOwston, of Yokohama, in his yacht,

the Golden Rind.

Up to now my material had been almost entirely from the North Pacific, and

from deep water, although I had examined some of the more common littoral

species of AustraUa and Brazil. The absence of specimens from tliat great wonder-

land of marine zoology, the East Indian Archipelago, was keenly felt as a great

handicap. But Dr. Theodor Mortensen, of Copenhagen, Denmark, understanding

my prechcament, with the greatest generosity offered me the entire magnificent

collection under his chaise, a collection doubly interesting in having been previ-

ously examined both by Prof. C. F. Liitken and Dr. P. H. Carpenter. Most of the

specimens were from the eastern tropics, many of them having been collected by the

Danish consul at Singapore, Mr. Svend Gad; notwithstanding all the Japanese

material I had previously studied I found no less than six new species from that

country; altogether it formed an invaluable supplement to the Pacific material

already at hand.

Sliortly after I received the Copenhagen collections, Drs. "W. Weltner and R.

Hartmoycr, of Berlin, at the instigation of Dr. Th. Studer, of Berne, sent mo the

collection made by the German steamer Gazelle in northwestern Australia, hitherto

an unknown territory so far as regards its crinoid fauna. This collection had been

exaniined by Dr. P. II. Carpenter, and most of the specimens hatl been tentatively

identified, but he had been unable to complete a report u[)on it before his death.

Mr. Owen Bryant had been conducting th-edging operations along the coast of

Labrador and had collected some crinoids there, wliich he very kindly turned over

to me.

The great area occupied by the Indian Ocean had hitherto remained almost a

blank in so far as our knowledge of its crinoidal inhabitants was concerned; a few
specimens had been noted from the Mergui Archipelago, the Andamans, Ceylon, the

Red Sea and Mauritius, with one or two, usually more or less doubtful, additional

records. I was therefore dehglited when Dr. N. Annandale, of the Indian Museum,
at the instigation of Dr. F. A. Bather, of the British Museum, offered me for study
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the entire collection brought together by the Royal Indian Marine Surveying steamer

Investigator, as well as the other collections belonging to the Indian Museum, collec-

tions remarkable for their unusual completeness
wtl..«,him

The lar-e and extensive collections of West In(han crinoids made by the ships

of the United States Bureau of Fisheries and deposited in the United States Isational

Museum were now studied in connection with the East Indian matenal. leaving been

up to this time laid aside awaiting the pubhcation of the report upon the BUU

collection of 1878-79 by Dr. Clemens Hartlaub.

The Berhn Museum^through Drs. W. Weltner and R. Hartmeyer, now submitted

to me their entire crinoid coUection, an act of courtesy the importance of winch to

me^an onk be reahzed when it is remembered that tins collection contains the tyi^es

S vei^ r^fny of the species described by Prof. Johamies Miiller and by Dr. Clemen.

Hartkub ; and Doctor Mortensen sent me a magnificent collection of Arctic matena

mi'oubtedly the finest in existence, together ^vith the specimens winch he himself

had collected while in the West Indies.
-o,, • , • u^

At lis time the Austrahan Museum, through Dr. Robert Ethendge, ]r., its

. curator, sent me for study their entire collection of Austrahan crmouls, numbering

^nrizrrwJnl^ngaged in an exhaustive survey of the marine resource

of the PliiUppine Islands, and the crinoids wMch she obtamed were, as fast as they

accumulated, turned over to me by the Bureau of Fisheries.

Two sm^mers were spent at the Museum of Comparative Zoology at Cam-

brid<.e Massachusetts, working in the library and studying the fine collections of

SSsthie which are especially important in contaimng a number o speaes

tZVcMllenger dredgmgs, named by P. H. Carpenter. Ev-y ^rte^y wa

* ^.^ tn T11P and I was very materiallv assisted in my work by Mr. Alexander

Cst th d"r;c or of Zuniversity Museums, Mr. Samuel Henshaw, the Curator

rf thTkuseum of Comparative Zoology, and by Dr. Hubert Lyman Clark the

: sSintt whose care fs the collection of echmodenns.
l^^^^^^^^^^'^ZZ

having the constant companionship and friendly advice of Prof. Robert 1 racy

JacSn of Harvard College, who was at that time engaged m the preparation of

'^^
'^fZct^i^:.^^ :?^rtston society of Natural HisU.ry were fre-

The
*=«"^*^,;'°f

""";,.
,

;,i^iie,„e I am indebted to Dr. Glover MornU iVllen

^Tt\rl rie W jlns^^^ also visited the Peabody Museum at Yale

StS/p.ris Ly„„,rBerlio. Hamburg, Dr«,dc„. Prague, ^.e„„., Or... Mou.co,

''"
Ar'm,- 'rlTu.-,, .0 W.sbmg.ou the Copeulmgeu Museum most kindly se„. lo

me tteUrge .Tim,»r.au. Z.W collect,,; ,h. B.,li„ Museum, through P™-
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fessors Dodorlein and Vanholfcii, sent mo the anlaictic collections brought together

bv the Gauss; Prof. F. Dofloin, through Prof. Doderlein, sent me his east Asiatic

malorial, and, Ihrougli the courtesy of Professors Kcehler, Max Weber and Vaney,

the Siboga coiloction of unstalkod crinoids was also assigned to mo for study. More

recently, thanks to the kindness of Prof. Bernard H. Woodward and Mr. Wilfrid B.

Ah^xandor, of the Western Australian Museum and Art Galierj-, at Perth, I have

been enabled to examine the crinoids collected off tlie coast of southwestern

Australia by the Australian steamer Endeavour.

Thus in the preparation of this report I have met with the most cordial coop-

eration from all sides. Thanks to the great generosity of all my colleagues I have

been enabled to assemble in one place and to compare directly one with another

many thousands of specimens of recent crinoids, far more than ever were previously

reviewed by any one imlividual, including examples of practical!}' every kno\vn

species and a largo proportion of the existing types. This material has in many
cases been ample for the determination of such questions as the scope of individual

and of specific variation, and for the accurate delimitation of species, factors of

the greatest importance in the study of all animal groups, but impossible satisfac-

torily to determine except under the most favorable conditions.

While the present work is a complete monograph of the crinoids living at the

present day, based upon the material preserved in practically all of the more impor-

tant museums of the world, it is equally a catalogue of the crinoids of the United

States National Museum, for my colleagues have been so kind as to permit me to

retam dui)licates from the collections under their care which I have examined, so

that the collection of the United States National Museum now includes, in addition

to the ver}' rich material gathered by the vessels of the Bureau of Fisheries, particu-

larly by the Albatross and Fi^h Hawk, and received from other governmental
sources, a vor\- large number of specimens, representing nimierous species, received

as donations from other similar institutions.

GENERAL METHOD OF TREATMENT.

The general method of treatment heroin adopted differs in certain important
respects from that employed by my distinguished j)redecessor and by all the other

students of this group.

The study of the crinoids heretofore has invariably been approached from the
paloeontological \'iowpoint, the recent crinoids being considered as the impoverished
and decadent remnants of a once numerous and powerful class, the last forlorn and
pitiful exponents of a dwindling phylogonetic strain.

During the 190G cruise of the Albatross I handled tens of thousands, of speci-

mens; several times I saw the forward dock of the steamer literally buried under
several tons of individuals belonging to a species exceeding any fossil form in size;

ovcrj-whore wo went wo found crinoids; we dredged tliem at ail depths. My ideas
of the comparative imiiortanco of the recent forms underwent a total change;
surely a group so abundant, even though very local and very unevenly distributed
over the soa floor, can not bo considered as decadent or degenerate. From my
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Observations at sea I became convinced that the recent
^^^^f^'^^l'^'J^^J^tl

much of a factor in the present day marine biology, and play f^llff ^ ^"^^^^^^^

part, as the echinoids, the holothurians, or the astcroxds; CBCoIogicaUy ^W are^J
e

interesting than any of these because of then- sessde mode of 'Me and curiously

ntlfe.ret:ftt^ariXce hitherto attached to the crinoids as recent

ammals in comparison with the other echhioderms has ansen from three causes

trTle extraordinary completeness of the pal^ontological record; this has is

iri2 in the Let that the crinoids exceed almost aU other animals in their adapt.

Sv to fos mzatL- their organization includes a very large percentage of lime

angler not^n^^^^^^ -id there are no soft bodied foi-ms among them. I

L to be expected, then, that fossil crinoids vvill be exceedingly nmnerous, and ^vdl

Llude a far greater variety of diverse types than the fossd representatives of he

ir echinodSm groups, and therefore will appear greatly to have exceeded in the

na rirnumberr ^ari^t;, and general importance the echinoids, asteroids ophiu-

Ss or hdothurians. whUe at the same time this splendid palseontological record

wil te^d toS o^^ to the true importance of the recent representatives and

llv so verfmuch fe^^^^^ because of the much less general mterest which

Zv'tverc tJd were t^^^ as enthusiastically studied as the echmoids

can not expect that a >»™B "^ *. .

, t, „„„ „,„„ or less rare or local

'"'
^'"t ta Er;," o7;:rear.lUvSrare

accessible to him as in America,

.ere 'I-' ^''--' ^^^P-'j
tTen* do b Lat 1 L,vledge of the crinoids

tuTdte toi^ ad™* of what™ is to-day; the senriprofe^ional .oalogist as a

would ''«'"™"T'°
,,„,,, ^„i,j,. animals in which he has become mtorested al

rule pursues f '°"'f",'""
't^^. >

,„„„, ,.„„». animals of classes strange to hml,

home through the study of^sownloca^
,^ ^^^^^^^^^ ^^ ^^^_

"Tv" i'he hafat,lrS marine .ollogy, gathers up corals, .hells, nrchms

: t'arfls toi he°:.itl the more tenacious ophiuroid,, not attemptmg to save

rmorebritt|speci.ofthe.^^^^^^

Fn-mly behevmg, there ore,

^J^^^''/?^
.

^ asteroids, ophiuroids or holothu-

r,td'i:"5i:f''strL;v:::m';!re7'^^^^
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it julvisiible to approach them in a somewhat different way from that which has

usually been adopted, in order the more strongly to bring out many pomts which

are ob\nous enough if the crinoids are considered as recent annuals, but which are

greatly obscured if one attempts to consider both the recent and the fossil forms

together.

This somewhat radical treatment emphasizes some vcrj' mterestmg facts m a

way not possible by any other method, and sheds an entirely new light upon many

complex problems. Moreover, the results are strictly comparable with the results

deduced fnun the data gathered from a study of other recent groups; a line of

investigation may be followed up %vith the ccrtamty that one is not liable to mistake a

very liighly specialized for a very primitive structure or type. Comparative

anatomy may be employed as an aid in systematic work, so that conclusions do not

have to be based upon the skeletal sj-stem alone; and, most of important of aU, the

crinoids in their relations to the other echinoderms and to other marine organisms

stand forth in their true hght, quite devoid of the false prestige which has liitherto

been theirs as a natural result of their magnificent palffiontological record, a record

which is not surpassed by that of any other marine organisms, and is approached

only by one or two restricted groups.

The strongest argument which can be made against this method of treatment

is that questions of phylogeny are entirely divorced from any possible solution by

the study of chronogenesis, but it seems to me that a phylogeny grafted upon a

chronogeny. is a very unsatisfactory structure unless one is certain that the chrono-

genesis represents, as of course it should, the true phylogenetic development.

When any group of a class of animals adopts a mode of Ufa entirely different

from that of all of the other members of the same class we must be prepared to

encounter and to discount extraordinary, sudden, and unexpected changes in the

organization which are not connected \vith the ancestral type of organization by anj"

intermediate stages. Among such animals we almost always find the group char-

acters developed in a most eiTatic manner. Some structures will be very highly

specialized, sometime spcciaHzcd far beyond what is seen in any other member of

the class, while others will be in a very rudimentary or primitive state of develop-

ment, or perhaps even absent altogether.

The echinoderms differ verj' abruptly from the crustacean line of descent from

which they took their origin, and similarly each of the echinoderm groups differs

abruptly from each of the others.

We see in the echinoderms to-day most perplexing combinations of primitive

and highly speciahzed characters associated in all sorts of ways, and this leads

naturally to the assumption that there was no definite intergradmg form between

the echinoderms and the barnacles, which, of all the Crustacea, approach them most
closely, but that the former sprang from the phylogenetic fine, wliich maj- by easy

stages be traced to the latter, by a broad saltation in which the assumption of the

free habit (subsequently modified in the Pelmatozoa) and the correlated assumption

of pcntamerous symmetry combined to make the existence of intei"grading forms

impossible, while at the same time it resulted in the formation at the very moment
of their origin of two diverse stocks, the heteroradiate (including the Pelmatozoa,



MONOGRAPH OF THE EXISTING CEINOIDS. 7

the Echiaoidea, and the Holothuroidea) and the astroradiatc (including the

Asteroidea and the Ophiuroidea) between which there are, and can be, no interme-

diates.

Thus it is evident that we must use the very greatest care in the correlation of

the chronogeny and the phylogeny of the echinoderms, and we must be continually

on the watch for sudden and aberrant deviations and specializations in the older as

well as in the more recent types. A detailed study of the hving types will furnish

the key to many such deviations, and this subsequently will enable us correctly to

interpret the comphcated morphology of the extinct species.

As nearly as I can see there is comparatively httle of value to be learned in the

first instance from the palseontological record of the echinoderms, at least in so far

as their comparative morphology and phylogeny is concerned, which can not be

learned just as well, or even better, from a study of the recent forms alone, though

the fossils furnish invaluable confirmatory evidence of the truth of any conclusions

which we may reach.

If we acquire our facts from a study of the comparative anatomy, morphology

and development of the recent types and then test them by reference to the extinct

series, it seems to me that we can build up eventually a logical phylogenetic sequence

of types of progressively increasing speciahzation and perfection which will be able

to withstand all the attacks which may be made upon it.

Of the many and varied recent forms there is abundant material, and this

material is always susceptible of detailed study. Furthermore, all of the recent

types are interconnected by readily demonstrable phylogenetic lines with all the

others.

On the other hand, among the fossils reaUj' good and satisfactor}^ specimens are

rare, and there are many interesting forms which we are not able, on palseontological

evidence alone, to connect in a truly satisfactory manner with related types.

In treating of the interrelationships of the various echinoderm groups it -will

be noticed that I have not taken the larvte into consideration. The larvse of the

echinoderms are very highly specialized creatures, specialized for a mode of life

enthely different from that of the adults, and hence specialized in an entirely different

way. To aU intents and purposes they are organisms of a different class entirely.

Moreover, they are not all specialized in the same direction, and hence are not

strictly comparable among themselves. Mechanical considerations of form make

comparison between the barrel-shaped larva of Aniedon, the bipinnaria of Asterias,

the auricularia of Holothuria, and the plutei of OpJiiura or of Echinus hazardous

and unsatisfactory.

A true comparison between the species of the several echinoderm groups is only

possible upon the attainment of the adult form, or at the earliest at the inception

of the pentamerous symmetry. However suggestive and instructive the larvse may

be, they must be treated quite separately from the adults, as a distinct class of ani-

mals, or trouble is sure to result.

In this respect I consider the echinoderms as a whole precisely comparable to

those msects and crustaceans which undergo a complete metamorphosis, though in
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the echinoderms tlie case is much more complicated tluvn \n the insects and crusta-

ceans on account of tiie difTerence in symmetry between the young and the adults.

Sir W\"^-ille Thomson long ago recognized this fact, that in tracing out the life

history of the cciiinoderms we are apparently dealmg with two distinct organisms,

each apparently i)resenting all the essentials of a perfect animal, as had W. B.

Carpenter before him, but succeeding authors have shown a tendency to disregard

their warnings.

On account of the curiously aberrant and sudden differentiation of the echino-

derms as a whole, and similarly of each of the constituent classes of the group, we

can never hope to ascertain the true interrelationships either of the echinoderms and

other animals, or of the several constituent classes of the echinoderms, by any direct

method of comparison.

The ancestral characters have become so modified by the adoption of radial

symmetry, and the bilateral young have become so specialized, that any direct com-

parison which is at all conclusive has now become impossible.

We must therefore approach the problem by an indirect method, by the adop-

tion of In-potheses which will logicall}- explam all the facts presented and will cover

all tiie data which we are able to accumulate, but which are not primarily the direct

and indisputable resultants attained by the correlation of these facts and data.

SYNONYinr.

The synonymy of the recent crinoids was in a decidedly tangled condition,

having been only partially elucidated by Carpenter, as he did not discuss in detail

any but the species collected by the Challenger. I therefore found it necessary to

enter into this phase of the subject somewhat deeply, especially in view of the fact

that the group contained a disproportionately large number of floating names

—

nomina nuda and unidentifiable supposed species—which it was very desirable to

allocate if possible. I have attempted to bring together all the references to each

species that I could find, in the hope that future workers will be spared the formid-

able task of having again to review the enormous mass of literature. The s3Tiony-

mies given are, I believe, reasonably complete, though numerous notices of species

not here included will doubtless come to light in the future. The citations have,

witli very few exceptions, been personally verified, and may be taken as representing

the works consulted in tlie preparation of this monograph.

SYSTEMATIC TREATMENT.

In the case of the comatulids it has been found necessary to multiply by about
a dozen times the number of genera previously allowed, and to create numerous
new families and higher groups. This was tlie unavoidable result of the discovery

of a vast number of new species, throwing a radically different light upon the inter-

relationships of the various forms.

The different species of comatulids vary very greatly in the number and obvious-

ness of the characters by which they are separable from closeh* related species; two
species, perfectlv distinct, may be separable only by a small minority of what are
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commonly considered their specific characters, while two others may have only a

small minority in common; and, as in other animals, characters perfectly reliable

in one group are more or less unreliable, or even perfectly worthless, in another.

Species may be found of all grades of differentiation, from a very small minority of

their characters to complete separation, but usually they fall into two classes: (1)

those separable from related species by a minority of their characters, the remainder

being held in common, and (2) those separable in all their characters. The first

division is in reality, of course, arbitrary, for it is undoubtedly true that any two

species will be found to be always separable in all their characters, provided we

devote a sufficient amount of study to them; it might better be worded "those

separable fi-om related species by a majority of the characters commonly employed

in specific diagnosis."

It is usually found that a number of species differentiated according to the first

rule form a circumscribed unit the sum of the diversity of all the characters in which

does not overlap the sum of the diversity of all the characters in any other sunilar unit,

the assemblage of forms differentiated under the first rule thus coming as a whole under

the second rule. These sharply circumscribed units, as well as species falling withm

the limits of the second rule, I have considered as representing valid genera, while

forms not separated from related forms by the sum of all then- characters I have

regarded as species. All species agreeing in the majority of then- characters as

employed in systematic diagnoses I have considered as congeneric.

Now a number of species may, according to this ruling, be strictly congeneric,

yet they may be united into several groups by a sharply defined single character

which is common to, and exactly similar in, several species, and is not found outside

of those species. These groups witliin the genus I have considered worthy of sub-

generic rank. Smiilarly, subgenera may be differentiated into distinct specific

groups, though usually this differentiation is, as would be expected, less apparent.

In the separation of the families and of the subfamilies as well as of the higher units

the same idea has been followed, but characters of a more fundamental nature, and

therefore not sufficiently plastic to be of service in the differentiation of genera and

species, have been employed.

As in all other groups of annuals the various crmoid species are of very differ-

ent relative value. In some (mostly the more highly multibrachiate oligophreate)

genera if any one character whereby the species are commonly differentiated be

plotted on a species curve, the several species will be found to be indicated not by

a series of separate triangles, but by a succession of more or less marked nodes which

are united to the mass forming the adjacent nodes by coalesced bases in thickness

equal to from 10 to 60 per cent or more of the maxunum height of the neighbormg

nodes. Such variability and lack of absolute fixity in any one character is as a

rule reflected in all the characters, and thus there results a species grouji or genus

which may be compared to a small mountain system rising out of a plam, each

peak of which represents the separate species.

In such a genus every systematic character varies between two extremes,

but there is often no correlation whatever between the different characters. Thus

79140°—Bull. 82—15 2
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evorj' sort, of combinatiou is possible, ami a vcrj' large variety is found, though the

tendency is for tlie characters to form more or less definitely correlated groupings,

and to crj'staUizc into certain tlofinito types.

In other genera (raaiiily raacrophreate) all the characters are more definitely

correlated with each other, and then the nodes on the species curve will be found

to be ver\^ shar]) and almost or entkely distinct from each other, the various species

indicated e.\lubithig little or no tendency toward intergradation.

This typo of variability is not cormected with the geographical origin of the

specimens except hi a very' general way, and tlierefore the several forms can not be

considered as subspecies as that term is commonly understood. It is practically

confined to the multibracliiate Oligophreata, and to specimens of oligophrcate

species from the East Indian region. These same species when extending their

range outside of this region gradually become more fixed and definite in their

characters, so that individuals from, for example, Madagascar or southern Japan

will all be fouml to be practical^ uniform in their various features, and to represent

the mean of the two extremes seen in a scries from the central East Indian region.

The recent representatives of a few families appear to have suddenly deviated

from any ty])e which we might reconstruct as the ])hylogenetic stock whence they

had been derived by a process of "explosion" of their characters which have become
recombined in a curiously unbalanced manner, exactly as we see to be the case in

several fossil groups. A tendency to form an exi)losive or very aberrant offshoot

is more or less evident hi every group of animals, but it rarely affects more than a

small minority of the genera or of the species.

An earnest effort has been made to avoid the common error of takmg into

account only ob\'ious dilTerential characters, thereby becoming blmded to the less

obvious, but often more reliable, systematic features, by carefully examming every

<letail of the animal and every pomt offered by its structure apart from all the

othei-s, though hi many cases, so far as reganls comi)arative descriptive work,

no use has subsequently been found for the data acquired.

Great care has been used in the selection of new generic names, and especially

hi the selection of the types of new genera; the types arc, whenever possible, the

first species to have been described, and the commonest species; but in cases where
the original description is deficient or the identification doubtful I have taken one
of the later species, where circumstances permitted one considered as a synonym of

the first. Preference has always been given to species at hand to guard against the

possibility of nomenclatorial disturbance through misconception of species not
personally known to me.

EMBRYOLOGY, DEVELOPMENT AND ANATOMY.

The systematic study of the comatuhds is, no less than that of other grou])s,

based largely upon a knowledge of the development and of the external and uiternal

anatomy; the comatuUds, through uniformity of habit, are all built upon the same
general plan, and hence the knowledge of their development and anatomy must
be comparatively exhaustive m order that the systematic differentiation, at first

sight apparently very slight, may properly be appreciated, when it becomes obvious
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that the differences, triflmg though they may seem, are really fundamental and

valid.
.

Students of bilaterally symmetrical animals, especially those ammals endowed

with powers of locomotion, are accustomed to a relatively large coefficient of specific

differentiation; this is true even among other groups of cchinoderms in which the

individuals lead a more or less bilaterally active life. Also among radially sym-

metrical anunals which move actively about specific differentiation is usually more

marked than among those of sedentary habits.

The dilliculty of at first comprehending the comatulid characters is a difficulty

of comparative perception, not of fact, and is entirely duo to a superficial similarity

in the gross anatomy and form.

One can never tell without a most detailed mquuy what are good systematic

characters and what are not; the most obscure anatomical features often prove to

be of the greatest mterest, while in the embryology even such points as the unequal

division of the ovum, as well as the absence m certam cases of the anterior tuft of

ciha, and the difference in size of the cells at the ammal and vegetative poles of the

blastosphere, appear to be of specific significance.

It is very important that systematists should consider all these pomts of

apparent difference, especially those which loom up large in the embryo but which

disappear more or less in the adults; it is also important that embryologists and

anatomists, aroused to a high pitch of enthusiasm over the discovery of certain

pecuUarities in then- material not previously noticed, should not be led either into

condemning the work of theh predecessors as careless, or mto arguing, from a wide

anatomical difference between two forms, a correspondingly wide systematic

difference. -, ,

It is a common fault in works of nionograpliic scope to magmfy the systematic

side of the subject to the great detriment of the morphological; but a thorough

understanding of the anatomy and development of the animals of any group is

absolutely essential before the systematic aspect can be mtelUgently studied.

Diverse interpretations of different structures or organs by several authors have

often led to corresponcUng variations in their systematic treatment, variations

which have been difficult to appreciate in their true proportions, because of neglect

to explain in advance the position taken.

As a general rule svstematists are inclined to attach altogether too httle impor-

tance to anatomical or embryological features, and morphologists altogether too

much For instance, P. H. Carpenter, as a systematist, passed Hghtly over the

pecuharities of the bracliial muscles in different forms, while as a morphologist he

greatly exaggerated the importance of interradials in the genus Thaumatocnnus.

I haveljeen able to add but Httle to what has been done by previous workers m
the field of development and anatomy; but it is essential that these bo explained

in some detail before the systematic treatment can be commenced. Instead of

giving an account of these phases of the subject taken from a comparative study of

the works of othc<rs, I have preferred to quote more or less directly from the leading

authors on the various pomts considered, givmg full credit to them, and thus mak-

ing a far more satisfactory whole. No attempt is herein made to give an exhaustive
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account of the anatomy and cml>ryology of the crinoids, but it is hoped that those

points are treated in sufficient detail so that their systematic significance may be

appreciated.

The account of the embryology and of the anatomy of the various forms is

taken from the latest and most authoritative works, and will be found to be sufficient

for the systematic side of tlie subject; but it must be emphasized tliat tlie extracts

given are not intended to be, and are not, sufficient to serve as a basis for anatomical

or em bry©logical work, and for such work the original papers, whicii contain much
more than the extracts included here, must be used, as especial care has been taken

in order that the information herein given shall not detract in any way from the

demand for the original papers by providing an easily accessible transcript of the

subject matter or of the figures.

Methods of microscojjical teclmique are obviously out of place in a systematic

work devoted to animals of comparatively large size, and, therefore, are in aU cases

omitted; they are, however, given in great detail by the authors cited.

Accounts of obscure anatomical or liistological points, or thscussions witii no

systematic bearing, are omitted; this includes the discussion of doubtful structures;

information in regard to these may be found in abundance in the original papers.

The information here given is, it may be again stated, included for systematic work,

and from a systematic point of view, only.

A large amount of exceedingly interesting work has been done on the larval

and anatomical homologies of the various echinoderm groups, resulting in a con-

siderable diversity of opinion in regard to their interrelationships, and in much
speculation as to their common origin and to the original ecliinodermal prototype.

AYliUo it is tUfficult to avoid discussing these matters afresh, it has seemed best to

omit reference to them in a work devoted solely to the crinoids, and to only a lim-

ited group of the species of that class. The only question that can be of any impor-

tance is that of the relationsliip between the crinoids and the most closely aUied

classes, and tliis will be considered at some length.

VARIANTS AND .4BERRANTS.

It has long been recognized that a careful study of variants and aberrants often

furnishes most instructive data upon wliich to base a consideration of the origin and
phylogenctic significance of the diflFeront organs and members, and of an animal as a

whole. In no group is the study of these variants more important than in the ecliino-

derms, and in few groups do they occur with such frequenc}'^ and along such well-

marked hncs of progression and retrogression as in the crinoids.

PHILOSOPHICAL CONCLUSIONS.

Many general zoological truths are brought out by a study of the crinoids more
forcibly than by a study of any other animals, and many others appear in the group
in a somewhat new aspect, wliich sheds a certain very instructive new light upon
them.

For instance, in certain genera most of the species will occupy defuiite and
closely circumscribed areas or depths, each different from that inhabited by any of the
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Others, the interrelationslups being in general accordance with Jordan's law; but

one species, always the most variable and the one occupying the position nearest the

center or generaf mean of the extremes of all the variable specific characters repre-

sented in the genus, will be found whose range, both geographical and bathymetrical,

is equal to the sum of the ranges of all the other species in the genus.

Agam, higlily speciahzed species commonly occupy a specialized and circum-

scribed habitat, wlaile generahzed species are found among very diverse conditions.

Among the several species in a genus the one occupying the hmits of the distn-

bution of tbe genus as a whole is as a rule the most variable in its characters, and

similarly in inchvidual species the coefficient of variation among the individuals

mcreases in proportion to the cUstance from the center of distribution, primarily as

a result of existence under progressively increasing unfavorable or semipathological

conditions. . i,- i

There is a more or less apparent curious and significant exception to this rule,

however, for the center of distribution of a large group—and the truth of the obser-

vation is, as a rule, greatly mcreased in proportion to the size and importance of

the group—is marked by a most remarkable diversity in the individual, specific,

and generic characters of the organisms inhabitmg the locality. This is the result

of an increase in the number of variants under opthnum conditions—a khid of

mcipient species formation—and has no relation to the more or less pathological

type of variation seen along the outer edge of the habitat of a species or of a genus.

Association of species of a smgle genus or of related genera in pans, each occu-

pying neariy or quite the same geographical and bathymetrical ranges, has fre-

quently been reported, cases occurrmg in most of the animal groups, and mstances

of it appear among the crinoids. Some of these cases are at once explamcd by the

difference m the breedmg seasons of the associated forms which effectuahy prevents

any hybridization; but others are not quite so shnple, although they may be

accounted for in various other ways.

Not only are the crinoids plant-like in appearance and in the manner of their

existence, but some of them have, along with this curious superficial similarity,

acquired a more or less close correspondence m the comparative interrelationships

of their various systematic characters, just as have many of the arborescent marine

organisms. .„ , i j- .1

The decTee of stability of the generic and specific characters and of the corre-

lation of the^characters presented by the several sets of structures and organs among

the comatulids is, broadly speakhig, inversely proportionate to the fixity of habit

of the adults, and therefore in general to the number of arms possessed by the adults.

In such groups as the Antedonma?, where the anhnals are more or less active and are

capable of swimmmg about, the generic and specific characters and the character

correlations are, as a rule, strongly marked and readily defined. Such specific or

aeneric mtergradation as occurs (and specific and generic mtergradation is by no

means uncommon) takes the form of a gradual and uniform change m aU the char-

acters whereby exactly the same balance of correlation is at dl tunes mamtained;

but in the highly multibrachiate gi'oups m which the musculature in the proxnnal

portion of the arm is greatly reduced, especially in those groups which are highly
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specialized and possess division series of 4(3+4) instead of the more primitive 2,

character correlations are unstable and uncertain and are liable to sudden and ex-

traordinary de\'iations from the normal, resulting ui all sorts of grotesque mixtures,

not onlv within a family or genus but even \vithin a group of specimens of the same

species from the same locality.

Thus, among the highly multibrachiate comasterids individual specimens of a

single species may exhibit, more or less well developed, the essential features of

entirely different genera from the one to which they really belong. For instance,

examples of Capilhstcr multiradiata are not uncommon with nearly or quite half

of their arms of the type characteristic of the species of ComateUa, wliile examples

of Comanthus hennetti are recorded which possess the arm structure of the species

of Comanthina and others which possess that of the species of Comantheria; con-

versely, specimens of Comanthina schlegelii not infrequently exhibit the arm

structure characteristic of Comanthus hennetti.

This shows the necessity for the utmost caution in determining the genus or

species of specimens of the highly multibrachiate forms (especially when some or

all of the division series are 4[3 +4]), and of specimens of lO-armed forms belonging

to highly multibrachiate groups. Each individual must be critically examined

not only in respect to the essential features of the group as commonly understood,

but also in regard to all of the minor features, for it is sometimes found that the

character upon which most stress is ordinarily (and properly) laid is in part or

even in its entirety replaced by the character normally diagnostic of an entirely

different species or even genus.

The recurrence of nearly or quite identical types of arms, centrodorsals, cirri,

pinnules, disks, and other organs in widely different groups raises the question

whether such recurrence is really the sporadic reappearance of fixed and definite

structural ty])es or whether it may not be merely the result of jmrallelism.

Now parallelism is the convergence toward a common ty])e of fundamentally
different structures or organs. This convergence progresses far enough to satisfy

the requirements of the impelling physical, chemical, mechanical, or economic
factors, but no further; hence, though two radically different structures or organs

may through parallelism be rendered superficially very similar, the modification

is never carried far enough entirely to conceal their ultimate diverse origins.

In the comatulids identical types of organs and identical structural types,

which, as in the case of the method of arm division, are sometimes quite complex,
rea])pear in widely different groups, in each of which they pass through the same
developmental history, but in each of which they are associated with other organs
and structures of phylogenetically and developmentally entirely and fundamentally
different values which are combined in each case in a radically different way. Such
could scarcely be the case were we dealing with structural modifications resulting

purely from mechanical, economic, or other exigencies, for we can scarcely imagine
parallelisms cither to be so erratic in their manifestations and to be in one structure
or organ so entirely dissociated from correlated effects upon other structures or

organs, or to show, no matter where they appear, the same course of development.
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The general absence of correlation between the several sets of organs and struc-

tures which collectively make up the comatulid whole most emphatically negatives

the idea that the occurrence of the same structural type in widely different groups
is the result of parallelism, and indicates that among the comatuMds as a class

there is a given number of more or less distinct and independent types of each organ
and structure, any one of which may be combmed with any one of the types of the

other organs and structures.

RELATIVE STATUS OP THE RECENT CRINOIDS.

Since the crinoids are the most nearly strictly sessile of all the animals in the

sea, and since their relation to their food supply is always essentially the same
no matter what diversity there may be in the chemical and physical nature of their

surroundings, the facts furnished by a study of the geographical and bathymetrical

distribution of the recent crinoids are of the greatest value in the detei mination of

former land connections, just as the facts brought out by a study of the fossil repre-

sentatives of the recent genera and species are of the greatest importance in tracing

out the extent and time of existence of the ancient seas.

The remarkable paleeontological record of the crinoids, and the abundance of

fossil forms closely related to existing genera and species, will allow of an accurate

estimate in regard to the geological time when these land connections were estab-

Hshed, and when they became disrupted.

A comparative study of the recent faunas and those of past ages will show at

what epoch certain land areas and certain deep channels were formed, as a result of

which genera of subsequent origin were unable to spread into territory previously

colonized by older forms; while at the same time it will tlirow much hght on the

geological age of the components of the deep sea fauna, showing that it is a complex
formed of representatives of all the most virile types which have existed in all of the

past horizons.

By a careful study of the chemical and jjhysical conditions under which the

recent forms Uve, a deternunation of their relation to temperature, salinity, Ught,

currents, etc., we shall be able to learn much which will be of the greatest value in

ascertaining the exact conditions under which many ancient strata were laid down.
I have reserved the discussion of all these interesting points, as well as of the

distribution, oecology, geological history, and the relationships of the recent crinoids

to their fossil representatives (including the facts brought out by a comparative

study of recent and fossil species belonging to the same genera)—in other words,

the bearing of our Ivnowledge of recent crinoids upon the data gathered from a

study of palaeontology—until the end of this work, not only because the general

conclusions find their most logical place after the consideration of all the special

features and the complete presentation of all the data, but also for the reason that,

as the treatment herein adopted is such a radical departure from any ti-eatment

heretofore proposed, and the number of new species is so very large, no general

discussion would be of value until after the systematic framework upon which it

is of necessity based has been thoroughly elucidated and made easy of comprehension.
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In the following pages theie will be found much speculation in regard to the

hy]iothetical ancestor of the crinoids and of the ecliinoderms, based upon a study

of each of the various systems which, when taken together, make up the crinoid

or ediinoderm whole, and a figure of the hypothetical ancestor will be found

embodying all the data acquired from this study. It is well, perhaps, to emphasize

the fact that no claim is made that such a creature ever existed; we see in all the

echinoilcrms to-day most i)crplexing combinations of primitive and liighly special-

ized characters, associated in all sorts of dilTerent ways, and this loads us naturally,

as I have already stated, to the assumption that there was no definite irtergrade

between the echinoilcrms and the barnacles, but that the former sprang from the

latter (or, more strictly speaking, from the same phylogenetic line which can be

traced bj' easy stages to the latter) by a broad saltation in which the assumption

of the free habit and the correlated assumption of the pentaradiate symmetry

combined to render the existence of intermediate tj^pes impossible, while at the

same time it caused the formation by the ecliinoderms, at the very moment of their

origin, of two wi<lely diverse stocks, the hcteroradiatc, includuig the Pehnatozoa,

the Echinoidea,and the Ilolothuroidea, and the astroradiate, including the Asteroidea

and the Ophiuroidea, between which there are, and can be, no intergrades.

The coniatulids must therefore be considered as a biologically extremely com-

plex and mixed group in which each organ and structure occurs in a single series

all the way from a jirimitive to a highly specialized type, but in which the various

degi-ees of specialization of each organ or structure, in other words, the progressive

steps in the series, as not in any way correlated with species or with genera, or with

the comparable degrees of specialization of any other organ or structure.

Thus it is at once evident that there is a most extraordinary uniformity

tliroughout all the comatulid families and genera, and that each is potentially on

essentially the same phylogenetic plane as are all of the others.

The comatulids as a group are exactly parallel and comparable to the penta-

crinites as a group; they are descended from the same ancestral stock and represent

exactly the same phylogenetic stage, but durmg their development they have

diverged from their )>hylogenetic mean m exactly the opposite direction. The
pentacrinites have departed \vidcly from their ])rotot_v]5es by enormously increasing

the length of the column and at the same time indefinitely reduplicating the cirrifer-

ous proximale, a dei>arture which has to a considerable degree lessened the mobility

of the crown, this bemg in part compensated by a corresp(mdhig mcrease m the length

of the arms; while the comatulids have departed just as widely by compressmg
what is virtually the entire column of the pentacrinites within the comi)ass of the

single ])roximale or nodal from which numerous cirri are extruded, fixation by these

cirri reducing the possibility of motion bj^ the crown to a minimum so that under
ordinary conditions the animals are almost as firndy attached as is IIolopus.

As the greater part of the enormously elongated stem of the pentacrinites lies

on the sea floor and therefore becomes neutral in its relation to the mechanics of the

animals, these forms do not exhibit any very radical departure from a more gener-

alized tjqie, such difl'erences as they show being chiefly the result of the very large

size of the cro\ni and arms correlated with a reduction in size of the calyx ; nor do
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they exhibit any strong tendency toward dissociation of ordinarily correlated char-

acters; but the sudden and much more abrupt departure from the normal cruioid

habit seen ui the comatulids has been accompanied by, or the entirely new conditions

under which they live and the consequent extraordinary atrophy of their calyx have
induced, the development of all sorts of structural variants and excesses which have
not yet had time or, because of the passive part the animals play ui their relations

to other animals, have not yet been forced, to crystallize into definite types with a

definite scheme of correlation.

The morphological diiTcrence between the pentacrinites and the comatuUds is

merely that the weakerung of the syzygial union between the first nodal formed

and the infranodal just below it in the comatulids leads to its rupture before any

additional segments are formed, while in the pentacrinites rupture does not occur

until many other columnars have been intercalated between this nodal and the

calyx. The pentacrinites thus continue to build a long, many-jointed stem, while

the comatulids condense the entire stem withm the compass of the fu-st-formed

nodal. The morphological difference between the comatulids and the pentaciinites

reduced to its lowest terms therefore is merely a slight difference in the develop-

ment of the tendency to rupture at the syzygy between the first-formed nodal and

the columnar just beneath it.

The comatulids and the pentacrinites occupy a curiously anomalous system-

atic position, for both groups are far removed from the direct line representing the

progressive phylogenetical development of the class. But both, though widely

divergent, agree in differing from all other related types through discarding the proxi-

mal portion of the column and in the development of a highly cirriferous proximale,

which in the pentacrmites is indefinitely reduplicated.

The genus ThioUiericrlmts occupies a position midway between them; species

of this genus develop a cirriferous proxunale, but retain the larval column; the

relation of ThioUiericrinus to the pentacrinites and to the comatulids may roughly

be graphically expressed by the foUowmg formula:

pentacrinites + comatuhds mr-n- •c = ThioUiencnnus.

ThioUiericrinus, however, is in the direct Ime rcpresentmg the progressive

phylogenetical development of the class, and approximates very closely, if it does

not actually represent, the type from which, by sudden diametrically opposite

deviation, both the pentacrinites and the comatulids have been derived.

Systematically the pentacrinites, TTiioUiencrinus and the comatulids repre-

sent a small group of which ThioUiericrinus is the true phylogenetical exponent, the

other two types being aberrant departures from this stock.

TJiioUericrinus is fossU only. In the recent seas the comatuhds far outmmiber

all of the other crinoids taken together, at the same time extendmg through a much

wider geographical, bathymetrical and thermal range, while by far the largest of

the remaining groups is that of the pentacrinites.

These two highly aberrant types therefore dominate the recent seas, and so

pronounced is their dominance that when compared with them all the other types

become relativelv insignificant.
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The fomatulids alone in their numbers, m the diversity of their habitat, and

in the complexity of their systematic interrelationships are in the jjresent seas

(he strict sj'stematic equivalent of each of the other classes of echinoderms. Of

themselves thej' form what is unmistakably a class, with all the distinctive systematic

features of a true class.

Thus the comatulids, in reality only an insignificant and aberrant offshoot from

the general phylogcnetic crinoidiil line, represent m their relationsliips to the other

organisms of the seas of the present day a true class, exhibiting the curious anomaly

of a grouj) which, considered from one pomt of view is a tmo class, but considered

from another i)oint of view does not even rise to the dignity of a subfamily.

ILLUSTRATIONS.

A verj' considerable amount of time and thought has been expended in attempts-

ing to solve the problem of how best to illustrate the various species of comatulids.

These animals differ but slightlj' in their general build, though very greatly in the

finer details of their structure.

In the CliaJIengcr monograph the first serious attempt was made to portray

the comatulids in a monograpliic waj'. Although the figures are exceptionally

good, there has always been more or less difficult}' in comprehending them, and I

experienced a great deal of trouble with them myself. It was not at first evident

wherein tliis difficidty lay. A certain inabOit}'' of the artist to grasp the significance

of such details as the smooth or comparatively rugose appearance of certain speci-

mens, details exceptionally difficult of portrayal in a satisfactory manner, account

for much of the indefiniteness of certain figures, while the varied position of the

arms in the examples given make comparisons between the illustrations exceedingly

laborious, and undoubtedlj' accounts for the rest.

The figures in Ilartlaub's works were drawn bj' a different artist than were those

in the CliaUengcr report; though exceUent dcfineations, a certain personal element has

ent«red into their make-up which makes comparison between them and the Challenger

figures more or less unsatisfactory.

No personal element entered into Doderlein's beautiful photographic repro-

ductions; yet they are as difficult to compare A\nth the figures of Carpenter or of

Ilartlaub as these arc with each other. It was therefore evident that I could not
hope to produce satisfactory results by placing sole reliance either upon the artist

or upon the camera.

A study of Doilcrlein's paper side bj'' side with the Challenger report suggested
to me that if each sjiecies were drawn in detail, and a photographic reproduction
of the specimen also given, the former to show the intricate structure and the latter

to give the general appearance, a result might be attained which would stand a good
chance of being fairly satisfactory.

After a mature consideration of the matter I decided that, as i)hotographic
plates were also to be used, there was no object in burdening the text figures vnth
detail; the simi)lcr they were the more forcibly could the essential differential

characters be made to stand out. Moreover, if all the figures were rendered semi-
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dia<rrammatic by the arbitrary arrangement of the arms in a given position com-

parison of the figures inter se would be greatly facilitated; it would not then be

necessary to use the imagination in righting a more or loss distorted picture before

comparison could be made- with another equally, but differently, distorted.

All the fit^ures included herein have been prepared in Ime ^\'^th these ideas,

and future workers will be able to determhie whether or not they are of any value.

While the portrayal of 5 or 10 armed species which normally carry their arms

at more or less of an angle to the surface of the disk is a comparatively simple

matter, the question of how to show a multibrachiate or a flattened species without

becomhig swamped m a multiplicity of detail opened up an additional series of

problems It has seemed to me ample m the case of the flat 10-armed comastends

to show one-fifth of the aifimal (two arms) hi dctaU, includmg the centrodorsal

and such cirri as may be present on the side opposite the arms as drawn, and to

indicate the remaming portions by shnple Imes; m the case of very many armed

forms the sketchmg m of tne arms m the additional four sectors has the effect of

dmfinishmg the strength of the detailed sector, as well as by hicreasing the width

of the figure, necessitatmg a somewhat greater reduction m size than is advisable.

Only the central portion and one of the so-called "rays" of the multibrachiate

species are therefore shown.
_ x-u • „„

In the preparation of the text figures, I was fortunate m securuig the coopera-

tion of iliss Violet Dandridge, of Shepherdstown, West Virgmui whose expenence

m preparmg figures abounding m detaU, especially of shells, fish, and ophiuroids,

formed the best possible basis for work upon the crmoids.

The photographs for the plates were made by ilr. T. W. Smilhe m the photo-

graphic department of the United States National Museum.

IDENTIFICATION OF THE SPECIMENS UPON WHICH THIS WORK IS BASED.

Almost all the spechnens which have been exanfined by the author in the

preparation of this report have been marked with a small label stating the fact

and all are herem listed under theh respective species, so that any future worker

may be able to consult, with the least possible trouble, the material upon which

all the statements and deductions herem given have been founded

The letters foUowhig the data for each specimen mdieate the collection m

which the specimens may be found, as foUoTiv-s:

Ampr M • American Museum of Natural History, New York.

Austr'. M.

:

Austrahan Museum, Sydney, New South Wales.

g M _

:

British Museum.

Bei-g M.: Bergen Museum.

Berl M Museum fiir Natm-kunde, BerUn.

B s"-

'

Museum of the Boston Society of Natural llistory.

C. M.

:

Zoological Museum, Copenhagen, Denmark.

j)_ M.

:

Dresden Museum

E.I.: Museum of the Essex Institute, Salem, Massachusetts.

Y g . Frank Springer collection.
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F. S. Dop.: Frank Springer deposit collection in tlio I'nilccl States Na^

tional Museum.

G. M.

:

Graz I^nivci-sity Museum.

I. M.: Indian Museum, Calcutta, India.

K. M.

:

Christiania Museum.

L. M.

:

Ix'vden Museum.

L. S.: Leland Stanford Jimior ITniversity Museum.

L. U.: University of Liverpool Museum.

M. C. Z.: Museum of Comparative Zooloj,'^-, Cambridge, Massachusetts.

^I. M.: Museum fur Mecreskunde, Berlin.

M. O.: Oceanograpliic Museum, Monaco.

P. A.

:

Museum of the Philadelphia Academy of Natural Sciences.

P.M.: Paris Museum.

R. T. J.: Collection of Prof. Eobert Tracy Jackson, of Cambric^e, Mas-

sachusetts.

S. Z.

:

Collection of the Naples Station.

U. C.

:

University of California collection.

U. S. B. F., W.: Collection of the United States Bureau of Fisheries, at Woods
Hole, Massachusetts.

U. S. B. F., B. : Collection of the United States Bureau of Fisheries, at Beau-

fort, South Carolina.

U. S. N. M.: United States National Museum collection.

v.: Collection of Prof. Addison E. A'erriH, of New Haven, Con-

necticut.

W. A. ^I.: Collection of the Western Australian Museum and Ait Gal-

lery, at Perth.

W. M.

:

Vienna Museum.
Y. M.: Peabody Museum, Yale University, New Haven, Connecticut.
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Prof. Walter K. Fisher, of Stanford University, California; Prof. Theodore N. Gill,

of Washington; Dr. James A. Grieg, of Bergen, Norway; Prof. Robert Tracy Jack-
son, of Cambridge, Massachusetts; Dr. Robert Hartmeyer, of the Museum fiir

Naturkunde, Berlin; Mr. Samuel Henshaw, of the Museum of Comparative Zoology;
Prof. W. \. Hcrdman. of Liverjiool, England; Dr. R. Horst, of Leyden, Holland;
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Hamburg; Prof. Edward L. Mark, of Harvard University; Prof. W. Michaelsen, of

the Natural History Museum, Hamburg; Dr. Theodor Mortensen, of the Zoological

Museum, Copenhagen; Prof. Ed. Perrier, of the Natural History Museum, Paris;

Prof. G. Pfeffer, of the Natural History Museum, Hamburg; Mr. Richard Rathbun
and Miss Mary J. Rathbun, of Washington; Prof. J. Richard, of Monaco; Prof.

William E. Ritter, of the University of California; Dr. Leonhard Stejneger, of

Wasliuigton ; Dr. Charles Wardell Stiles, of Washington ; Prof. C. Vaney, of Lyon

;

Prof. Th. Studer, of Berne, Switzerland; Prof. E. Vanhoffen, of the Museum fur

Naturkunde, Berlin; Prof. Addison E. Yerrill, of Yale University, New Haven,
Connecticut; Prof. Max Weber, of Eerbeek, Holland; Prof. W. Weltner, of the

Museum fiir Naturkunde, Berlin; and Prof. Bernard H. Woodward, of Perth,

Western Australia.

To Mr. Frank Springer, of Las Vegas, New Mexico, with whom I have been in

constant communication since the begmning of the work, and who has assisted

me in every possible way, with most valuable information and with specimens, I

owe more than I can well express; it is due to his constant encouragement and

support that I was at last able to bring my studies to a conclusion.

For their kindness and courtesy in reading the proof of tliis volume I am deeply

indebted to Messrs. Frank Springer, WLUiam Patten, and Walter K. Fisher. All

three of these gentlemen made numerous suggestions which proved most helpful

to me. It is only fair to them to state, however, that they are not necessarily to be

considered as agreeing with all the detads of my conclusions.

HISTORY OF THE SUBJECT.

GENEIWL HISTORY.

The common comatulids of the coasts of Europe {Antedon petasus, A. bifida, A.

mediterranea, and A. adriatica) were undoubtedly known, at least to fishermen, long

before any record of them appears m literature ; so also it is probable that numerous

specimens of the large species from the Orient had reached Europe and found their

way into the cabinets of collectors soon after the establishment of regular trade

between Europe and the East, though they had not aroused sufficient interest to

lead to a definite aimouncement of the fact.

It is in 1592 that we find the first satisfactory reference to a comatulid; its

great beauty and delicacy of structure, enhanced, no doubt, by its comparative

rarity, led Fabius Columna to treat at some length of the common Mediterranean

species {dsKadaauaKZivosidrjc; Antedon mediterranea), and he even noticed the

interestmg physiological fact that if a specimen be placed in fresh water its color-

ing matter dissolves out, imparthig a hue to the water cori-esponding to the original

color of the individual. The remarks of Coluimia aroused considerable interest,

and we find them mcorporated, together with a copy of his really excellent figure, in

many of the succeeding works on zoology.

Fossil crinoids, abundant in many localities, were widely kno^^^l, and many

and curious were the speculations as to their origin; the detached columnals espe-
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cially, on account of their commonly starry shai)c and delicate markings, liad been

the objects of much superstitious awe, so that we find them figuring in the early

litornturo, under the names "pentncrinos," " astcroites," or "entrochos," much

more fro<iucntly than the less dreadful but, as we know to-day, far more interesting

crowns.

It remuiiiod for Edward T.lhuyd to first point out (in 1699 and 1703) the con-

nection between the fossil crinoids and the recent sea stars, and to go even further

and suggest the Rosy Feather Star {" Decempeda comubiensium," i. e., Antedon

bifda) as the type of sea star to which they were most closely related. Llhuyd really

deserves far more credit than is commonly accorded him for dissipating this halo

of semi-religious mystery which surrounded the fossil crinoids, and for his great

discovery of the relationship between them and the comatulids. His excellent

work, which may almost bo said to liavo laid the foundation for the study of the

Crinoidea, did not meet -wntli the reception it deserved; his modest, yet convincing,

essays could not penetrate the thick wall of poi)ular ])rejudice, and the comatulids

were later again assigned to the place which they had j)reviousl3' occupied.

In 1711 Petiver described and figured the first comatulid known from a locality

outside of Europe, calling it the "Stella chinensis perlegens" {Capillaster muUira^

diata).

Three years later Barrelier described anew the form first noticed by Columna
under the names of harbaia and Jimbriata.

In 1719 Kosinus, ignorant of the work of Llhuyd, attempted to show the con-

nection between the fossil crinoids and the recent sea stars, but he selected the

basket stars {AstropJiyton, etc.) as the recent forms to which the crinoids are most
nearly related, thus not advancing so far as had Llhuyd 16 years before, though in

justice to him it must be admitted that he did not have the opportunities for examin-

ing the recent comatulids which were enjoyed by Llhuyd.

In his really remarkable work upon the sea stars, published in 1733, John
Henry Linck gathered into one volume all of the facts which had been discovered

concerning the group. The comatulids he diHerentiated from the asteroids and
from the ophiuroids, placing them in the class "Stellie Crinit®," or hair stars, in

which he distinguished three genera

—

JsKaJcvs/ioc, with three species, TpeaKaideKOKusfioc,

with one, and Caput- Medusie, with two, as follows:

Class STELLyE CRINIT^.
Genua Jck&kvchoc:

J. crocca {tounAed on the SeKoSaauaimvoetdfjC oi Columna,) Anicdon mediterranea.

J. rosacea (founded on the Decempeda comubiensium of Llhuyd) Antedon bifida.

J. harbaia (founded on the Stella fimbriata of Barrelier) Antedon mediterranea.

Genus TpiaK/uSeKiKue/ioc (founded on the Stella chinenBis perlegens of Petiver.)

Capillasler multiradiata.
Genus Caput- Meduscc:

C. brunnum, sp. nov IComanthus hennftli.

C. diurcum, sp. nov.; according to Miiller, Lamprometra palmata, though more likely

to be L. proteclus, a species which was not differentiated from L. palmata by MuUer.
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The specimens of the two last, which were the only new species described by
Linck, were in the collection of Albert Seba and are now probably in the St. Peters-

burg museum.
Linck appears to have admitted the close connection shown by Llhuyd between

the comatuliils and the fossil crinoids; but he had nothing to add to Llhuyd's lucid

exposition of the facts, so he contented himself with reprinting his dissertation as

an appendix.

In spite of the advances which had been made, the next step was a wholesale

retrogression and threw the study of the group into utter chaos; for Lmne m
1758 placed the comatulids with the starfish and the ophiuroids in the genus Asterias,

recognizing only two species, both composites, and neither includuig any reference

to the species represented by the respective type-specimens.

Hb first species is:

Asterias pectinata = Antedon iifida+ A. mediterranea+ CapiUaster multiradiata;

but. the type-specimen (at Lund) is not even generically identical with any of these

supposed synonyms, being of the species now known as Comalula pectirmta: this

discrepancy is suggested by the locality given, Indian Seas, whereas Antedon iifida

(as known to Linne) is from Cornwall, A. mediterranea from Italy, and Capillaster

multiradiata from China. Wo have to thank Retzius, Miiller, and P. H. Carpenter

for redescriptions of the specimen which Linn6 had in mind when he pemied his

Asterias pectinata.

Limit's second species is:

Asterias multiradiata=hi3ick's Caput-Medusse cinereum+ h\s C. Irunnum,

the first of which is undoubtedly a Lamprometra, possibly, as Miiller supposed, L.

palmata, though more likely L. protectus; the second undoubtedly one of the Comas-

teridae, possibly ComantJius bennetti. Retzius and Carpenter have shown, however,

as in the case of the preceding, that the type-specimen is generically different from

either, and Asteinas (Capillaster) multiradiata has been restricted accordingly.

In 1761 the great Dutch collector, Albert Seba, figured and described two multi-

brachiate comatulids, one of which was said to have come from Mexico, but both of

which probably came from the East Indies.

In the twelfth edition of his work (1767) Lum6 added to the synonymy of

Asterias pectinata Seba's Stella marinis polyactis, sen Luna marina, said to have

come from Mexico (undoubtedly a Himerometra) , and his Luna marina altera

(which is probably one of the Comasteridse) , of unknown habitat. In 1758 out of

the five references which he cites under Asterias pectinata, four are to 10-armed

forms {Antedon) and one to a 13-armed specimen (the Stella chinensis perlegens of

Petiver); of the two additional references given in 1767, one of the figures (Stella

marinis polyactis) shows 29 arms, the other (Lu,na marina altera) 37. With this

heterogeneous concept in muid it is no wonder that he concludes his discussion of

Asterias multiradiata by saying that it is possibly only a variety of A. pectinata.

In 1777 Pemiant restricted the Linnean Asterias pectinata by describmg his

Asterias bifida and A. decacnemus, both of which, however, represent the same
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species, the Decempeda cornubiensium of Llhuyd, or the Antedon bifida as now known

;

and in 1783 Retzius carefully redescribed the Linnean types of Asterias -pedinata

and A. multiradiata, at the same time addmg to science a new species from the

American side of the Atlantic, Asterias tenellu, the Hathrometra tenella of to-day.

Bnigidro, in the "Encyclopedic m6thodique" (1792), republished the figures of

comatuliils given by previous authors.

Toward the end of the eightoenth century, Pennant, Forster, and Latham and

Davis, in the various editions of the "Faunula Indica," included both the Linnean

species as given by that author and on his authority, being able to add no original

matter of their own.

Speaking solely with reference to the Linnean system of nomenclature, de

Fr^miiivillo took the first step hi the recognition of the comatulids as a group dis-

tmct from the other sea stars; in a short paper published in ISll he proposed the

genus Antedon for the common west European species {A. bifida), a specimen of

which he had found in a dry dock at Havre, adhering to the growth on a ship's

bottom. He made no attempt to elucitlate the two Lhmean species, or any others

previously known, in connection with the new one he described (A. gorgonia), nor

diti he go further than to show ui what way it differed from the ophiuroids.

Simultaneously Lamarck had become dissatisfied with the heterogeneous

character of the Linnean genus Asterias, and m the following year (1812), in the

second volunio preliminary to his great work on the invertebrates, he suggested the

vernacular name "Comatule" (though without diagnosis) for the comatuUds, which

he latmized and formtUly described in 1816 as Comatula, assigning to his new genus

eight species, seven of them new, and overlookuig the Asterias tenella of Retzius.

But in the meantime (1815) WiUiam Elford Leach had slipped in with his new
genus Alecto, covering the same ground as Lamarck's Comatula, to which he assigned

three species, all of which, as well as the genus itself, were very poorly diagnosed.

Leach's new species were based upon specimens then in the British Museum; he
made no reference to any other worker and, as his types have since been lost, we
do not know for certaui (except in one case by a fairly reasonable inference) what
his species were. As given by himself the three species are

:

Alecto horrida ?

Akclo europa'a Anledon bifida.

AUcto carinata (most probably) Tropioinelra, sp.

It is important to scrutinize carefully Leach's arrangement in order to determine
the availability of Alecto as a generic name. AU subsequent authors, for instance
Schweigger in 1819 and Miiller in 1840, have accepted Alecto horrida as the repre-

sentative s|iecies of the genus. Alecto europsea is the same as the Antedon gorgonia
of De Fr^minville, and is therefore the type of Antedon, 1811 ; moreover, it is also

the same thhig as the Ganymcda pulcheUa of J. E. Gray, 1834, which is the type of

the genus Ganymeda. Alecto carinata is possibly the same as the Comatula carinata

of Lamarck, 1816, which is the type of the genus Tropiometra, 1907; this process of

elmimation thus leavmg Alecto Tiornda as the type of Alecto. Alecto liorrida is quite
unidentifiable, and therefore Alecto is unavailable as a generic name among the
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comatulids, which is rather fortunate in view of the fact that a subsequently estab-

lished Aledo has been widely used as a generic name among the Bryozoa.

Schweigger attempted to make Alecto Tiorrida a synonym of the Lmnean

Astenas muUiradiata; but we can not attach any importance to this, as it was cus-

tomary until a much later date to consider all multibrachiate comatulids as belong-

ing to the species " muUiradiata," as was done, for mstance, by Audouin and Leuck-

art, through ignorance of the real generic and specific, as well as of the family,

characters of the animals.

The comatulids mentioned and described by Lamarck in the year following

Leach's description of his three new species of Alecto are:

Comatula solans, sp. nov Comatula solark.

(Capillaster sentosa

.

Comanlhus benneUi. I

Comaster multifida.

Comatula rotalaria, sp. nov Comatula rotalaria.

Comatula fimhriata, sp. nov Capillaster multiradiata.

Comatula carinata, sp. nov Tropiometra cannata.

Comatula mediterranea, sp. nov Aniedon mediterranea.

Comatula adeonx, sp. nov Ollgometndes adeonx.

Comatula brachiolata, sp. nov Comatulella brackiolala.

The determination of the iype of the genus Comatula is a matter of consider-

able unportance in crinoid nomenclature; succeeding authors have either accepted

it in the sense of Lamarck to cover all comatulids, or have dropped it altogether;

the genus has never been properly revised. Now Lamarck's generic diagnosis is

quite explicit; it reads, "bouche inferieur, centrale, isolec, membraneuse, tubu-

leuse, saillante;" this obviously refers to the anal tube which was mistaken by

Lamarck for the mouth, and shows that when it was written he had in mmd an

exocyclic form, or a member of the family Comasteridse, thus eliminating from

consideration the species adeonse, cannata, fimhriata (which has a central or sub-

central mouth, though belonging to the Comasterida;), and mediterranea, and leavmg

solaHs, brachiolata, rotalaria, and multiradiata, the last having been subsequently

elhninated by L. Agassiz, who made it the tyi:.e of his new genus Comaster m 1836.

Rotalaria was designated as the type of Comanthus in 1907, thus leaving the two

species Solaris and brachiolata as possible tyi^es of Comatula; of the two soUns

agrees best with the generic description which, moreover, could not by any chance

have been based upon brachiolata, as the two specimens of that form known to

Lamarck are both very small, and have the arms folded in such a way as to conceal

the disk. Thus we find that Solaris must be taken as the type of the genus Comatula

.

Lamarck had undoubtedly originated the name Comatula or, in its French form,

"Comatule" long before he published it, and before either Antedon or AUcto were

published, and, as prioritv of publication was not such a vital matter in those days

as it is now, he was unwilling to relinquish it in favor of either of the earlier names,

the more so as both of these were ill-defined and covered the ground only in a

rudimentary way; his reputation was so great that practically all succeeding authors

followed him, only a very few resurrecting Leach's name Alecto, while Antedon was

completely buried.

79146°—Bull. 82—15 3
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Prof. Johannes ^klullor was liirgoly rcsponsiblo for the later disregard of the

generic name Comatula in favor of Aledo, rehabilitated, and Actinometra, newly

coined ; for ho employed Comatula as a term to include all comatulids, and expressed

tlie liner divisions by Aledo and Actinometra, used in a subgeneric sense. Dr. P. 11.

Car|)enter followed Miiller in this perversion of Comxitula, and used the name only

in ft sort of vernacular way, much as we now use the word "comatulid." In

speaking exactly he always used Eudiocrinus, Antedon, Adinometra, Atelecrinus,

etc., but when he merely \vished to differentiate the free from the stalked forms he

always spoke of the former, or of any one of them (most commonty Antedon bifida,

which he regarded as the type of the group), as "Comatula."

Lamarck entirely failed to recognize the affinities of the comatulids, and placed

them with the starfishes, though in a separate genus, as other post-Linnean authors

had dolie.

In the year following the appearance of Lamarck's treatise on the comatulids

the portion of Savigny's description of Egyj^t dealing with the echinoderms was

published; in it were figured two comatulids from the Red Sea, one of which was

designated (the identifications being by Audouin) as "Comatula sp.," the other as

"Comatula multiradiata." There is no further reference to the first of these figures,

which represents the local species of Tropiometra; but in 1836 de Blainville copied

the second in the atlas to his "Manuel d'Actinologie;" in doing this he made a

curious mistake, for the plate is lettered "Comatula adeonse," though in the text

the dcscrii)tion of Comatula adeonse is taken from Lamarck, and the species is

correctly said to have 10 arms. In the year following the "Penny Encyclopedia"
copied de Blain\'ille's account of Comatula adeonse, multiradiate figure and all, and
the same slip was made by Knight m his "Natural History," published in 1867.

In 1819 Schweigger figured various parts of a species which he determined,

without doubt incorrectly, as "Comxitula multiradiata;" he further identified this

with Leach's Aledo horrida.

J. S. Miller, in his epoch making monograph published in 1821, again raised the

comatulids to a position next to the fossil crinoids, and thus brought tlie conception
of the group as a whole to the same level at which it had been left by Llhuyd 120

years before. Miller proposed the name Crinoidea for the class, but he only
mentioned one comatulid, the Rosy Feather Star (the only one with which he was
pei-sonally acquainted), which he had found at Milford Haven. He was unable
to place this species in reference to those described by Lamarck, and therefore
tentatively described it as new under the name of Comatula fimhriata, which
name Muller in 1841 changed to milleri owing to the conflict with the Lamarckian
Comatula fimhriata which is quite a different thing. Lamarck's Comatula fimbriata
is the species now known as CapiUaster multiradiata, a species belonging to the
Comasterida;, while Miller's Comatula fimhriata is the common Antedon bifida, a
species belonging to the Antedonidse.

In 1822 we find the first reference to a comatulid in American zoological litera-

ture. Prof. S. L. Mitchill recording two specimens, wliich he did not iilentil'y, from
Gas|)ar Strait. In 182.5 Mr. Titian Peale found on the beach at Great Egg Harbor,
New Jersey, a specimen which he sent to the Museum of the Philadelphia Academy;
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there it was studied by Thomas Say who, however, could not identify it with any of

the species then known, so he described it as new, calling it (emending Leach's
generic name) Alectro dentata. Say's species has never been properly understood;
it has been very generally confused with Alecto sarsii, later described, and with the

Asterias tenella of Retzius which also came from America, but from farther north,

although it is in reality perfectly distinct from both. It is probable that up to the

present time no one has been able to make direct comparisons between these three

forms, for certainly Carpenter, had he done so, could never, as he did, have called

them identical.

About this time (but just when I have been unable to ascertain) W. E. Leach
described the common and magnificent arctic species, from specimens brought from
Spitzbergen, as Alecto (i. e., Heliometra) glacialis.

In 1826 Risso published his Comatula coralina and C. annulata (both synonyms
of Lamarck's Comatula mediterranea) , basing them upon specimens obtained at

Nice; and in the same year J. E. Gray published a paper on the digestive system of

the comatulids in which he proposed uniting them with the so-called Crinoidea of

Miller under the family name of Encrinitidse ; in other words proposing Encrinitidse

(or Encrmidae) as a synonym of Miller's Crinoidea.

The year 1827 was a memorable one in the history of the comatulids, for in

that year Dr. John Vaughan Thompson discovered in the Cove of Cork in Ireland

a small organism which he at once recognized as a crinoid and described in detail

in his classical memoir on the " Pentacrinus europseus." In the following year
Fleming became impressed with the differences between this small species and the

larger pentacrinites, and proposed for it the new generic name Hibernula, this

being rejected two years later by de Blainville who, considering that the names of

all stalked crinoids should end in "-crinus," rechristencd it Phytocrinus. But
Thompson had not been satisfied with the mere discovery of this interesting animal;

he made it the object of careful study, and m 1835 he announced that it was nothing

more nor less than the young of the common comatulid, Antedon bifida.

Flemmg in 1828 suggested the recognition of two species of British comatu-
lids, as had been done by Pennant, but for them he resurrected the long-forgotten

names of Lmck, calling them Comatula rosacea and C. harhata. The former was
quickly adopted, both because of its eminent appropriateness and because of the

great and deserved prestige of its author, and had become firmly fixed in the

nomenclature before growmg sentiment in favor of a more stringent adherence

to the principle of adopting the works of Lume as the starting point in all zoolog-

ical nomenclature finally dislodged it. Some sacrifice must of necessity be made
to secure nomenclatorial uniformity, but we can not help regi-etting the rejection

of the appropriate names conferred upon the sea stars by such a master of the

subject as Linck in favor of the attenuated and often questionable nomenclatorial

resultants obtained by the analysis of the unwieldy composites created by his

less discriminating successor. At the same time Fleming proposed the family

Comatuladse for the comatulids, together with the Pentacrinus europxus of Thomp-
son, and he suggested a division of the family, one part to contain certain forms

having the digestive apparatus with two apertures (as Gray had shown to bo the
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case ill Antedon bifida), the othor to contain tkosc like Pentacrinus europseus in which

the iligestivo system was supposed to have but a single opening.

In 1S31 Forussac recorded that M. Lemarc-Piquot brought back many coma-

tulids collected on his voyage to the East Indies and South Africa.

Georg August Goldfuss in 1832 published a description and a figure of a speci-

men which he had found at Bonn, which he referred to '' Comatula multiradinta"

;

the species r(>presented is the Alecto hcnndti subsequenth' described by !Miiller. At

the same time Goklfuss gave a good comparative account of the common Mediter-

ranean Antedon for comparison with the fossil species with which he was mainly

concerned.

Rui)pcl, in the course of his travels, found in the Red Sea an interesting multi-

radiate comatulid upon which he bestowed the manuscript name of " Comatula

leucomelas," but he docs not appear to have mentioned it anj-^vhere in his works.

In 1833 Leuckart came across his specimens in the Senckenberg Museum at Frank-

fort and ])ublishcd the name together with the locality, though without any iHag-

nosis. liccenth' Ilartlaub has reexamined the specimens, and has found them

to be examples of the Alecto palmata later described by Miiller.

Leuckart was the fust to describe the curious parasitic worms belonging to

the genus Myzostoma with which crinoids are usually hifested, his attention having

been first called to them by mistaking one for a madreporic plate. In discussing

the gentis Myzostoma he mentions a multiradiate comatulid from the Rod Sea

which, foUowuig Audouin, ho identifies as "Comatula muUiradiata,'' but which
von Graff, acting on the advice of P. H. Carpenter, has suggested was probably

an example of Tleterometra savignii, the species to which Audouin's Comatula

muUiradiata has always been referred.

In 1834 Dr. J. E. Gray found upon the coast of Kent a peculiar organism
which he was unable to place, and he therefore described it as new under the name
of Ganymeda pulchella. Later it was discovered that his supposedly anomalous
creature was merely the detached centrodorsal of the common Antedon bifida.

In 183.5 the first mention of a recent crinoid occurs in Australian zoological

literature; ui that year the Rev. C. Pleydell N. Wilton described, under the name of

Encrinus australis, what he supposed to be a new species, but which has smce
proved not to I)e a crinoid at all. Ten j'cars later his paper was m part translated

into French and reprinted, the author's name being incorrectly given as "Rev.
C. PleydeU."

In the year 1836 do Blainville pul)lished a valuable summary of the knowledge
which had been acquired m regard to the comatulids; his account of them is prac-
tically the same as that contained in the later editions of the work of Lamarck,
de Blainville had previously published two less extended treatises on the group
in the well known "Dictionaii-e d'histohe naturelle," one m volume 10 (1818),
the other in volume 60 (1830).

Prof. LouLs Agassiz in lS3r) founded his genus Comaster, based upon the Comat-
ula muUiradiata of Lamarck, which unfortunately is not the same as the Asterias
muUiradiata of Linn6 and of Retzius. Agassiz employed as the differential char-
acter for his new genus the excess of the numbor of arms over the 10 found in
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Comatula as he restricted it, a character which we now know to be of very uncertain

value.

In the " Inconographic du Regne Animal" published by Gu6rm-Men6villc

during the years from 1828 to 1837 there are two figures supposed to represent the

species described as Comatula carinata from Mauritius; possibly the first (2) does

represent this species, though it looks more like some species of Antedon; but the

second (2a) appears to be a species of AmpUmetra, and agrees fairly well with A.

discoidea from northern Australia and the East Indies. There is a specimen of

AmpUmetra discoidea (labeled by P. H. Carpenter Antedon milberti var. dibra-

chiata) m the Paris Museum from which I suspect this figure was drawn.

In the course of his studies on the echinoderms Prof. Johannes Muller had

become interested in the comatulids, and in 1841 he published a paper upon the

group in which he described the new genus Actinometra. The type of his new

genus was the new species Actinometra imperialis, founded upon a magnificent speci-

men two feet in expanse which he had found in the Vienna Museum labeled "Coma-

tula Solaris." In addition to Actinometra imperialis Muller described as new the

follo\ving species, all of which he referred to Leach's genus Alecto:

Alecto milleri (new name for Comatula Jhnbriala Miller, not

Comatula fimhriala Lamarck ) Antedon bifida.

Alecto phalangium. Leplomctra phalangium.

Alecto eschrUhtii Heliomelra glaeialis.

Alecto eckinoptcra Comactinia echinoptera.

Alecto rosea Comatula brachiolata.

Alecto tcssellata Amphimetra tessellata.

Alecto polyarthra (Not identifiable.)

Alecto multifida (see below) Comasler niiiltifidn.

Alecto savignii Hctcrometra savignii.

\Lam.promctTa palmata.
Alecto palmata {Lamprometra protectus.

Alecto parvicirra Comanthus parvicirra.

Alecto limoremis Comanthus parvicirra.

Alecto japonica Comantlms japonica.

Alecto flagellata Dichromclra flagellata.

Alecto novx-guinese Comaster nova:guinex.

Alecto elongata Dichrometra flagellata.

Alecto bennetti Comanthus bennetti.

Miiller found in the literature three species which bore the name multiradiata,

m addition to the so-called "multiradiatas" of Leuckart, Audoum, and Schweigger,

which he seems to have correctly considered wrongly so called; one of these had

been described by Linne (Asterias multiradiata) and later redescribed by Retzius,

another had been described by Lamarck (Comatula multiradiata), while a third had

been described and beautifully figured by Goldfuss (Comatula multiradiata). Both

Lamarck and Goldfuss had been under the impres.sion that the species they had in

hand was the one originally diagnosed by Linne. Muller took the ground that the

name should hold for the species or form which was best described, and ho treated

the Asterias multiradiata of Linne and the Comatula multiradiata of Lamarck as

being quite unrecognizable from the published descriptions, and therefore not ten-

able. The Comatula multiradiata of Goldfuss, well described and illustrated with
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an oxccUont figure, ho considered as the true multiradiata , and when he came to

examine Troschel's notes upon the Lamarckian types at Paris he never thought of

restoruif^ to them the name nntltiradiata, but renamed one of the two forms repre-

senteti among them (Akdo) multijida, at the same time describing it in detail.

This action of Muller in describing anew the Comatula multiradiata of Lamarck,

hitherto unidentifiable, resulted in the positive identification of that species, and

with it, the genus of which it is the type, the Comaster of L. Agassiz. The type of

this genus now becomes Alecto multijida 'Mu\\eT=Comatula multiradiata Lamarck

reidentilied. Concurrently with his perversion of the specific name multiradiata,

Muller shifted the genus Comaster of Agassiz to cover the species described and

figured by Goldfuss, in spite of Agassiz' statement that the multiradiata of Lamarck

was the type.

Although P. II. Carpenter in his earlier work partially rectified this error, he

later accepted Miiller's views in regard to Comaster, and thus failed to recognize its

rightful place in nomenclature.

In the year in which Muller published his first paper on the comatulids (1841)

Delle Chiaie described his Comatula bicolor, which seems to have attracted little

attention, as it was generally recognized as merely a synonym of Lamarck's Comatula

mediterranea.

Muller went to Sweden and examined at Lund the Linnean types, publishing

in 1S43 a redescription of both Astenas multiradiata and A. pectinata, but he curi-

ously overlooked the type of Rctzius' Astenas tenella. At the same tune he de-

scribed two new species, Alecto purpurea, which he found in the Berlin Museum,
and Alecto wahlhergii, which he found in the Stockholm Museum. Both of these

species have since been strangely neglected, the former being incorrectly treated

as a synonym of the Linnean Asterias pectinata, and the latter as a synonym of

Miiller's earlier Alecto parvicirra.

Michelin in 1845 noted the occurrence of Comatula carinata (Tropiometra

carinata) at Mauritius.

In 184(5 Diiben and Koren announced the discovery on the coasts of Scandinavia

of two species which they were unable to identify with any of the previously de-

scribed forms; they accordingly proposed for them the names Alecto petasu^ and
Alecto sarsii, following Miiller in the use of Leach's name Alecto. The first of these

species had been reported from the Scandinavian coast by Prof. Michael Sars in

1835 under the name of Comatula mediterranea, but his notice of its occurrence
does not seem to have attracted much attention.

In 1846 Muller doscribed four additional species (Comatula macronema, C.

jacquinoti, C. trichoptera, and C. reynaudii) which he found in the Paris Museum,
and in 1840 ho published his very important men^oir on the genus Comatula and its

species, the first really adequate work on the subject, in which he treated of all the
forms then known. His genus Actinometra had given him considerable trouble, for

in many cases he had been unable to detormmo whether a specimen should be
referred to that genus or to Alecto (as understood by hun), and in specunens in which
the disk was lost or concealed, as ho knew of no other differences than those afforded
by the.arrangement of the ambulacra, he was, of course, quite at a loss. He there-
fore reduced Actinometra and Alecto to subgencric rank under Comatula, which he
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employed as a general term to cover all species; if he could make out with cer-

tainty the arrangement of the ambulacra, he inserted Alecto or Actinometra, as the

case happened to be, between Camatula and the specific name; if he could not, he

omitted the subgeneric designation and referred the species unqualifiedly to

Comatula. Some idea of the difficulties which lie encountered (undoubtedly largely

through differences in the state of preservation and consequent different degrees of

distortion of the soft parts of the specimens examined by him) may be gathered from

the fact that he placed a single species, Comanihus parmelrra, both in Actinometra

(twice) and in Alecto, and also in the incertse. sedis under Comatula.

In the course of liis studies Miiller had discovered that his Actinometra impe-

rialis was identical with Lamarck's Comatula solans; but while he dropped the spe-

cific name imperialis he still clung to his Actinometra, not relinquishing it, as he

should have done, hi favor of Comatula. In tliis, as in other thuigs, he was followed

by P. H. Carp?nter.

Miiller's final arrangement of the comatulids was as follows

:

Comatula (Actinometra) Solaris Comatula Solaris.

C. (Actinometra) rotalaria Conmtula rotalaria.

C. (Actinometra) wahlhergii Comanthus uahlbergii.

C. (Alecto) echinoptera Comactinia echinoptera.

C. (Alecto) Tnediterranm Antedon mediterranea.

C. (Alecto) carinata Tropiometra carinata.

C. (Alecto) milberti Amphimetra milberti.

C. (Alecto) phalangium Leptometra phalangium.

C. (Alecto) petasus... Antedon petasus.

C. (Alecto) sarsii , Hathrometra sarsii.

C. (Alecto) eschrichtii Heliometra glacialis.

C. (Alecto) savignii Heterometra savignii.

C. (Alecto) fivihriata Capillaster multiradiata.

C. (Alecto) reynaudii Heterometra reynaudii.

C. (Alecto) parvidrra Comanthus parvicirra.

I
Lamprometra protectus.

C. (Alecto) palmata [lamprometra palmate.

\Capillaster sentosa.

C. (AUcto) multiradiata
| Capillaster multiradiata.

C. (Alecto) articulata, sp. nov Liparometra articulata.

C. brachiolata Comatula brachiolata.

C. milleri Antedon bifida.

C. rosea Comatula bracliiolata.

C. adeonx Oligometrides adeome.

C. eumingii, sp. nov Comatula pectinata.

C. elongata Diclirometraflagcllata.

C. trichoptera Comanthus trichoptera.

C macronema Plilometra macronema.

C. philiberti Amphimetra philiherti.

C. japonica Comanthus japonica.

C. multifida Comaster multifida.

C. timorensis Comanthus parvicirra.

C.flagellata Dichrometrafiagellata.

C. novx-guinex Comaster novxguinex.

C. bennelti Comanthus bennetti.

C. jacquinoti Amphimetra jacquinoti.

C. tessellata Amphimetra (?) tessellala.
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It will be noticed that there is no mention in tliis list of the Asterias tenella of

Retzius, the Alectro dentata of Say, or of the Alicto (jlacialh of Leach.

Wliile working up the natural liistoryof Chile for inclusion m his nionograpliic

account of tliat country, Gay found in the Paris Museum a number of comatulids

which hail been labeled bj' Valenciomies Comatula picta, and wluch were said to

have been obtained in Chile. In the eighth volume of liis work (1854) Gay described

these untler Valenciennes' name of Comatula picta; but he niakes no further men-

tion of their occurrence m that country. The specimens belong to the common
Brazilian specii's of Tropiometra, and could not have come from Chile; they prob-

ably came to Franco on a ship from Chile which had touched at some Brazilian port

on the way.

In 1857 Barrett discovered in the Sound of Skye a curious species which he

nameil Comatula woodwardii (Leptometra celtica), but which he renamed (jointly

with McAndrew) in the following year Comatula celtica, to avoid conflict with a

previously described fossil Comatula woodwardii.

Dujardin and IIu])6 in 1862 published their great work on the so-called zoo-

phytes, the former being resj)onsible for that part which dealt with the comatulids.

These authors followed Midler closely, but corrected man}- of his mistakes, while

making some additional errors of their own. They recognized three genera of

recent comatulids which the}' cidled Actinomefra, Comatula, and Comaster, the

last being based upon Goldfuss', Comatula multiradiata and used, therefore, in the

same sense in wliicli it was understood by Miiller. Actinometra as described by
them has a centnd anus, the brachial ambulacra leading to a horseshoe-shaped

peripheral furrow; Comatula included the forms in w-liich the mouth is central and
forms the converging point of five equal radiating ambulacra on the disk. Actino-

metra impcrialis, which Miiller himself had shown to be but a synonvm of Comatula

Solaris, they reinstated as a valid species, even going so far as to consider it generically

different from C. Solaris.

Their arrangement of the various species is:

Comatula meditcrranca Antfdon medilerranea

.

Comatula phalangium Leptometra phalangium.

Comatula petasus intcdon petasus.

Comatula sarsii Ilathrometra sarsii.

Comatula eschrichtii Heliometra glacialis.

Comatula carinata Tropiometra carhiata.

Corruttula adconx Oligometrides adeonx.

Comatula trichoptcra Comanthus trichoptera.

Comatula reynaudi Uetcrometra reynaudii.

Comatula Solaris Comatula Solaris.

Comatula brachiolata Comatulella brachiolata.

Comatula eehinoptera : Comactin ia echinoptera.

Comatula rosea Comatulella brachiolata.

Comatula tessellata Amphimetra (?) tessellata.

Comatula purpurea Comatula purpurea.
Comatula philiberti Amphimetra philiberti.

Comatula milberti Amphimetra milberti.

Comatula jacquinoti Amphimetra jacquinoti.
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Cormiulamacronema Ptilomelra macronema.

Comatula savignyi Heterometra sangmi.

Cormtularotalaria Comatula rotalana

Cormlulafimhriata
CapillaaUr mulhradiata.

Comatula elongata
DkhromclrafiagcUata.

Coirwtula parvidrra Comanthus parvxcma.

Comatula japonica Comanthu^ japomca.

Comatula flagellata
Dichrometra flagdlata.

Comatula timorensis
Comanthus pan-xciTra.

Comatula articulata
Uparometra articulata.

Comatula mumfida Commter mumjida.

Comatula novm-guine^ Covuisternova^gmne^.

Comatula henmlti
ComMnthm hmnettu

Actinometraimperialk
Comatula Solaris.

Actinometra vectinata
Comatula pectxnata.

ICapillaster sentosa.

Capillaster multiradiata.

Actinometra wahlbergii
Co,^nthus wahlbergu.

Compter multiraduitus
Comanthus bennetU.

In addition to these described forms they gave a list of undescribed species,

taking the names from labeled specimens in the Paris Museum.

While we are not at present directly concerned except with the systematic

history of the comatulids, it would be impossible to appreciate this properly without

some idea of the relative progress made along other lines of study, and it is therefore

fitting that some mention be made of the new era in the elucidation of the structure

and development of the group which began in the year 1863.

Adams in ISOO had caUed attention to the two apertures on the comatulid

disk while in the years 1823-1826 P6ron, Gray, Leuckart, Meckel and Heusinger

ndependently demonstrated, in varying degrees of completeness, the existence of a

oiled di-estive tract. In 1835 Dujardin showed that the eggs of the comatulids

ure borne externally on the pinnules and are not internal as in the other echmoderms,

while in the same year J. V. Thompson demonstrated the stalked condition o the

voun- In 1843 Miiller made a valuable contribution to the knowledge of the struc-

ture of the comatulids in his classical memoir on the structure of Pentacnnvs caput-

medusx {Isocrinus astena) ; but the true understanding of the comatulid embryology,

development and structure may be justly said to date from the epoch-making

memoirs of Prof. George J. Allman, 1863 C'prebrachial' larval stage) _Prof. Sir C.

Wy^^e Thomson, 1865 (eariy development), and especially of Dr. William Ben-

jamin Carpenter, 1866 Qater development, history and structure)

Canon Alfred Merie Norman in 1865 published the results of his researches on

British echinoderms, in which he foUowed Gray (1848) in the use of^n^.Jon in

preference to Comatula, at the same tbne changing tlie family name to Antedomd^e.

He described no new species, but he recognized, as Pennant and Fleming had done

two British species of the A. bifida type, Antedon rosacea (following Hemmg m tlie

use of Linck's name) and A. miUen, which latter he included on the authority of

Sir Wyville Thomson.
^ ^,. , , r^ * ;,

In the same year Mr. Alexamler Agassiz an.i Mrs. Elizabeth Gary Agassiz

definitely made known the first species of the family Comastendffi. Comatula

ind

c

are
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meridionalis {Comactinia meridionalis), from the American coast of the Atlantic,

though it has subsequently been found that Mviller's Aledo ecMnoptera is also an

American form.

In 1SG6 Williohn Bohlsche described as new a curious little comatulid from

the coast of Brazil which he had been unable to identify with any known form. He
called it, in comphmcnt to the justly famous Norwegian naturahst of that name,

Aniedon diihenii. This species has been the cause of considerable confusion; P. H.

Carpenter idenlifieil witli it a specimen which the Challenger dredged at Bahia, and

figured both this specimen and tlie type in the ClialUnger report on the "Comatula?."

The Challenger specimen is a young example of Tropiometra jncta, but the 13-pe

specimen obviously belongs to the Antedonida?, and to the genus Antedon. It is

only witliin the past year that this species has been rediscovered, the second known
specimen having been coUecled on the island of St. Thomas.

It was in 1866 also tliat Prof. Sven Lov^n instituted the new genus Phanogenia

for tlie reception of a curious exocychc comatuUd from Singapore which differed

from all the other species then known in having the centrodoi-sal very much reduced,

in fact merely a small stellate plate, and quite without cirri. This form he called

Phanogenia typica {Comaster typlca).

Two 3^eai-s aftenvards (1S6S) Professor Lov6n announced the startling discovery

of a recent cystid at Cape York, AustraUa, which subsequently proved to be nothing

but the detached disk of one of the Zj'^gometridse. This so-called Ilyponome sarsii

of Lov6n was the firet zygometrid known; but in the same year Prof. Carl Semper
introduced to science a second, the peculiar Ophiocrinus (Eudiocrinus) indivisus,

remarkable in possessing but 5 arms, whereas all the other comatuUds then kno'mi

had at least 10.

The United States Coast Survey had been for some time engaged in a systematic

study of the marine conditions off the coast of the southern United States, and
Count L. F. de Pourtales was tlius enabled in 1868 to make known the interesting

Comaiula hrevipinna (.Crinometra brevipinna, the first known species of the Charito-

metridffi) and Comaiula hagenii (Coccometra hagenii), the first comatuhds definitelj'

kno%vn from the West Indies, C. brempinna being, moreover, the firet species known
with "plated ambulacra" lilve those of the pentacrinites, though their existence in

this form was not demonstrated untU mjxny 3-eai-s later.

In the following year Kuhl and van Hasselt gave colored figures of two large

comatuhds, one of which was described as new under the name of Comaiula (^Acii-

nometra) hamafa (Comaiula Solaris), and Pourtales added to the known fauna of

the West Indies his Aniedon armata (Analcidomeira armata), A. cuhensis (Antedon
cubensis and Atelecrinus halanoides), and A. rubiginosa (Comactinia meridionalis).

At the same time Prof. E. von Martens recorded from the Red Sea the Alecto
palraata of MiiUcr, which had originally been described from the Red Sea, and, erro-

neously, India, and recorded Comaiula Solaris (based on a specimen of Tropiomeira
carinata) from Zanzibar.

Dr. C. F. Liitken luid become interested in the comatuUds, and had discovered
that in the exocychc species the oral pinnules are furnished with a pecuhar terminal
comb; he retained Aciinomeira for the exocychc forms and used Aniedon or Alecto
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for the endocyclic. Unfortunately he never pubhshed any detailed account of his

studies himself, but he gave to Dr. P. H. Carpenter the resuhs of Ids researches,

by whom they were pubhshed, together with his own obsei-vations, 10 or 12

years later (1879). Doctor Liitken had, however, in 1866, 1869, 1874, 1877 (two),

and 1879, published hsts of the comatuhds in the collection of the GodeflFroy Museum

at Hamburg, which clearly show that his conception of the generic hmits of "Ante-

don" and " Actinometra" at that time was the same as that elaborated by P. H.

Carpenter in 1879 and in 1888. The names used by Liitken were all nomina nuda,

but all have since been identified.

In the United States Prof. Addison E. VerriU had taken up the study of the

echinoderms and, beginning in 1866, he published various papers in wliich he brought

up to date the somewhat scanty knowledge of the comatuhds of North and South

America. . • j j i

SirC. Wyville Thomson, in his prehminaiy report upon the crmoids coUected by

the Porcupine expedition (1872) and in his semipopular work "The Depths of the

Sea " pubhshed in 1873, as well as in " The Atlantic," pubhshed m 1877, brought out

many new facts concerning the ciinoid fauna of the north Atlantic and of the

Mediterranean.
7 7

In 1875 Grube described three new comatuhds from Borneo, tomitula Ixms-

sima {AmpUmetra Isevissima + AmpUmetra milherti), Conmtula (Actinometra)

l<ymeensis {CapilUster muUiradiata) and Conmtula mertensi {Comanthus parvicfirra)

reverting to the classification of MiiUer which had been abandoned by VerriU and

Pourtales, these authors placmg all their species in the genus Antedon, foUoXN-mg

Norman and Gray.

In the year 1877 Prof. E. P. Wright described a supposed new genus and species

of sponge from Austraha, which he called Kallispongia arched. Mr. S. O. Ridley,

in reviewing the paper for the "Zoological Record," at once noticed the similanty

of the animal to the stalked larva of Antedon, and expressed his doubts as to

whether it really was a sponge. Subsequent study lias sho^^^l that Kallisponfia

archeri is in reahty the stalked larva of two Austrahan crmoids, Ptilometra mullen

and (probably) Compsometra loveni. Were it not that the figure of the pentacrinoid

of Ptilometra mulleri is given as a "variety" of the supposed species, Kallispongw.

would have to be used instead of Ptilometra.

At the same time the Rev. T. R. R. Stebbmg, wlio had been mterested m the

then current speculation in regard to the origm of tlie generic name Antedon, pub-

hshed a short note stating that 'Avei,diov was the name of a nymph mentioned by

Pausanias and that the name would be more correct if speUed " Anthedon." This

emendation has not, however, been adopted by any one except Mmckert, who

employed it in one of his papers pubhshed in 1905.
,. , , . ^ ^ ,

Mention should here be made of the monograph ]nibhshed in 187/ by Prof.

Ludwig von Graff on the myzostomes, a group of curious "worms" untU recently

knovvni only as parasites upon the crmoids. In the preparation of this monograph

Professor von Graff received many spechnens taken from crmoids bearing unpub-

hshed museum names and from crinoids taken in locahties not previously laiown to

support a crinoid fauna. Later Professor von Graff studied the myzostomes from
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the Challenger crinoids, and from those collected by the Blake in the West Indies.

The names included in these later reports (two on the ChaUenger and one on the

Bhil-e niutoiial) were furnished by P. 11. Carpenter; but some of them were subse-

(luontly droi)i)od by C'ar])cnter, and others were never mentioned by him at all, so

that they now stand in von Graff's works as nomina nuda.

In 1S7S Pourtalds, continuing his studies, described Antedonalata {Neocomatella

alata), A. indcheUa {Neocomatella alata), and A. granulifcra {Crinometra granullfera).

Owing to the great difficulty wliich he must have had in comprehending the

vague descri))tions of the early authors, and to a lack of the true appreciation of the

somewhat intricate tUlferential s])ecllic characters of the gi'oup, as well as to the

almost complete absence of material mth which to make comparisons, we find the

<liagnoses of PourtalSs somewhat difficult to comprehend, the more so as many of

them are short and indeiinite: the absence of authentic tj-jie-specimens, and a trans-

ference of certain of his original labels to species not agreeing with liis diagnoses

have added to the confusion. Car]>enter attempted to straighten matters out in

1881, but in some ways made tilings rather worse. Antedon granulifera Carpenter

at first decided was an " Actinometra" ; later (1888) ho shifted the name to a species

{Crinometra imhricata) rcsembhng Crinometra hrevipinna but entirely lacking the

l)ecuhar granulated ornamentation wliich induced Pourtales to bestow the name

granulifera upon it, and renamed Antedon pourtalesii what is most probably the type

of granulifera. Carpenter's action in regard to Antedon alata and A. pulchella was

extremely arbitrary; ho saw that the two were synonyms, but, uistead of choosing

the first name given {alata), he chose the later {pulchella) as being more appropriate.

In 1879 Dr. Edgar A. Smith described in great detail a new comatulid from the

island of Rodriguez, wliich remains to-day the only crinoid known from that locahty

;

he called it Comatula indica {Stephanometra indica) and it was the first species to be

tUscovered belonging to the family Stephanometridffi. In the same year Dr. Richard

Uathbun ])ubUshcd tlio results of liis study of the BraziUan comatuhds, carefully

comparing Brazihan and African s]>ecinicns of the corresponding s])ecies of Tropio-

metra, and describing in detail, though conscientiously refraining from naming,

another sjjccies from BrazU which has since proved to be the interesting Nemaster

lineata.

The year 1879 marked the beginning of a new c])och in the study of the comatu-
lids, for in that year was pubhshed Philip Herbert Carpenter's masterly monograph
on the genus " Actinotnetra ," which is, in many w'ays, the best work he ever did, and
wliich is free from a num1)er of the more serious errors wliich mar the Chal-

lenger report pubhshed nine yeai-s later. In this work he re%-iews the whole subject

of the comatuhds and gives a detailed account of the comparative structure of such
species as were available. One new species, Actinonietra polijmorpha, is described,

which, however, he soon found to be the same as the Alecto parvicirra of Miiller.

In the same year Carpenter jnibhshed a prehminury account of the comatulids
which had been collected by the Challenger, in which ho diagnosed the remarkable
new genus Promachocnnus wliich has 10 radials instead of the usual 5.

In 1881 Caq^entcr followed tliis with a similar report on the collections of the
United States Coast Survey steamer Blake, in wliich he gave us an idea of the fauna
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of the Caribbean Sea, and made known the remarkable new genus Atelecrinns,

assicrninc to it three species, Atelecrinus halano^es (sp. nov.), A. cuhensis {Antedon

cu&enm"Pourtales, m part; immature .4. halanoides), and A. sp. (Atelecnnm

wyvillii). In addition he described the interestmg Antedon spmifera {Stylometra

spinifera), and first recorded (in that species) the presence of a complete ambulacral

nlatincr in a comatuhd comparable to that found in the pentacnmtes, while he also

figured, without giving a formal description, the extraordinary form wbach he

called Antedon columnaris {Zmometra columnaHs). In the same year he reportea

upon the rich comatuhd collection of the Leyden Museum (which had previously

been studied by MiiUer), and laid the foundation for knowledge of the remarkable

comatuhd fauna of the East Indies.

The species which he discussed m this paper were:

Tropiormtra encrinus.

Antedon carinata.
Tropiometra carinata.

Tropiometra picta.

Oligometra serripinna.
Antedon serripinna, s\>. nov

, ,. ....
'

. . •/• ™ •„ =,, „nT, Amphimetra pinnifomns.
Antedon pinmformis, sp. nox f ' '.

. , „„ =„ „,,,. Colobometra perspinosa.
Antedon perspmosa, ap. no\ ' '.

, . , „ „„„ Stenhanometra spicata.
Antedon sptcata, sip. nov >'

, „.
, , ,

• „ „„,. Lmnpromdra protectus.
Antedon Lrnc^ra, sp.no.

Dichrometra Jlagellata.
Antedon flagellata ...

.Dichrometra bimaculata.
Antedon bunacuata,sp.no.

...Dichrometra flagellata.
Antedon elongata

^ ,
•

, . , ; . Comaster typica.
Acltnometra typica ^,

.
/ . Comanthus japomca.

Actinometra japomca.
Com^nthina schlegela.

Actinometra schlegehi, sp. nov
^^^^^^^^ nov^guin.^.

Acltnometra nov^-ginne.^^
Himerometra robustipin^ia.

Acttnometra robusttpinna, sp. no^
Comantheria allcma.is.

Actinometra alternant, sp. nov
Comanthm parviHrra.

Actimmetra parvtctrra -

^^^^^^^^^^ parvicirra.
{Alectotimorenns)

Comanthm parvicirra.
{Comulula simplex^ . -

. - - -
•

Comanlhm bennetti.
Actinoimtra peronn,^ sp. nov

Comanthus bennetii.

Actinometra bennetti

lu 1882 he further elucidated the East Indian fauna in a siniilar paper on the

\ rf f th. TTnmbura Museum m which he also takes up the pecuhar genus
comatulids o the Hambmg M^iseum,

^^ Eudiocrin.s (Opkiocrlnus being

ToTto have only a very remote relation to the orighiul Oplnoannus ^nd^v^us.

The comatulids considered in this paper are:

. .Atelecrinus balanoides.

Atelecrinus balanmdes
Atelecrinus bala^wides.

Atelecrinus mberisis
Atelecrinus wyvillii.

Atelecrinus wyvillu, sp. nov
Eudiocrinus indivisus.

Eudiocrinus %ndxvxsus
Pentamttrocrinus varia m.

Eudiocrinus varians, sp. nov
Pentamelrocrinus semperi.

Eudiocrinus sempen, sp. nov
Pentamelrocrinus japonicus.

Eudiocrinus japonicus, sp. nov
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(Specimena in the Hambui^ Museum.)

ITropiometra andouini.

Tropioinelra encrinvis.

Troinomctra mnnata.

Tropiomelra picta.

Antedon Uevipinna, sp. nov Lampromelra proteclm.

Antt-don xquipinna, sp. nov Lampromelra prolcctus.

Antedon imparipinna, ep. nov Lampromelra proleclus.

Antedon variipinna, sp. nov Amphimetra variipinna.

Antedon crenulata, sp. nov Amphimclra crenulata.

Antedon acuticirra, sp. nov Craspedometra acuticirra.

Antedon ludovici, sp. nov Craspedometra acuticirra.

Antedon bipartipinna, sp. nov Craspedometra anUicirra.

(Antedon australis, nom. nov.) Craspedometra acuticirra.

Actinomelra Solaris Comatula Solaris.

Actinomelra robusta, sp. nov Comatula Solaris.

Aclinomelra parvicirra Comanthus parvicirra.

, . , . ,. {Capillasler scntosa.
Actinomelra muUiraaiata i^ .,, , 7, • j- ,

[Capillasler multiradiata.

Actinomelra grandicalyx, sp. nov Comantheria grandicalyx.

Actinomelra meyeri, sp. nov Comanthus annulata.

Actinomelra bennelli Comanthus bennetli.

In the same year Prof. F. Jeffrey Bell invented a very ingenious, but unfortu-

nately impracticable, scheme for the expression of the specific characters of the

comatulids by means of so-called "specific formulae," and gave a list of all the

species knowTi to him with their specific formulse attached; in this list he inserted

the names of some undescribed species which had been obtained by the Alert in

Australia, and he added an appendix describing Actinomftra annulata {Comantlius

annulata) from Cape York. Later in the same year he very briefly diagnosed a

new form from the Straits of Magellan, Antedon magellanka {Florometra mageU-

anica), treating it as a variety of the arctic Ileliometra ghcialis.

It was in 1882 also that Greeff reported the occurrence at the island of Rolas

in the Gulf of Guinea, near Sao Thom6, of a comatulid whicli he called Antedon rosor

cca, but which is probably the same as the species afterwards named by Ilartlaub,

from specimens obtained on the Ivory Coast, Antedon Tiupferi. This curious

species is the west African representative of the Brazilian Antedon dubenii and of

the European Antedon bifida.

Early in the following year Carpenter reviewed Bell's system of formulation,

pointed out munerous erroi-s, and gave a revised list of all the species which he

could deterniuic; and Prof. Edmond Perrier diagnosed a new species of Eudiocrinus,

E. adanticu^ {Pentameirocrinus atlanticus). The genus Eudiocrinus was hitherto

supposed to be peculiar to the Pacific—being in fact named for the Pacific Ocean

—

and the discover^' of a species in the Baj- of Biscay was an occurrence of more than

ordinaiy interest.

In 1883 also Prof. Percival de Loriol iliscussed the cclunoderms of Mauritius,

noting the occurrence there of Tropiometra carinata.

The report on the collections made by H. M. S. Alert in Australian and East

African waters was published by Bell in 1884. In it certain species, badly in need
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of redescription, were recorded with no data but the locaUties, others were given

erroneous and misleading diagnoses, the species hriareus was again, as in 1882,

referred to " Antedon" uistead of to " Actinometra" where it belonged, and some

of the names conferred in 1882 were shifted about and apphed to quite different

species.

The Australian species included m the AleH report are:

f Tropiometra, sp. nov.
Antedon adeonse Wligometridcs adeonx.

(Amphimelra milberti.

Amphimetra ducoidea.

Oligometra carpenten.

Antedon pinniformis
Oligoiyutrides adeonx.

Antedon carperUcn,BV.noy
Oligometra carpenten.

Antedon pumila, sp. nov Xcompsomelra loveni.

(= Antedon loveni, 18S2)

Antedon bidem,sp.noY Ohgometr^ adeonx.

Antedon loveni, sp. nov \ColobometTa perspiru>sa.

\=Antedon insignis, 1882)

Antedon decipiem,^V-^ov Amphxr,utra crenuMa.

Antedon reginx,sv.T.oy
Lamprometra gyges

Antedon articulata
Liparometra articulata.

Antedon gyges, sp.noY Lamproirutra gyges

Antedon irregularis, sp.noY Amphimetra crenulata.

Antedon elegans,sv. nov Zygometra elegant

.

Antedon hriareus, sp. nov Comantheria bnareus.

Antedon mierodiscus, sp. nov Zygometra mxcrodiscus.

Actinometra Solaris
Comatula solans.

Actinometra albonotata, sp. nov Comatula solars.

Actinometra intermedia, sp. nov Comatula solans.

... . I. „,„ Comatula solans.
Actinometra robusta

, , .

, . , , ,„ Comatula solans.
Actinometra strata,.,„••, Comanthus pamctrra.
Actinometra cumingu .„ " „ ;•

,

, . , •.,•„„ „„„ Capillaster multiradiata.
Actinometra coppingen, sp. nov "- ^

, . , •; • Comatula rotalana.
Actinometra jukesi ..

, . , • Comanlhus parvicvna.
Actinometra parvunrra , ,,

, ,. „„ Comanthena allemam.
Actinometra alternans

, ,, •

, . ,
• •, „„ _„,, Comatula rotalana

Actinometra pauciarra, sp. no\
jComaster typica.

Actinometra muUifida \comanthina schkgelii.

IComaster typica.

Actinometra variabilis, sp. nov XComaster multifida.

, . , Comatula peclinata.
Actinometra. sp. ]uv

The east African species included m the Alert report is:

, . Comissia ignota.
Actinometra, sp

In 1884 also P. H. Carpenter diagnosed his remarkable new genus TJiaumaio-

ainus, wliich recently has been shown to be only the young of a species belonging

to one section of his genus Promachocrinus, the section which was included by

Minckert in 1905 in his new genus Decametrocrinus, over which name Thaumatocn-

nus has, of course, priority.
, ,. , , -r. tt /^ x i k

In Ihe same year that the Alert report was pubbshed P. H. Carpenter also pub-

lished an account of the crinoids occurring between the Faeroc Islands and Cib-
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raltiir. nmmly based upon tlie results of the work of the Porcupine expedition, and

ho also finished the monograph on the stalked crmoids wliich had been obtained by

the Challingrr. This latter is niucli more comprcliensivo in scope than is indicated

by its title, for it includes a valuable discussion of the morphologj' both of the coma-

tulids and of the stalked species.

In 1S85 Boll published a lust of the Australian crinoids which had been sent to

the International Fisheries Exhibition ui London. This list was published in New

South Wales, and was the first contribution to the study of the recent crinoids,

properly identified as such, to be printed hi Australia.

Bell ui 18S7 reportinl ui)on a collection of echuiodcrnis from the Andaman

Islands, which included a single crinoid; this ho refrained from nammg, as the same

species also occurred in a collection from the IMei^ui Archipelago that had been

assigned to Carpenter for report. Carpenter later called it Antedon andersoni

(Pontiometra andersoni).

In the year 1S8S the great Challenger report was published, which, though

based upon the Challenger collections, amounts to a complete and thorough mono-

graph of the group; this work brought the knowledge of the comatulids up to date,

and has ever since served as a foundation upon wliich authors have built.

The foliowdng classification of the comatulids was adopted by Carpenter in

this volume:

"I. Crinoids ivith the calyx closed below by the enlarged top joint of the lar\'al stem, which

develops cirri and generally separates from the stem joints below it, so that the calyx is free. The

basals may form a more or less complete ring on the exterior of the calyx, or be only represented by an

internal rosette. Five or ten rays, cither simple or more or less divided. The first axillary is the

second, or (very rarely) the first, joint abo\e the calyx-radials. Definite interradial plates usually

absent. The mouth central, except in one genua.

Family Comatulidx d'Orbigny.

A. Centre-dorsal has no articular facet on its lower surface.

a. Five rays.

i. Mouth central or subceutral. Oral pinnules have no comb.

Radials separated by interradials 1. Thaumatocrinus.

Radiala united laterally.

1. Basals persist as a closed ring. No pinnules on lower

brachials 2. Atelecrimts.

2. Uasal ring incomplete or invisible externally.

I. Five arms only 3. Eudiocrinus.

II. Ten arms 4. Antedon.

ii. Mouth excentric or marginal. Oral pinnules have a terminal comb. 5. Actinometra.

b. Ten rays 6. Promachocrinus.

B. Centro-dorsal has an articular facet below 7. Thiollicricrinus."

These genera contained in all 188 recent species, divided among them as foUo'ws:

Thaumatocrinus 1

Atctecrinus 3

Eudiocrinus 5

Antedon 122

ActinometTa 54

Promachocrinus 3

( Thiollicricrinus 1)
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Carpenter did not subdivide the genera Antedon and Actinometra, but he
arranged the species in a number of more or less well defined groups for the better
appreciation of their differential specific characters (but not of their specific inter-

relationships), as follows:

Antedon.

Series I. The two outer radials united by syzygy. (This includes only the

"Elegans group"; Carpenter did not employ this name in the Challenger

report, introducing it for the first time in his report on the comatulida of

the Mergui Archipelago, 1889.)

Series II. The two outer radials articulated; 10 arms.

The radials and lower brachials have flattened sides; pinnule ambulacra
generally plated 1. "Basicurva group."

The rays not flattened laterally. Pinnule-ambulacra well plated 2. "Acoela group."
The first two or three pairs of pinnules long and flagellate, with numerous

short and wide joints 3. "Eschrichti group."

The joints of the lowest pinnules, which are often long and slender, are

longer than wide, frequently very much so 4. "Tenella group."

The first pair of pinnules is comparatively small, and their joints but

little longer than wide; one or more of the second, third, and fourth

pairs are longer and more massive, with stouter joints than their suc-

cessors 5. "Milberti group."

There are in addition six lO-armed species which Carpenter does not assign to

any of the preceding groups.

Series III. Two articulated distichals.

Bidistichate species with the radial axillaries and some of the following

joints more or less wall-sided, and a well marked ambulacral skeleton

on the pinnules 6. "Spini/era group."

Bidistichate species with an unplated disk and no definite ambulacral

skeleton. The sides of the lower brachials are scarcely, if at all,

flattened. The first pinnule smaller than its successors 7. "Pa^/nata group."

Series IV. Three distichals, the first two articulated, the third axUlary with a

syzygy.

Tridistichate species with plated ambulacra and the lower parts of the

rays flattened laterally 8. "Granulifera group."

Tridistichate species with an unplated disk and no definite ambulacral

skeleton; the bases of the rays are not flattened laterally 9. "iSoCTjnyi group."

Actinometra.

Series I. The two outer radials and the two first brachials respectively united

by syzygy.

Ten arms 1. "Solaris group."

Two distichals, united by syzygy 2. "Paxtcicirra group."

Three distichals, the axillary a syzygy 3. "Typica group."

Series II. The two outer radials articulated; 10 arms 4. "Echinoptera group."

Series III. Two articulated distichals.

Two articulated distichals. The palmars and subsequent series, when

present, are of the same character; but the first two brachials are

united by syzygy 5. "Stelligera group."

Two articulated distichals; the first arm syzygy in the third brachial 6. " Valuia group."

79146°—Bull. 82—15 i
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Seriee IV. Three distichals, the first two articulated, and the third axillary

with a syzygy.

Tridistichate species with a pinnule on the first brachial and a syzygy in

the second. The palmar and post-palmar aeries, when present, con-

sist of two joints, the first bearing a pinnule, and the second axillary

with a syzygy 7. "Fimbriaia group."

Tridistichate species, with a pinnule on the second brachial and a syzygy

in the third 8. "Parvicirra group."

The following species of comatulids were considered as valid by Carpenter,

and were included by him in the Cliallenger report:

THAU^UTOCRINUS.

Thaumatocrinus renovalus Thaumatocrinus renovatus.

ATELECRINUS.

Atelecnnus balanoides AteUcrinus halanoides.

AUUcrinxts wyvillii Atelecnnus icyviUii.

AteUcrinus cubensis Atelecnnus halanoides.

EUDIOCRINUS.

Eudiocrinus indivisus Eudiocrinus indivUus.

Eudiocrinus x'arians Pentametrocrinus varians.

Eudiocrinus semperi rentamctrocrinus semperi.

_ ,. . . . (Pentametrocrinus japonicus.
Eudwcnnus laponuMS \ ,, , , . . , , ,

•'
'^

yPentametrocnnus tuberculatus.

Eudiocrinus athnticus Pentametrocrinus atlanticus.

ANTEDON.

Series I.

Antedon fiucluans Zygomelra elcgans.

Antedon muUiradiata Zygomctra microdiscus

.

Antedon microdiscus Zygometra microdiscus.

Series II.

" Basicurva group. '

'

Antedon longicirra Asterometra longicirra.

Antedon valida Aglaometra ralida.

Antedon incerta Aglaometra inccrta.

Antedon gracilis Thalassometra pergracilis

Antedon lusilanica Thalassometra lusitanica.

Antedon breviradia Stiremetra breviradia.

Antedon spinicirra Stiremetra spinicirra.

Antedon acutiradia Stiremetra aculiradia.

Antedon bispinosa Thalassometra bispinosa.

Antedon latipinna Thalassometra latipinna.

Antedon multispina Thalassometra multispina.

AnUdon echinata Thalassometra echinata.

Antedon basicurva Charilometra basicurva.

Antedon incisa Charitometra incisa.

Antedon tuberota Glyptometra tuberosa.
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Antedon parvipinna Slrotomeira parvipinna.

Anledonflexilis Pachylometraflcxilis.

Antedon aculeata Chlorometra acuUala.

Antedon denticulata Amphimetra denliculata.

Antedon pusilla Perometra pusilla.

" Accela group."

Antedon acxla Pcecilometra acaela.

Antedon discoidea Calometra diicoidea.

" Eschrichti group."

Antedon eschrkhti Heliomelra gladalis.

Antedon antarctica Solanometra antarctica.

Antedon amtraUs Solanometra antarctica.

Antedon rhomboidea Florometra rmgellanka.

Antedon quadrata Heliometra glacialU.

Antedon magellanica Florometra magellanua.

" Tenella group."

(Leptometra phalangium.
Antedon phalangium [Leptometra celtica.

Antedon hystrix Hathrometra prolixa.

Antedon prolixa Hathrometra prolixa.

/(All the smaller species belonging to

Antedon tenella \ fij^ gp^us Hathrometra.)

Antedon exigua Hathrometra exigua.

(Thaumatometra altemata.

Antedon altemata Thaumatometra ajpris.

Trichometra persina.

1
Antedon bifida.

Antedon moroccana.

Antedon hupferi.

Antedon medilerranea.

Antedon adriatiea.

Antedon petasus Antedon petasus.

(Antedon diibenii.

Tropiometra picta.

Antedon Kneata Isometra angustipinna.

Antedonremota Thaumatometra remota.

Antedon longipinna Thaumatometra longxpinrui.

Antedon tenuicirra
Thysanometra tenmctrra.

AnUdonlxvis Thaumatometra Icevu.

Antedon hirsuta
Eumorphometra hirsuta.

Antedon angustipinna Isometra angustipinna.

Antedon abyssorum Thaumatometra abyssorum.

{Bathymctra abyssicola.

Bathymelra carpenteri.

" MUberti group."

Antedon pinniformis
Amphimetra pinnifonnis.

Antedon serripinna Oligometra semptnna.

Antedon carpmteH Oligometra carpenteri.
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AnUdon pumila Compsometra loveni.

{Amphimetm milberti.

Amphimetra molleri.

Amphimetra discoidea.

Antedon Ixvissima Amphimetra hcvissima.

Antedon tessdlata (?)

Antedon perspinosa Colohometra perspinosa.

Antedon anceps Amphimetra anceps.

Antedon variipinna Amphimetra crenulata.

' Tropiometra encrinus.

Tropiometra carinata.

Antedon carinata < Tropiometra indica.

I

Tropiometra audouini.

{^Tropiometra picta.

Antedon parvicirra Iridometra parvicirra.

Antedon informis Decametra informis.

Antedon loveni Colohometra perspinosa.

The six following 10-armed species do not fall into any of the groups previously

given:

Antedon bidens Oligometrides adeonx.

Antedon adeonx Oligometrides adeonse.

Antedon Ixvipinna Amphimetra milberti.

Antedon balanoides Balanometra balanoides.

Antedon dejecta Jlypalometra dejecta.

Antedon impinnata (?)

Six other lO-armed species are mentioned by name, but are not discussed;

these are:

Antedon armata Analcidometra armata.
Antedon brevipinna (?)

Antedon columnaris Zenometra columnaris.
Antedon cubensis Antedon cubensis.

Antedon duplex Horxometra duplex.

Antedon hageni Coccometra kagenii.

Series III.

" Spinifera group."

Antedon macrmiema IPtilometra macronema.

iPtilovietra millleri.

Antedon quinquecostata Stenometra qulnquecostata.
Antedon spinifera Stylometra spinifera.
Antedon duplex Horxometra duplex.
Antedon lusitanica Thalassometra lusitanica.
Antedon flexilin Pachylomelraflexilis.
AnUdon patula Pachylometra patula.
Antedon robusta Pachylometra robusta.
Antedon pourtalesi Crinometra granulifera.
Antedon brevipinna Crinometra brevipinna.

Antedon compretsa IParametra compressa.

XParamelra granulifera.
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"Palmata group."

Antedon manca Cyllometra manca.

Antedon disdformis Cyllometra disciformu.

Antedon clemens AmphimetTa anceps.

Antedon marginata Stephanometra marginata.

Antedon tuherculata Stephanometra tuherculata.

Antedon spicata Stephanometra spicata.

Antedon indica Stephanometra indica.

Antedon protecta Lamprometra prolectus.

Antedon conjungens Lamprometra protectus.

Antedon sequipinna Lamprometra protectus.

Antedon Ixvicirra Lamprometra protectus.

Antedon imparipinna Lamprometra protectus.

Antedon reginse Lamprometra gyges.

Antedon gyges Lamprometra gyges.

Antedon palmata Lamprometra palmate.

Antedon breiicuneata Lamprometra protectus.

Antedon similis Lamprometra similis.

Antedon occulta Lamprometra protectus.

Antedon articulata Liparometra articulata.

Antedon regalis Liparometra regalis.

Antedon elongata Dichrometraflagellata.

Antedon Jlagellata Dichrometraflagellata.

Antedon bimaculata Dichrometra bimaculata.

Series IV.

" Granulifera group."

Antedon angusticalyx Pachylometra angusticalyx.

Antedon insequalis Pachylometra ina:qualis.

Antedon granulifera Crinornelra imbricata.

Antedon distincta Pachylometra distincta.

Antedon multispina Thalassoinetra multispina.

Antedon porrecta Crotalometra ponecta.

"Savignyi group."

Antedon angusliradia Adelometra angustiradia.

Antedon reynaudi Heterometra reynaudii.

Antedon savignyi Heterometra savignii.

Antedon anceps Amphimetra anceps.

(Amphimetra crenulata.
Antedon variipinna Umphimetra variipinna.

Antedon quinduplicava Heterometra quinduplicavc.

Antedon acutidrra Craspedometra acutieirra.

Antedon ludovici Craspedometra acutieirra.

Antedon philibcrti Amphimetra philiberti.

Antedon bipartipinna Craspedometra acutieirra.

ACTINOMETRA.

"Solaris group."
jComatula purpurea.

Actinometrapectinata Xcomatula pectinata.

Actinometra Solaris Comatula Solaris.

Actinometra brachiolata Coviatulella brachiolata.
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" Paucicirra group."

Actinotneira paucicirra Comalula rotalaria.

" Tyfica group."

Actinometra distincta Comaster distincta.

Actinomdra lypica Comaster tijpim.

Aclinomelra nova'-guinex Comaster novieguinex.

Actinometra multibrachiata Comaster multibrachiata.

Series II.

" EcMnoptera group."

Actinometra echinoptera Comaclinia echinoptera.

Actinometra pulchella Comactinia echinoptera.

Actinometra blakei (nomen nudum) (?)

Actinometra meridionaiis Comactinia meridioTialis.

Series III.

"StelUgera group."

Actinometra pulchella.

Neocomatella alata.

Neocomatella atlantica.

Neocomatella europiea.

Pahrocomatella difficilis.

Actinometra maculata Comatella maculata.

Actinometra slelligera Comatella stelligera.

Actinometra nigra Comatella nigra.

" Validtt group."

Actinometra elongata Comanthus parvicirra.

Actinometra simplex Comanthus parvicirra.

Actinometra rotalaria Comanthus parvicirra.

Actinometra valida Comanthus annulata.

Series IV.

" Fimhriata group."

Actinometra fimhriata Capillaster multiradiata.

Actinometra coppingeri Capillaster multiradiata.

Actinometra bomeensis , Capillaster multiradiata.

{
Capillaster mariic.

Capillaster multiradiata.

Capillaster coccodistoma.

Actinometra tentosa Capillaster sentosa.

Aclinomelra lineata Nemaster lineata.

Actinometra discoidea (nomen nudum) (?)

"Parvicirra group."

Actinometra parvicirra

Comanthus annulata.

Comanthus samoana.

Comanthus parvicirra.

Comaster distincta.

Actinometra quadrata Comanthus parvicirra.
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Actinometra trichoptera Comanthus Inchoptera.

Adinometra japonka Comanthus japonica.

Actinometra multifida Comaster multifida.

Actinometra variabilis Comaster multifida.

Actinometra grandicalyx Comantheria grandicalyx.

ActinoTnetra altemans Comantheria altemans.

Actinometra briareus Comantheria briareiis.

Actinometra divaricata Comantheria briareus.

Actinometra magnifica Comantheria magnifica.

Actinometra belli Comaster belli.

Actinometra duplex Comanthina schlegelii.

Actinometra nobilis Comanthina schlegelii.

Actinometra robuslipinna Himerometra robustipinna.

Actinometra littoralis Comanthus annulata.

Actinometra regalis Comanthina schlegelii.

Actinometra schlegeli Comanthina schlegelii.

Actinometra peroni Comanthus bennetti.

Actinometra bennetti Comanthus bennetti.

PROMACHOCRINUS.
Promachocrinus herguelensis Pro7nachocrinus hergitelensis

.

Promachocrinus abyssorum Thaumatocrinus renovatu^.

Promachocrinus naresi Thaumatocrinus naresi.

Besides the systematic account of the various species, the Challenger report

contains a vast amount of information on the morphology of crinoids, and an

exhaustive discussion of the relation between the recent and the fossil species.

Most of this, however, is included in the volume on the stalked crinoids published

in 1884.

The myzostomes found upon the crinoids which were studied by Carpenter

were, as previously noted, sent to Prof. Ludwig von Graff, who reported upon them

in four papers (1877, 1883, 1884, and 1887) in which he included many manuscript

names which had been furnished him by Carpenter and by Semper.

In the same year that the Challenger report was published Bell reported upon

a small collection of crinoids which had been sent him by Mr. J. Braccbridge Wilson

from Port Phillip, Victoria; among them were two forms which he described as new,

under the names of Antedon wilsoni {Ptilometra macronema, juv.), and A. incommoda

( Compsometra incommoda).

In 1889 Professor Bell reported upon a collection of echinoderms made at

Tuticorin, in the Madras presidency, by Mr. Edgar Thurston, and also upon some

echinoderms obtained off the southwest coast of Ireland. Mr. James A. Grieg also

recorded some crinoids which had been dredged in Vestlandske Fjord.

Professor Bell had received some additional examples of the species which he

had described in the Alert report as Antedon pumila, and had discovered that the

first pinnule was the longest, and not short as he had stated, he having been misled

by the broken condition of the original specimens. His Antedon inconimoda was

supposed to differ from the earher ^4. pumila through the greater length of the first

pinnule, but this dift'erence being now sho\vn to be nonexistent, he now relegated

the former to the synonymy of the latter, though, curiously enough, the two are

well differentiated on other characters.
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The chief paper of the year was Carpenter's account of the comatulids of the

Mergvii Arcliipehigo, hnsed upon a collection made by Mr. John Anderson. In this

paper the following comatulids are noticed:

AtiUdon eUgans ZygomHra comata.

Anledon andersoni, ep. nov Pontiometra andersoni.

Antedon milberti Amphimelra milberti.

Anledon spicata Stephanometra spicata.

Antedon conjungens Lamprometra protectus.

Aetinomelra notata, sp. nov Comalella stclligera.

The difficulties attending the use of the various specific groups instituted by

Carpenter were first brought to notice by this article, for he referred Actinometra

notata to the " Paucicirra group" in which lie described it as a new species near

Act. paucicirra; it really belongs in the " Stelligera group," and had Carpenter

placed it here lie would have seen at once that it is the same as the Actinometra

stelligera described at great length in the Challenger report. It is in this paper that

Carpenter gives to the Series I of Antedon the name of " Elegans group; " at first he

had considered the single species represented in the collection as new, and when he

sent some myzostomes wliich he found upon it to Professor von Graff he gave him

the name of Antedon comata for it. Later he decided that it was the same as the

AustraUan species described by Boll, and suppressed the name. It has been recently

shown, liowever, that his first decision was correct.

Aside from some papers of purely local interest, the chief contribution in 1890

was the prehminary ])a])cr by Dr. Clemens Ilartlaub describmg a large number of

new forms from the Indian Ocean. The complete work on the littoral comatuhd
fauna of the "Indian Archipelago" appeared in 1891; it is exhaustive in its treat-

ment, and, besides most excellent descriptions (accompanied by figures) of all the

new species, includes rcdcscrijitions of many imperfectly known forms, taken from

the tj'pes. During the preparation of this work Hartlaub was in constant com-
munication with Dr. P. H. Carpenter, to whom he referred several of the more
difficult problems; it thus comes to have an additional authoritativeness, as it

embodies to a certain extent conclusions reached by Carpenter from a study of

material upon wliich he never publislied. Hartlaub identified many of Liitken's

nomina nuda, placing them correctly in the synonymy.
The species considered by Hartlaub are:

Antedon bcngalensis, sp. nov Eeterometra bengaknsis.

Antedon martensi, sp. nov Himcrometra martensi.

Antedon kraepelini, sp. nov Eimerometra robuslipinna.

Antedon brocHi, sp. nov Amphimetra variipinna.

Anledon affinu. sp. nov Eeterometra affinis.

Antedon ncmatodon, sp. nov Amphimetra nematodon.

Anledon ludovici
\Craspcdometra amboinx.

[ Craspedomelra arulicirra.

Anltdon crassipinna, sp. nov Eimerometra robiistipi'^na.

Antedon clarx, sp. nov Petasometra clarir.

Anledon bella, sp. nov Caiometra bella.

Antedon bella, var. brunnea, var. nov Cenometra brunnea.
Anledon klunzingcri, sp. nov Lamprometra palmala.
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ArUedon finschii, sp. nov Oxymetra finschii.

. . J , , I Lamprometra palmala.
Antedon palmata {^ '^

'^

[ Lampronutra protectus.

Antedon erinacea, sp. nov Oxymetra erinacea.

Antedon tenuipinna, sp. nov Slephanonulra tenuipinna.

Antedon oxyacantha, sp. nov Slephanometra oxyacantha.

Antedon trwnacantha, sp. nov Slephanometra monacantha.

Antedon spinipinna, sp. nov Stephanometra spinipinna.

Antedon imparipinna Lamprometra protectus.

Antedon tenera, sp. nov Lamprometra gyges.

Antedon brevicuneata LamproTnetra protectus.

Antedon elongata
1 tn- .... „ „ . > Dichrometra flagellata.

Antedon flagellata )
•' "

Antedon conifera, sp. nov CosmioTnetra conifira.

Antedon -inaeronema Ptilometra miilleri.

Antedon andersoni Pontiometra andersoni.

{Amphiinetra molleri.

Amphimetra milherti.

Amphimetra discoidea.

Antedon serripinna Oligometra serripinna.

Antedon japonica, sp. nov Oligometra japonica.

, , , . ( Colohometra vepretum.
Antedon perspinosa 1^,1 , .

(
tolobometra perspinosa.

Antedon afra, sp. nov Tropiometra afra.

Antedon hupferi, sp. nov Antedon hupferi.

Antedon nana. sp. nov Iridometra nana.

Actinom£tra divarixata Comantheria briareus.

(Comanthina schlegelii.

Comanthus samoana.

Comanthus parvixirra.

Actinometra regalis Comanthina schlegelii.

Actinometra coppingeri Capillaster multiradiata.

Actinometra macrobrachius, sp. nov Capillaster macrobrachius.

Actinometra fimbriata Capillaster multiradiata.

Actinometra multiradiata Capillaster multiradiata.

Actinometra stelligera Comatella stelligera.

Actinometra maculata Comatella maculata.

Actinometra pulchella Comatella maculata.

Actinometra Solaris Comatula Solaris.

Actinometra pectinata Comatula pectinata.

Actinometra brachiolata Comalulella brachiolata.

Actinometra typica Comaster typica.

Actinometra gracilis, sp. nov Comaster gracilis.

Ill addition to the new species indicated above, Hartlaub described in the pre-

liminary paper Antedon lepida, A. protecta, and A. amhoinensis, wliich he later re-

ferred to Antedon palmata, A. imparipinna, and A. brevicuneata, respective!}'; all

three of them are sj'nonyms of Lamprometra protectus.

Dr. P. H. Carpenter in 1S91 published a paper on a small collection of crinoids

from Madeira, in which he discussed tlie vexed question of the synonymy of the

common European species, combining as a single form all the species which are now

understood as constitutmg the genus Antedon: and Canon Norman wrote a short

note in which he called attention to the fact that Actinometra, as used by Carpenter
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ill tlio Cliallenger report, is clearly preoccupied by the Comaster of Agassiz. The

perversion by iliiller of this latter name is explained, and for Comaster, as used by

Miiller (that is, with the type Comatula multiradiaia Goldfuss, not Lamarck=J Zecto

brnneUi Miiller), lie suggested tlie term Goldfussia, which, however, was promptly

shown by Dr. F. A. Bather to be preoccupied and therefore unavailable.

The work of the two Frencli steamers, the TravaiUeur and the Talisman, had

resulted in tlie discovery of many interesting crinoids oif tlie coast of southern

Europe and northwestern Africa. Scattered references to these are found in the

writings of E. Pcrrier, Captain Parfait, de Folin, and of the Marquis de Filhol,

but tliey are mostly very indefinite and unsatisfactory. Interest in these crinoids

appears to have soon died out, and no detailed report upon them has as yet been

published.

In 1S92 Professor Bell recorded some crinoids which had been dredged off the

west coast of Ireland, and described a new species from Mauritius, Antedon emen-

datrix {Cenometra emendatrix) whicli is difficult to understand owing to the inade-

quateness of the description and to the lack of correlation between the description

and the figures. In the same year he pubhshed a useful epitome of the knowledge

in regard to tlie British comatulids. Tlio account of the comatulids which had

been collected by the Norwegian Xorth Atlantic Expedition, by Prof. D. C. Dan-
ielssen, also appeared in this year, as well as a list of Norwegian species, by Miss

L. Buckley, from the drcdgings of the steam yacht Argo.

In 189.3 Professor Bell rcjjortcd upon a small collection of crinoids from the

Sahul Bank, north of Australia, describing one new species, Antedon wood-masoni

(Cosmiomeira woodmasoni)

.

In 1S94 de Loriol again recorded Tropiometra carinata from Mauritius; Prof.

Georg Pfeffer recorded some species from east Spitzbergen; Mr. Edgar Thurston

recorded a number of forms from various localities in southeastern India, the

identifications iiaving been furnished by Professor Bell, and Professor Bell published

an account of the crinoids of Macclesfield Bank, near the Pliihppines, adding to

it lists of the species known from northwestern Australia and from the Arafura
and Banda Seas. The crinoids he gives are:

Macclesfield Bank.

Eudiocrinus granulatus, sp. nov Eudiocrinua indivisu».

Antedon carinata Oligometra serripinna.

Antedon 7spicata Stephanonutra tuberculata.

AnUdon inopinata, 8p. nov Jlimerometra robustipinna.

Antedon bassett-smithi, sp. nov Comatclla slelligera.

Antedon vicaria, sp. nov Mariamelra vicaria.

Antedon bmicirra, sp. nov Comaster dUtincta.

Antedon Jlavomanilnta, sp. nov Stephanometra monacantha.
Antedon moorei, sp. nov Lamprometra protectus.

Antedon fieldi, sp. nov (7)
Antedon fvariispina Mariametra vicaria.

Adinometra fimbriala Capillaster multiradmla.
Actinomelra parvicirra Comanthus parvicirra.

Adinometra bennetli Comanthus bennetti.
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Actmometra simplex Comatella maculaia

Actinometra duplex
Corrmnthxna schlegelu.

Actinometrarmiculata
Comatella stelhg<ra.

Actinovutra rotalaria
Comanthus parvxcirra

Actinometraregalis
Co.u,sler mulHbrarhata.

Actmometra peregrina, sp. nov Comissm peregnna.

Northwest Australia.
jAmphimelra di^coidea.

Antedon milberti Xoiigometra carpenteri.

Antedonserripinna
Oligonutra carpenteri

Antedon variipinna
Amphtn^ira crenulata.

Antedon, sp. ("near macron^ma ")
Cenometra comuta.

(Comatula pectinata.

Actinomelra pectinata Xcomatula purpurea.

ActinometranoUlis
Comaster belli

, ,. , „ „„•„„ Comatula rota tana.
Actmometra paucieirra X, , ...

(Comatula pectinata.

Actinometra parvicirra Xcomantheria briareua.

Actinometra variabilis
Comanthn. parvicirra.

(Comaster lypica.

Actinometra multifida XcomantUna belli.

Actinometra multiradiata Capillasler multiradiata.

Arapura and Banda Seas.

Actinometra maculata Comatella maculata.

•

In 1895 Dr Clemens Hartlaub published a paper on some comatuUds from

the Bay of Panama, the first definitely known from the eastern Pacific, announcmg

the important discovery of Florometra (Carpenter's "Esclirichti group oi Ante-

don) ^vithin the tropics, and extending the known range of one^species of that

eenus {Florometra magellanica) from the Straits of Magellan to Panama; at the

same fime he described a new species of Florometra from Panama, and three spe-

cies of other genera from the Galapagos Islands; in an appendix he described a

new Lamfrometra from Gaspard Strait, between Banka and Bdleton. The species

mentioned by him are:

... „„ „„.„ Thalasso7tietra agassizii.
Antedon agassizn,BV. nov

„„;;„„,•,/.
. , • J Florometra magellanica.

Antedon rhomboidea
, . ._•

. , ,
. „„„ Florometra tannen.

Antedon tannen,s^. "OlOV ^, . , i

, J ,
' „„„ Thaumatometra parvula.

Antedon parvula, sp. nov
, i- j .

, " V- J =„ „nv. Psathyronutra bigradata.
AnUdor^b^gradala, sp.no^

. . .Trichomctra, sp.
Antedon,sp

Psathyrometra, s^p.

^n(6rfon,8p ..^.^-.^
I^ „„,„a sublilis.

Antedon subtihs, sp. nov '^

In this paper Hartlaub suggests the foUowing arrangement of the comatulids:

I Series I. Species with plated ambulacra:

(a) The two outer radials articulated.
|..B„^„n-a group."

Ten arms \" Acoela group."

,.,.,, ''Spinifcra group."
Twodistichals.^ ....;...'.'.'.'.''-.'.'- -GranuUfera group."

(6) The two outer radialV united by syzygy " Ekgans group."
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II. Series II. Species with unplated ambulacra:

("
Eschrichii group.

"

''i1/i76(T(i; group."
'• Tcnclla group."

Two distichals
- Pahnatagrow^."

Three distichals "Savignyi group."

In this year also Hara described Antedon inacrodiscus ( Tropiometra macrodiscus)

from Japan, at the same time mentioning the fact that Comanthus japonica is

al)undant at Misaki. Prof. E. von Marenzeller gave a detailed account of the

occurrence of comatuUds in the eastern Mediterranean; and Prof. Ren6 KoeUer

described a new form, Antedon flnva {Crotalometra fiava) from the dredgings of

the French steamer Caiidan, and in addition recorded a number of species from

Amboina. In tlxis last pa])er he records Comanthus hennetti under the name of

Actinometra rohustipinna, being unaware that the tyjie-specimen of the latter is

an endocychc example, representing a species in the "Savignyi group" of Carpenter.

In 1898 Prof. Ludwig Doderlein pubhshed the results of his study of a small

collection of comatuUds from Amboina and Thursday Island; the species noted

by him were the following:

Antedon elegans Zygomctra clcgans.

Antedon microdisciis Zygomctra mirroducui.

Antedon bidcns Oligonutrides adconx.

Antedon ludovici Craspedometra acuticirra.

Antedon imparipinna LampromHra protects.

Actinometra peclinata Comatula pectinata.

Actinometra Solaris Comatula Solaris.

Actinmnetra paucidrra Comatula rotalaria.

... . , „. \ComastcT multifida.
Actvnomelra belli < „ , , „.

[Comaster belli.

{Comanthus annulata.

Comanthus parvicirra.

Actinonutra regalis Comanthina schlegelii.

In the following year Prof. Hubert Ludwig discussed the crinoid fauna of Zan-

zibar, adding to the species already known from the region Antedon flagellata (Dich-

rometra fiageUata, var. afra), and recapitulating the previous records of others. At

the same time he published a paper on the crinoids of the Magellanic region, taking

the opportunity to compare the arctic and the antarctic faunas. Professor Bell

in the same year recorded the ecliinodcrms which had been obtained by Mr. J. Stan-

ley Gardiner at Rotuma and Funafuti; there was only one comatuhd {ComatcUa

maculata) among them. He also pubhshed a list of the species wliich were obtained

by Dr. Artluir Willey during liis expedition to the Pacific in search of tlie eggs

of the pearly nautilus. The species mentioned in this latter paper are:

Antedon indica Lamprometra prolectus.

Antedon titberrnlala Slcphanomctra tuberculata.

Actinometra grandicalyx Comanthus bainelli.

... ... [Comaster ttipica.
Actinometra typica \„ ,

..."^
\Comast4r gracilis.

Actinometra hennetti Comanthus hennetti.

Actinometra parvicirra Comanthus parvicirra.
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Prof. Georg Pfeffer in 1900 published a list of the comatulids which had been
obtained at Ternate by Prof. W. Kiikenthal, and Prof. Percival do lAjriol described

Antedon doderleini {DicJirometra doderleini) from Japan.

It was in 1900 also that Prof. Carl Chun brought out his interestmg semi-

popular account of the cruise of the German steamer Valdivia, in which he figures

a new species of Eudiocrinus (Pentametrocrinus) which was dredged off the coast

of Somaliland, thus extending the known range of the genus in the Indian Ocean
from the eastern portion of the Bay of Bengal, whence a specimen had been recorded,

without a specific name, by Wood-Mason and Alcock in 1891.

The only paper of general interest in 1901 was Prof. Hubert Lyman Clark's

memoir on the echinoderms which had been collected by the Bureau of Fisheries

steamer Fish HawTc about the shores of Porto Rico. In this paper he mentions

the following species

:

Antedon hagenii Coccometra nigrolineata.

Actinometra meridionalis Comactinia echinoplera.

Actinormetra rubiginosa Comactinia echinoplera.

In the year 1904 Mr. Frank Springer described Actinometra iowensis (Nemaster

iowensis) which had been obtained in three feet of water on the Florida reefs; and
for the first time described covering plates, comparable to those seen in many of

the endocycUc forms, in a comasterid. In the same year Professor Bell pubhshed

a hst of the comatuHds which had been collected by Mr. J. Stanley Gardiner in the

Maldive and Laccadive archipelagoes, noting the following:

{Amphimetra producta.

Amphimctra molleri.

Decamelra taprohanes.

(Decametra mobiusi.

Amphinutra producta.

Amphimetra molleri.

Antedon palmata Himerometra sol.

Antedon indica Comaster gracilis.

Antedon variipinna ?

Actinometra typica Comanthina schlegelii.

Actinometra fimbriata Capillaster multiradiata.

Actinometra multiradiata Capillaster multiradiata.

Actinometra sentosa Capillaster sentosa.

Actinometra maculata Stephanometra indica.

In a paper on the echinoderms of East Greenland, pubhshed in 1904, Dr.

Theodor Mortensen calls attention to the presence of covering plates along the

ambulacra of Antedon eschrichtii {Heliometra glacialis), and suggests that valid

systematic characters may be found in the structure of the outer pinnules of the

comatulid arms, wliich have hitherto been quite neglected from a systematic stand-

point. In the same year Mr. Herbert Chfton Chadwick publislied a Hst of the

comatulids which had been collected by Prof. W. A. Herdman at Ceylon during

his investigations of the pearl oj'ster fisheries about that island. The species

recorded by Chadwick are

:

Antedon serripinna Oligomctra serripinna,

Antedon milberti Amphimetra milberti.
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AnUdon carinata Tropwmetra indica.

Antedon marginala SUphanometra marginata.

Antedon indica Stephanometra indica.

Antedon bella Cenometra hcrdmani.

Antedon oheUi, sp. nov Lamprometra protectus.

AnUdon reynawdi Eetemnutra reynaudii.

Antedon anceps Eeterometra bengalensis.

Antedon variipinna Eeterometra reynaudii.

Actinonetra notata Comatclla stelligera.

Actinometra multiradiata Capillaster multiradiata.

{Comanthus annulata.

Comanthns parmcirra.

Comissia chadwicki.

In 1005 Professor Bell recorded four species of comatulids from South Africa,

three of wliich he described as new, all in "groups" widely different from those in

which they belong; the four species are:

Antedon capenxis, sp. nov ... Tropiometra carinata.

Antedon sclateri, sp. nov Pachylometra sclateri.

Antedon magnicirra, sp. nov Crotalometra viagnicirra.

Actinometra parvicirra Comanthus xvahlbergii.

In 1905 also was pubUshed Wilhclm Minckert's important and instructive

treatise on autotomy and arm regeneration, with especial reference to the syzygy;

in this he proposed a new "group," the "Brevipinna group," to receive species from

the "Basimrva," "Spinifera," and "Granulifera" groups of Carpenter in which the

IIBr series are either 2 or 4 (3 + 4) indiscriminately; but he evidently had a very

hazy idea of the specific interrclationsliips of the forms within the group, as his

group type comprises at least four distinct species. In another paper published at

the same time he very rightly splits Carpenter's genus Promacliocrinus into two
components {Promachocrinxf^ and Decametrocriniis) , but very iUogicaUy creates the

family Dccametrocrinidse for their reception, or as an equivalent to the old genus

Promacliocrinus, his final arrangement being little, if any, in advance of that of

Carpenter; a new species of Promacliocrinus as restricted {P. vanhoffenianns; a
synonym of P. Icerguelensis) is described, and the suggestion is made that the

comatulids be recognized as a distinct order under the name of Eleutherocrinoidea

(having notliing to do with the pentremite genus Eleutherocrinus) , the stalked

crinoids to be considered as representing another order, the Stylocrinoidea.

In in07 Dr. Hubert Lyman Clark recorded two comatuUds wliich had been
obtained by Mr. Alan Owston off southern Japan and given by liim to Mr. Thomas
Barbour; these were: Tropiometra macrodiscv^ and Cyllometra manca {C. albo-

purpurea).

In 1908 Mr. Chadwick pubhshed an account of a collection of coniatidids brought
together by Mr. Cyril Crossland during Professor Herdman's biological survey of

the Sudanese Red Sea; in this paper six species are listed, as follows:

AnUdon serripinna Prometra chadwicki.
AnUdon parvipinna Iridometra legyptica.

Antedon marginata tStephanometra marginata.
Antedon imparipinna Lamprometra palmata.
AnUdon palmata Lamprometra palmata.
AnUdon savignifi Eeterometra savignii.
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Professor Bell in 1909 reported upon a collection of echinodenns made by the
Percy Sladen Trust expedition under the direction of Prof. J. Stanley Gardiner;
the species he records are:

Actinometra multiradiata Comatella maculata.

Antedon carinata ?Cosm.iometra gardineri.

Antedon palmata Stephanometra indica.

Antedon spicata Cenometra emendatrix.

In 1909, also, Professor Koehler summarized, in a magnificent monograph, the

results of the researches of the Princesse-Alice; in this eight comatuUds are included,

as follows

:

Antedon eschrichti Heliometra glacialis.

Antedon lusitanica Thalassometra lusitanica.

Antedon omissa, sp. nov Thalassometra omissa.

Antedon phalangium {Leptonutra celtica.

[LeptometTa phalangium.

Antedon prolixa Hathromctra prolixa.

Antedon rosacea
\Antedon bifida.

[Antedon mediterranea.

Antedon tenella Hathrometra, sp.

Eudiocrinus atlanticus Pentametrocrinus atlanticus.

In 1910 Professor Koehler and M. C. Vaney pubhshed a prehminary note upon
the crinoids collected by the French steamers Travailhur and Talisman, and M.
Vaney described a new species of Promachocrinus (P. jouhini) from the collections

of the Pourquoi Pas? under Dr. Jean Charcot.

Beginning in 1907 the present author published a number of papers on the Cri-

noidea, describing new forms, suggesting new interj^retations for various morpho-
logical and anatomical structures, and developing an entirely new scheme of classi-

fication which it was believed would be more satisfactory than any of the schemes

previously employed. These papers are all preliminary and more or less incomplete

expositions of the matter presented in the present memoir, and it has, therefore,

not seemed necessary to review them in this connection; but an account of the

development by the author of each of the systematic units herein used, showing

the steps by which it has been brought into its present form, is included under each

of the systematic headings.

A study of these preliminary papers shows numerous misconceptions of sys-

tematic and morphological affinities and errors of other kinds, especially among
the earlier ones. These were chiefly the result of lack of material and necessary

dependence upon insufficiently detailed descriptions and figures. It is easy for the

man who docs nothing to avoid making errors; but activity of any kind necessi-

tates occasional mistakes. No thorough revision or comprehensive work of any

kind was ever done without a similar history, and the author feels confident that

his errors will bo found to be no more numerous nor more serious than those of his

predecessors
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HISTORY OK THE INTENSIVE WORK UPON THE COMATULID8.

The preceding sketch shows the gradual development of the systematic side

of the study of the coniatulids from the first beginnings up to the present day;

but beside this constructive work a very considerable amount of intensive work

has been done. This intensive work, whereby our knowledge of single species, but

not of the group as a whole, has been advanced, has been mainly confined to mul-

tijilying records of locality wthin restricted areas.

As might be expected, Antedon bifida is the chief species concerned; but it is

rather strange that out of the very numerous records published of the capture of

this form, by far the greater part are in English journals. Antedon petasus has also

come in for a fair share of attention, but we are rather surprised at the lack of in-

terest which has been displayed in regard to A. mediterranea. Known from the

vicinity of Naples so long ago as 1592, it has been repeatedly recorded from that

district, although other locality records are very few; we do not understand it nearly

so well as we do Antedon bifida in spite of the fact that we have known it for more

more than 100 years longer. Antedon adriatica, although reported as abundant in

the Adriatic Sea, by Olivi, as far back as 1792, has been so neglected that it was

not even differentiated as a valid species until the past year.

The echinoderm fauna surrounding the coasts of Great Britain is now, thanks

to the early and enthusiastic interest shown by the British naturalists in dredging,

fairly well understood; and since the first discovery of Antedon petasus in 1835 and

of Hathrometra sarsii in 1844, but especially since the discovery of Rhizocrinvs lofo-

tensis in 1864, the Norwegian naturalists, particularly M. Sars, Danielssen, Koren,

and J. A. Grieg, have greatly developed the echinoderm fauna of the rich Nor-

wegian coast, and we now have at hand a large mass of data concerning these species.

There has been only a slight and transient interest shown in the comatulids of

the corresponding portion of North America. Retzius described Hathrometra

tenella from "St. Croix" in 1783, and Say described H. dentata from New Jersey in

1825; since then a number of records of their capture in the early explorations by

the ships of the United States Fish Commission (in which, however, both are given

under the same name) have been published by Prof. Addison E. Verrill, but prac-

tically nothing by anybody else, or in recent years.

The western coast of North America remained absolutely a terra incognita so

far as its crinoids were concerned until 1907, in which year many species were

described from the region.

Chiefly within comparatively recent years a notable advance has been made
in the intensive study of the crinoids inhabiting the coasts of Australia. The
first local record, published in Tasmania in 1835 by Wilton, proves to have been

based on some organism not a crinoid. There is the same difficulty with the second

record, published by Sir Richard Owen in 1862. The third record is scarcely more
fortunate, for here a portion of a comatulid is described as a cystidean. Nine years

after this we find described and figured two comatulid pentacrinoid larvse, but they

are given a place in the Porifera instead of in the Echinodermata. Except for these

records and notices of Australian species inserted in comprehensive works. Bell's
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list in the Alert report (1884) is the foundation upon which the knowledge of the
crinoid fauna of Australia must bo built uj). This was followed in the year suc-
ceeding by a list published at Sydney, and in 1888, 1889 and 1S90 by lists and dis-

cussions of Australian species published both in England and in Australia, of which
the most important are the records of Mr. Thomas Wliitelogge and of Prof. E. P.
Kamsay (Sydney) and of the Port Phillip biological survey (Melbourne). In 1894
the foundation was laid for the intensive study of the crinoids of the west coast of

Australia, while within recent years the work of the Hamburg west Australian
expedition and of the local surveying steamers Thetis and Endeavour has done
much to give us a clear idea of the Australian fauna.

The gradual development of knowledge in regard to arctic comatulids must be
considered quite apart from the development of the subject as a whole, for the

axetic regions have been made the scene of a vast amount of detailed investiga-

tion, far exceeding that bestowed upon any other area of equal importance, and
the abundance of reliable records from the seas north of America, Europe, and
Asia finds no counterpart in any other district.

About 40 workei-s have assisted in the elucidation of the arctic comatulids,

the majority taking little or no interest in those of other regions.

So long ago as 1770 comatulids were found in abundance in the Arctic Ocean
and we find many references to them in the writings of the old explorers, more es-

pecially those of Phipps, Scoresby and Dewhurst. Dr. W. E. Leach applied the name
glacialis to the largest, most ciiaracteristic, and most abundant of the Arctic species

some time before 1830, Professor Miiller, ignorant of Leach's work, rechristening it

in 1841. In 1859 Edward Forbes remarked upon the enormous abundance of this

form at Spitzbergen in moderate depths, and since then there has been a continuous

accumulation of data regarding tliis and other arctic species, at first more or less

unsatisfactory but soon becoming definite and exact, so that now we know more
about the arctic species and the bathymetric, thermal, and oecological conditions

under which they live than we do about any one of the species of Antedon occurrmg
along the European coasts, or about any other crinoid.

A detailed history of all tliis Arctic research would be in effect a history of but

a single species, and is therefore reserved until the consideration of Ileliometra

glacialis; but it would be an injustice not to mention the investigators by whom
this history has been mainly written. Beginning ^vith Wright (1866), Wyville

Thomson (1872), Nordenskjold (1876), Sladen (1877) and Stuxberg (1878),"^ who
were the first to present really satisfactory data, we meet with the writings of

Liitken, d'LTrban, von Marenzeller, Hoffman, Verrill, Fischer, P. H. Carpenter,

Ganong, Levinsen, Danielssen, Pfeffer, Drygalski, Schaudinn, the Prince of Monaco,

Doderlein, Hartlaub, Richard, Koehler, Kolthoff, Rankin, Michailovskij, Mortensen,

Schmidt, Grieg and Derjugin. Almost all of these gentlemen published at least

two papers on the subject, and some of them quite a number. Doderlein's contribu-

tion to the "Fauna Arctica" is especially noteworthy in giving a valuable summary
of the records of all previous authors.

79146°—Bull. 82—15 5
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Professor von Marenzeller was the first to indicate that, so fur as its crinoids

are concerned, the fauna of the western part of the Sea of Japan is in reality the

same as that of the iVrctic Ocean nortli of Euroj)e.

GENERAL SUUVEY OP THE HISTORY.

The liistor_v of the doveloi)ment of tlie stud}' of the comatulids is strangely

short when compared to the corresponding history of other groups of marine inverte-

brates. There has been a curious reluctance among investigators in regard to

attempting work upon these animals. But on the whole this is probably a fortunate

circumstance, for few organisms are so baffling and so difficult of systematic analysis,

and few have so well resisted the efforts of able zoologists properly to understand

them.

The four works which may justly be considered as marking the four epochs in

the study of the comatulids are those of Linck (1733), Lamarck (1816), J. Miiller

(1849), and P. II. Carpenter (ISSS), and about these four works the work of all

the other authors may be said to have centered, with a remarkably close corre-

spondence to the model. There has been an absence of originality and of attempts

at revision which is especiall}'' striking when we compare the history of the coma-

tulids with that of the stalked crinoids.

Although many serious errors have been made, and many wholly illogical

methods of systematic treatment proposed, it is perhaps remarkable that the mis-

takes have been so few. One can not help commenting upon the fact that the

study of the comatulids has been followed by so many of the greatest zoologists

of the past two centuries, and how few are the names of men who have not attained

to the highest eminence along other lines.

At the present day the study of the comatulids is in its infancy ; nothing more
than a beginning has been made, even in the systematic aspect, the pliase of the

study of every group which commonly first appeals to the novice. One of the chief

aims of the present contribution is to demonstrate how woeful is our lack of definite

information in regard to even the commonest species, of their systematic interre-

lationshijjs, their habitat, their habits, their life history, their anatomy, and of their

geological significance, not to mention their relations to temperature, depth, pressure,

light, salinity, and in general to all the physics and chemistrj' of their environment,

and to the other animals and the jjlants surrounded by which they live. It is

greatly to be hoped that the present memoir will call attention to these animals

in a way that ^vill result in a great increase in the amount of work upon them,
and will serve as a stimulus and suggestive guide to young investigators looking

for an uncrowded and promising field in which to prosecute their labors, so that we
may, in the not far distant future, appreciate the general tnitlis in regard to their

"natural history," whereby we may, as we can through no other animals so well,

arrive at a clear understanding of many problems in marine biology and in geology.
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GLOSSARY OF TERMS USED IN THE DESCRIPTION OF A COMATULID.

A.

Aboral.—The surface opposite to that which includes the mouth and the anal tube;

the dorsal surface. In life this is the lower surface under normal conditions

(see figs. 77, p. 130, 78, p. 131, 79, p. 132, 80, p. 133, 81, p. 134, 82, p. 135, 101,

p. 163, 107, p. 173, 114, p. 181, 160-162, p. 223, and 163, p. 225).

Adamhulacral.—Bordering the ambulacral grooves.

Adapical.—Aboral or dorsal.

Adolescent autotomy.—See under Autotomy 2.

Adoral.—The surface upon which is situated the mouth and the anal tube; the

ventral surface. In fife this surface is uppermost under normal conditions

(see fig. 117, p. 183, and p. 110 [7]).

Ambulacra.— (1) Shallow grooves running along the ventral (adoral) surface of the

pinnules and arms and travereing the disk, converging at the mouth; they

serve to convey food to the mouth (see figs. 15-19, p. 67, 22-27, p. 69, 45a, p. 79,

and 117, p. 183).

(2) This term as used by Guilding is equivalent to cirri.

Ambulacral grooves.—See Ambulacra (1).

Ambulacral lappets.—Small epidermal folds which border the ambulacral grooves

on either side, giving their margins a scalloped appearance.

Ambulacral plates.—Small plates developed in two rows (more rarely m a single row)

along either side of the ambulacral grooves; the Side and Covering plates taken

together (see figs. 7, p. 63, 18, 19, p. 67, and 55, p. 81).

Ambulacral structures.— (1) AU the structures, both calcareous and noncalcareous,

internal and external, associated with the ambulacra.

(2) The structures in the radial, as opposed to the interradiaJ, portion of

the animal.

Anal appendage.—See Atial process.

Anal area.—The interambulacral area at or near the center of which is situated

the anal tube (see figs. 15-19, p. 67, and pp. 110 [7], 111).

Anal funnel.—See Anal tube.

Anal interradial.—The interradial situated on the margin of the ana^ area.

In cases where there is only one interradial present it is invariably the

anal interradial, and this is then known simply as Anal x.

In recent species if the anal interradial is present, all the other interradials

are also present (see figs. 115, 117, p. 183, and pp. 335-339).

Anal plate.—See(l) Radianal and (2) Anal x.

Anal process.—^The name given to a short segmented process borne on the posterior

interradial (anal x) in the so-caUcd Thaumatocrinus renovatus. Thaumato-

crinus renovatus is the young of tlie species later described as PromacTwcrinus

abyssorum, and the anal process is the rudiment of the first of the interradial

arms to be formed. Similar processes, each developing into an interradial arm,

subsequently appear on all the other interradial plates (see figs. 115-117, p. 183,

and pp. 335-339).
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Aruil tube.—^A flesliy conical tube, usually of considerable height, situated in one of

the interradial areas of the disk (the anal area) and bearing at its summit the

anal opening (see figs. 1.5-19, p. 67, and pp. 110 [7], 111).

AtuiI X.—Tlie interradial situated between the two posterior radials, distal to and

to the left of the radianal if that plate is present . In all the recent forms anal x

ORAL PINNULES
I Br (PRIM1BRACMS^

CENTRO-DORSAL

CIRRUS SOCKETS

CIRRI

Fio. 1.—Lateral \nEW or a speciuen of Antedon adeiatica from Trieste; for the sake of srapuciTT the four arms
ON THE side opposite THAT FIGURED ARE OMITTED.

is exactly Uke the other four interradials, and these are always present if anal x
is present. In the recent crinoids anal x, if pei-sistont, gives rise to a post-

radialseries exactly resembUng those on the radials, becommg itself transformed
into a plate indistinguisable from a true radial. This is the cause of the forma-
tion of G-rayed variants, the sixth ray being situated between the two posterior
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BRACHIALS

RADIALS

BASAL5 (B)

SV2YGIES

INTERAMBULACRAL (INTERPALMAR) AREAS

DORSO-CENTRAL (TERMINAL STEM PLATE)

Fig. 2.—Lateral ^^EW of tue type specimen or rnEVNOCRixus nudds fkom "Albatboss" Station 4971; A

POETION OF TUE COLUMK AND MOST OF THE ARMS ABE OMITTED. TOE CALYX, CONSISTINQ OF THE BASAIS

AND THE RADLU^, IS HEA\-n,Y OUTLINED (DRAOTNO BY THE AUTHOR).
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rays and receiving its ambulacra from the ray to its left. In tlie genera

Promachocrinus and TTmumatocrinus anal x and all the other interradials give

rise to additional (interradial) post-radial series so that a normally 10-rayed

animal results (see figs. 113, 114, p. 181, 115-117, p. 183, and 122, p. 191).

Anamhulacral.—Bordering the ambulacral grooves.

Angles of the cahjx.—A term sometimes enployed to designate the points of union

between the interradial sutures and the suture between the centrodorsal and

CROWN,

CALYX'

Br/(PRIMIBRACHIAL AXILLARY)

I 9ti (FIRST PRIMIBRACH)
lALS

SALS (B)

Flo. 3.—Lateral view of a specimen or Ilycrinus complanaivs from "Albatross" Station 3783; the major part o»
the colum.v and four of the arms are omitted. the calyx, c0s3i3tinq of the bisals and the radiai^s, is hea\'ily

outlined (deawino by the author).

the radial circlet, in the comatulids. It is here that the outer ends of the basal

rays appear (see fig. 415, p. 319).

Antepenultimate segment.—Of the cirri; the segment immediateh^ preceding the

penultimate (see figs. 314-317, p. 273, and pp. 278-283).

Anterior arm.—The arm situated directly opposite the anal area; in the endocychc
species the ambulaci-um leading from tlus arm across the disk would, if con-

tinued beyond the mouth, pass through the anal tube; in the exocyclic species
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CIRRAL3

TRANSITION SEGMENT

TBRMINAL CLAW

\ RADICULAR CIRRI

BASAL SEGMENTS

SYZYQY

SYNARTHRY PERISOMB

FlQ.6.

COVEBINQ PLATE5

SIDC PLATE3

peauoMlc PLATEj

PINNULAR5

Fio.

Fig. 8.

..Kw OF THE BOOT OF . ^^^^^^^^l""^'^:;^,::̂ ^::i:::^::^:iio. or . Ar.. ^r..... ... rBo« .. spec.

PLATC-O (ADAPTED FROM P. 11. CAEPENTER).
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this ambulacrum usually, at the base of the arm, makes a more or loss abrupt

turn to the right to reach the interradial mouth, which is situated between

the })ascs of the anterior and the right anterior arms (see figs. 22-27, p. 69,

and 117, p. 183, and p. 110 [6]); (see Axis and Orientation).

Anterior radii.— (1) The radius in which the anterior arm is situated is commonly
distinguished as the anterior radius (see fig. 22, p. 69).

(2) It is sometimes convenient to difl'erentiate the radii on either side of

the anal area from the three others, in wliich case there are distinguished 2

posterior and 3 anterior radii.

(3) In certain of the Comasteridse, where the loft posterior radius is

curiously modified, this is often referred to as the posterior radius, the remaining

four being collectively termed anterior radii (see fig. 27, p. 69, and p. 111).

Apical.— (1) Aboral or dorsal.

(2) Applied to the centrodorsal (or cirri), situated at or near the dorsal

pole (see fig. 310, p. 269, and pp. 304-306).

Apical plate.—The hypothetical plate covering the center of the dorsal side of the

primitive crinoitl (compare fig. 71, p. 127, and see pp. 198-200).

Appendicular slceleton.—The skeleton of the division series and arms; the skeleton of

the post-radial series.

Arm hoses.—The proximal brachials; this term is commonly employed to distin-

guish the more or loss oblong earlier brachials as distinct from the triangular

bracluals beyond them (see figs. 30, p. 71, 61a-c, p. 87, 79, p. 132, 94, p. 155,

109, p. 175, and 110 p. 176).

Arm pair.—jVny two free uncUvided arms which arise from the same axillary. This

terra is rarely met with except in reference to 10-armed species, in wliich each

of the post-radial series is sometimes referred to as an arm pair.

Arm^.— (1) Strictly speaking, the series of ossicles subsequent to the last straight

muscular articulation; or the scries of ossicles begimiing with the one imme-
diately preceding the last synarthry; thus in the Pentametrocrinidro the arms
begin with the first ossicle beyond the radials; in the Uintacrinidje they begin

with the third ossicle beyond the IBr (costal) axillary; in the remainmg coma-
tulid families they ordinar'dy begin with the firet segment after the last axillary,

except in the genus Eudiocrinus, in which the third segment beyonil the radials

is the first arm ossicle. In the recent comatulitls the tnie arms never divide

(see figs. 61a-c, p. 87, and pp. 109 [5], 110 [6]).

(2) While the preceding defuiition dehmits morphologically homologous
arms, it is more convenient for practical descriptive purposes to consider the

arms as including the entire undivided series of ossicles beyond the last axillary,

or beyond the radials in the Pentametrocrinidaj and in the genus Eudiocriniis

(see figs. 1, p. 60, and 2, p. 61, and p. 110 [6]).

(3) Several authors have considered all the ossicles beyond the radials,

no matter how many divisions there may be, and without regard for the type
of division, as morphologically comparable arms; this view is inadmissible, for

the reason that the radial is an integral part of the series of ossicles following,

and is not properly a calyx plato at all.
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CENTRAL CANAL
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^NTERARTICULAR LIGAMENT FOSS-C
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Fig. 9.
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Figs. 9-14.—9, Latebal view of the centrodorsal and raduls of a specisiex of Stenometr.v quinhue costata from
THE Ki Islands (adapted from P. H. Carpenter). 10, Lateral view of the centrodor-sal and rabials of a speci-

men OF Himerometra maktensi from Singapore (drawing by the author). 11 , Ventral view of the radial penta-

gon OF A specimen of Himerometra marten.si from Singapore (drawing by the author). 12, Dor-'^al view of the

RADUL PENTAGON OF A SPECIMEN OF PTILOMETEA MCLLERI FROM SYDNEY, NEW SOUTH WALES (DRAWING BY THE AUTHOR).

13, Ventral \nEW of the centrodorsal of a specimen of Peeometra diomede.e from southern Japan (drawing by

THE AUTHOR). 14 , DIAGRAMMATIC LATERAL VIEW OF THE PROXIMAL PORTION OF A SPECIMEN OF ATELECRINUS CONIFER FROM

THE Hawaiian Islands (drawing by the author).
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Articular faces.—The apposed surfaces of two segments united by articulation, as

opposed to suture (see figs. 31-34, j). 71, and 36-40, p. 75, and pp. 113, 376);

(see Articulations).

Articularfacets—See Articularfaces.

Articulations.—The unions between adjacent ossicles when composed of ligament

bundles or of muscles, or of a combination of both (see Suture); articulations

are of two types, each ty])e being subdivided into two subtypes, as follows:

A. Muscular articulations.—The apposed articular faces are marked

by an approximately hemispherical pit lodging the doreal ligament,

anterior (ventral) to which is a strong transverse ridge; sliglitly anterior

to the center of this ridge is the central canal through which passes the

axial cord of the dorsal nervous sj^stem; just anterior to the transverae

ridge lies a pair of intcrarticular hgament fossae, one on either side of the

central canal; these intcrarticular ligament fosssB are boimded anteriorly

by strong oblique ridges wliicli separate them from the pair of muscular

fossae (see figs. 31, 32, p. 71, 431, 432, p. 349 and pp. 114, 376).

a. Straight muscular articulation (often known simply as Muscular

articulation).—A t^'pe of muscular articulation in which the transverse

ridge is perpendicular to the doreoventral axis of the joint face, and
the dorsoventral axis divides the joint face into two equivalent and
sunilar halves (see figs. 31, p. 71, 431, 432, p. 349, and pp. 114, 376^

b. Oblique muscular articulation.—A type of muscular articulation

in which the transverse ridge is strongly obUque in reference to the

doreoventral axis of the joint face (t\'pically making with it an angle

of 45°) and the intcrarticular and muscular fossae of the two sides

are more or less unequal (see figs. 6, p. 63, and 30, 32, p. 71 ).

B. Nonmuscular articulations.—Articulations in which muscles are

absent, the imion being effected solely by hgaments (see figs. 33, 34, p, 71,

36-40, p. 75, and p. 113).

a. Synarthrij.—A type of non-muscular articulation in which the

apposed articular faces show two hemispherical fossae for the recep-

tion of a pair of ligament bundles, separated by a strong ridge running
in the direction of tlie dorsoventral axis of the joint face, which is

pierced m the center by the central canal (see figs. 6, p. 63, 14, p. 65,

30, 33, p. 71).

b. Sijzygy.—A tj-pe of nonmuscular articulation in wliich the

apposed surfaces are flat, and arc marked by fine low radiating ridges

(see figs. 2, p. 61, 6, p. 63, 14, p. 65, 34, p. 71, and 35, p. 73).

(See also Cryptosynarthry and Pseudosyzygy.)
Asterise.—Same as Pentacrini.

Autotomy.—{l) A process by which a comatulid inflicts self-mutilation, usually by
breaking off a part or all of an arm ; this usually occurs at either a syzj-gy or
at a synartliT}'. This process of autotomy in the crinoids has commonly been
supposed to be voluntary, but is in reahty the result of a state of panic which
causes a total relaxation of the muscles (see pp. 140-142).
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INTERAMBULACRAL (INTERPALMAR)

AREAS
SACCULI

OUTH

Fig. 15.

•ANUS

AMBULACRAL GROOVES

ANUS
ANAL TUBE

Fio. 16.

AMBULACRAL OttOOVES

.IIVTERAMEUJLACRAL (INTERPALMAR)

AREAS

FIG. 17.

INTERAMBULACRAL (INTERPALMAR)

AREAS

yD\
PERISOMIC PLATES

AMBULACRAL OROOVES

MOUTH

ANAL TUBE' ANUS ANAL AREA ^

FIG. 18. ANAL AREA

OUTH

ANAL AREA

FIG. 19.

Fioa. 15-19.—15, The naked entire disk of a specime.v of Teopiometra picta from Rio de Janeiro. 16, The naked

INCTSED DISK OF A SPECIMEN OF CENOMETRA BELLA FROM THE CUINA SEA. 17, TlIE DEEPLY INCISED DISK OF A SPECIMEN

OF MaKUMETEA DEUCATIS.SIMA FROM SOUTHWESTERN JAPAN. 18, THE PARTLVLLY PLATED, SUOHTLY INCISED DISK OF A

SPECIMEN OF PARAMETRA ORION FROM SOUTHERN JAPAN. 19, THE COMPLETELY PLATED E.NTIRE DISK OF A SPEHMEN OF

NeOMETRA MULTICOLOR FROM SOUTHERN JAPAN.
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(2) In the comatulids this process is always invoked to produce a greater

number of arms than 10; the young animal always has 10 arms until a con-

siderable size is reached, when the arms arc broken off either at the first syzj'gy

or at the first synarthry, and from the stump an axillary is regenerated bearmg

two or more arms in the places of the one lost; this is known as Adolescent

autotomy.

Autotomy at any other place than the first syzygy or the first synarthry

always results in the regeneration of a single arm similar to the one lost, though

with a longer and more irregular intcrsyzygial interval (see Regeneration).

Adolescent autotomy is caused by natural growth changes in the arms,

and is not in any way subject to the will of the animal (see pp. 140-142).

Axial cavity.—Tho small hole left in the dorsal pole of the centrodorsal after the

loss of the larval stem. It is almost immediately closed by a deposition of

calcareous matter (see fig. 594, pi. 16, and pp. 228, 229).

Axial cord.— (1) The large nerve cord which runs along the arm in the canal (the

central canal) just anterior to the transverse ridge seen on the joint faces (see

figs. 31-34, p. 71, 63, 64, p. 89, and 65, p. 91 and pp. 350-354).

(2) This term is sometimes used to include all the ner\'es belonging to

the dorsal nervous system.

Axial interradial canals.—The more or less complete canals in the interior of the

radial pentagon which lie on the sutures between the radials.

They inclose branches from tho water vascular system (see pp. 375, 376).

Axial interradialfurrow.—The furrows seen on the inner side of the radial pentagon

which coincide in position with the sutures between the radials; when bridged

over bj' calcareous deposit theyform the axial interradial canals (see pp. 375, 376).

Axial nerve cord. See Axial cord.

Axial prolongation.—A prolongation of the radial canals of the water vascular

system whereby they come to end upon the ventral surface of the centrodorsal,

or even to extend outward between the centrodorsal and the radial pentagon

(see figs. 252-255, p. 253, 2.56-261, p. 255, 468-470, p. 359, 471-476, p. 361,

477, p. 363, and 508, p. 371, and pp. 374, 375).

Axial radial canals.—The ladial canals of the water vascular system, when more

or less surrounded by calcareous deposit.

Axial radial furrows.—The furrows on the interior surface of the ratlial pentagon

wliich when bridged by calcareous deposit form the axial radial canals.

Axial slceleton.—The Radial skeleton.

Axillary.—An ossicle at which the arms divide ; a single ossicle which bears distally

two similar series of ossicles arising from a pair of similar muscular articulations

(see figs. 1, p. 60, 3, p. 62, 14, p. 65, 30, p. 71, and 61 a-c, p. 87, and pp. 358-

360).

Axis.—The axes commonly considered in the description of the comatulids are:

(1) Anteroposterior axis.—This axis divides the animal into two

bilaterally similar halves; it is found hi two positions, a (1) i)rimary and

a (2) secondary.
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FiQ. 20.
Fig. 21. riQ. 22.

^^/^

Fig. 23. Fig. 24.

Fig. 26. FIG. 27. Fig. 2S.

Figs. 20-28.—20, The digestive titbe and disk ambulacra of Antedon bifida, illu.strating a comatuud with an endo-
ctcuc mouth (adapted from p. h. carpenter). 21, the digesth'e tube and disk ambulacra of one of the spectes

OF THE FAMILY COMASTERID.E, ILLUSTRATING A COMATULID WITH AN EXOCYCLIC MOUTH (AD.VPTED FROM P. H. CARPENTER).

22, DLIGRAM SHOWING THE COMPARATIVE RELATIONSHIPS BETWEEN THE AMBULACRA, ANAL TUBE, AND ARMS IN A FIVE-

ARMED ENDOCYCLIC COMATULID; THE AXIS d-d IS THE PRIMARY ANTEROPOSTERIOR AXIS. 23, DIAGRAM SHOWING THE COM-
PARATn'E RELATIONSHIPS BETWEE.V THE AMBULACRA, ANAL TUBE, AND ARMS IN A TEN-ARMED ENDOCTCUC COMATULID; THE
AXIS a-a IS THE PRIMARY ANTEROPOSTERIOR AXIS. 24, DUGRAM SHOWING THE COMPARATn'E RELATIONSHIP."! BETWEEN THE
AMBULACRA, ANAL TUBE, AND ARMS IN A TWENTY-ARMED ENDOCYXUC COMATUUD; THE AXIS a-a IS THE PRIMARY ANTERO-
POSTERIOR AXIS. 25, DLAGRAM SHOWI.VG THE COMPARATIVE RELATIONSHIPS BETWEEN THE AMBULACRA, AN.4L TUBE, AND
ARMS IN A TEN-ARMED EXOCYCLIC COMATUUD, OR COMASTERID, IN WHICH ALL OF THE ARMS ARE PRONIDED WITH AMBULACRAL
GROOVES, AND IN WHICH THE MOUTH IS RADIAL IN POSITION; THE AXIS a-a IS THE PRIMARY ANTEROPOSTERIOR AXIS. 26, DIA-

GRAM SHOWING THE COMPARATIVE RELATIONSHIPS BETWEEN THE AMBULACRA, ANAL TUBE, AND ARMS IN A TEN-ARMED
EXOCYXUC COMATULID, OR COMASTERID, IN WHICH ALL OF THE ARMS ARE PROVIDED WITH AMBULACRAL GROOVES, AND IN
WHICH THE MOUTH IS INTERRADIAL IN POSITION; THE AXIS a-a IS THE PRIMARY ANTEROPOSTERIOR, THE AXIS b-b THE SEC-

ONDARY ANTEROPOSTERIOR. 27, DIAGRAM SHOWING THE COMPARATIVE RELATIONSHIPS BETWEEN THE AMBULACRA, ANAL
TUBE, AND ARMS IN A TEN-ARMED EXOCYCUC COMATULID, OR COMASTERID, IN WHICH EIGHT OF THE ARMS ARE PROMDED
WITH AMBULACRAL GROOVES AND TWO ARE UNGROOVED, AND IN WHICH THE MOUTH IS INTERRADIAL IN POSITION; THE AXIS
a-a IS THE PRI5IARY ANTEROPOSTERIOR, THE AXIS b-b THE SECONDARY' ANTEROPOSTERIOR. 2S, DIAGRAM SHOWING THE
COMPARATIVE RELATIONSHIPS BETWEEN THE AMBULACRA, ANAL TUBE, AND ARMS IN A TEN-ARMED EXOCYCUC COMATUUD,
OR COMASTERID, IN WHICH FOUR OF THE ARMS ARE PRO\aDED WITH AMBULACRAL GROOVES AND SIX ARE UNGROOVED; THE
AXIS a-a IS THE PRIMARY ANTEROPOSTERIOR, THE AXIS b-b THE SECONDARY ANTEROPOSTERIOR.
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a. Primary anteroposterior axis.—In the endocyclic oomatiilids

the axis passing along the anterior arm and continued through the

mouth and anal tube, leaving the animal in the center of the posterior

border of the anal area, divides it into two exactly similar halves

(see figs. 22-28, p. 69).

h. Secondary anteroposterior axis.—In such of the exocyclic

comatulids as have an interradial mouth, situated on the edge of the

disk between the bases of the anterior and right anterior rays the

anteroposterior axis which divides the animal into two bilaterally

equal halves passes through the middle of the interambulacral area

between the anterior and right anterior arms, through the mouth,

through the anal tube, and along the median line of the left posterior

ray (see figs. 26-28, p. 69, and pp. 152-161).

(2) Dorsoventral axis.—This axis passes through the dorsal pole and

through the center of the disk, being at right angles to the plane in which

the arms lie when extended horizontally.

(3) Longitudinal axis.—In speaking of the arms individually this

axis refers to the mid line of the arms; it is occasionally used in reference

to the pimuiles or to the cirri.

Azygous tentacle.—The median tentacle of a tentacle group; usually the term

refers to the first tentacle which is formed in the larva (see fig. 543, pi. 4.)

B.
Basal.—See Basals.

Basal bridge.—A narrow rounded ridge or rod connecting the inner ends of the

basal ravs; the five basal bridges form a pentagon within which is seen the

rosette (see figs. 424-426, p. 321, 447-449, p. 353, 454, p. 355, 459-463, p. 357,

and 479, 480, p. 363, and pp. 324, 335).

Basal cirrah.—The one, two, three, or four very short cirrus segments immediately

adjacent to the centrodorsal (see fig. 4, p. 63, and p. 276).

Basal fold.—^The incurved edge of the basal grooves, which is applied to the basal

ray.

Basal grooves.—The grooves on the dorsal surface of the radial pentagon which

lodge the basal rays ; they occur on the lines of suture between the radials (see

figs. 229-233, p. 247, 236-242, p. 249, 243-249, p. 251, 256-258, p. 255. and

pp. 236-238,370).

Basal pentagon.—The Radial pentagon.

Basal rays.—Prismatic calcareous rods of secondary origin developed in the basal

grooves between the radial pentagon and the centrodorsal; their inner ends

are usually connected wth the rosette, and by basal bridges with the inner ends

of the adjacent basal rays (see figs. 9-12, p. 65, 97, p. 159, 208-215, p. 241,

227, p. 245, 229-233, p. 247, 416-427, p. 321, and 447-451, p. 353, and pp.
326-330).

Basal ring.—A structure formed by anchylosed basals which show no trace of the

interbasal sutures (see figs. 3, p. 62, and 134, p. 203).

Basal star.^Tho five basal rays, plus the five connecting basal bridges (see figs.

447-451, p. 353, and pp. 324, 325).
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BRACHIALS
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Fig. 34.

„ ^v,™., STUTTTTRFS AVRARM BASES OF A SPECIUEK OF A SPECIES OF COMANTHCS \nTH THE
FIGS. 29-34.-29. DIAGEAM OF THE '=^^'^'^^^'^''1'^^^^^'^"^ STRUCTfRES AND PART OF A POSTRADUL SERIES OF A SPEH-

CIRR. REMOVED (DRAWING ET ™E AUTHOR)^ ^™^ '^^^^^^^''^ J^ g,^ „, j^,^^ („«^^.G ^T THE APTBOR). 31, DU-
HEN

0^'^^""<'"^;«^J^^^;^^;^\°^;^,,^ rAW^ author). 32, DUGRAMOF AN OBLIQCE MVSCTI^R

i:^:z:o::::z:::r''^.^:zzrs'.Lo... o. . st^-abthrv (draw^g .. the a.thor). 34, duora. o,

A SYZYGT (DRAWING BT THE AUTHOR).
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Basals (BB)

.

—Tho plates which collectively form a circlet just below the radials ; they

are usually five in number and alternate in position with tho radials, but many
forms possess only three; they may bo entirely distinct, with the suture lines

easily visible between them, or thoy may bo solidly anchylosed, forming a solid

ring or funnel (see figs. 2, p. 61, 3, p. 62, 14, p. 65, 115-118, p. 183, 122, p. 191,

130-134, p. 203, 144, p. 207, 145, p. 209, and 407-413, p. 317, and pp. 316-331).

In the recent comatulids tho basals, at first forming an essential part of

the calyx wall, become in early life metamor])hoscd into the rosette and there-

fore disappear from external view, except in the famity Atelecrinidae where

they are almost always to be seen forming a narrow ring between the centro-

dorsal and the radials (see figs. 123, p. 192, 124, 125, p. 193, 414, p. 319, and 430,

p. 321, and pi. 8, figs. 573-575, and pp. 318-320).

Many recent comatulids have, just above the centrodorsal in the interradial

angles, more or less pronounced tubercules which are often so large as to appear

as true basals; these are, however. Basal rays of secondary origin, and have no

comiection with the larval basals (see figs. 415, p. 319, and 416-427, p. 321, and

pp. 326-330).

In the recent crinoids the infrabasals, when present, form a circlet within

the basals and are entirely concealed by them; in the comatulids the}' fuse with

the uppermost columnal in early life to form the centrodorsal, or are entirely

absent (see figs. 565-572, pi. 7, and pp. 313-316).

The basals are the equivalent of the genitals in the echinoids.

Basal surface.—Of the centrodorsal; the dorsal pole.

Base.— (1) Of the calyx; the Radial pentagon;

(2) Of the centrodorsal, the surface which is applied to the radials (see

figs. 229, 230, 232-234, p. 247, 235-242, p. 249, and p. 232).

Bifascial articulation.—Same as Synarthry.

Bilateral symmetry.—See Symmetry and Axis.

Biinum.—A term used to designate the posterior pair of arms, or rays, when these

differ from the three anterior in being short, ungrooved, and nontentaculiferous,

as in many of the Comasteridse (see figs. 45a-?), p. 79, and pp. 110, 111).

Bourgueticrinoid stem.—A stem or column of the tj'pe found in the species of the

genus Bourgueticrinus. This type of stem is characteristic of the young of

the comatulids and of the pentacrinites (see figs. 135-139, 141-143, p. 205,

518-524, 526, pi. 1, and 527, pi. 2, and pp. 208-210).

Brachial amhvlacra.—Tho ambulacra on the ventral surface of the arms and of the

division series (in contrast to those of tho disk and the jjinnule ambulacra) (see

fig. 45a, p. 79, and pp. 110, 111).

Brachial axillary.—A term used by some authcu-s for any of the axillarics except the

first, which is differentiated as the IBr, prhnibrachial, radial, or costal axillary.

Brachial perisome.—The perisome upon tho ventral surface of the arms, beyond tlie

second brachial.

Brachials (Br) .—Tho calcareous segments or ossicles of which the arms are composed

;

many authors have used this term for all the ossicles beyond the radials, but
it is more properly used, as herein, for the ossicles beyond the last division

series only (see fig. 1, p. 60, fig. 2, p. 61, and fig. 6, p. 63).
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Calyx.—The base of a crinoid; that is, the part remaining after the stem (or centro-

dorsal) and postradial structures have been removed; it includes the infra-

basals (when present), the basals and the radials, with any supplemcntaiy

p]ates such as mterradials which may be found; by some authors the disk is

Fig 35 -an akm of a specimen of Stylometea spinifera from Ci;ba showing tue nisTRiDUTioN
"/J"^

j;'-";"'^-";"

THE RIGHT ARE INDIVIDUAL SVZVGL.L PAIRS ENLARGED TO SHOW THE PROGRESSIVE DIFFERENTIATION OF THE HTPOZ.GAL AND

EPIZYGAL.

included in the term calyx, though as a rule only when it is furnished ^^•ith a

solid pavement of calcareous plates. (See figs. 2, p. 61, and 3, p. 62, and

pp. 174-182).
. . , , , 1

The calyx is not a morphological unit, for it mcludes the true coronal

plates, and, in addition, the radials, which are true arm plates.

79140°—Bull. 82—15 6
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Calyx plates.—The plalcs primarily enclosing llic visceral mass; these include (1)

the infrabasals (when present), (2) the basals, (3) the radials, and (4) the

orals.

Carinate cirri.—Cirri in which median longitudinal keels are developed on the dorsal

side of each of the outer segments (see fig. 344, p. 287, and pp. 285-286).

Central anus.—An anus situated in the center of the disk (see figs. 21, 25-28,

p. 69, and pp. 110-111).

Central canal.—A continuous canal running through all the brachials and lodging

the axial cord, which latter is the radial extension of the so-called dorsal nervous

system. It ])asscs tlirough the bracliials just ventral to the center of the

transverse ridges of the articular faces (see figs. 9-11, p. 65, 31-34, p. 71,

and 431, 432, p. 349, and p. 114).

Central cavity.—Oi the centrodorsal, the interior cavity in which is lodged the

chambered organ and accessory structures (see figs. 13, p. 65, 229, 232-234,

p. 247, 235-242, p. 249, 243-249, p. 251, 250-255, p. 253, 256-261, p. 255, 262-

266, p. 257, 267-273, p. 259,274-279, p. 260, 280-285, p. 261, 286-291, p. 262,

292-297, p. 263, 298, 299, 302, p. 264, and 592, 593, pi. 15, and pp. 232-234).

Central mouth.—A mouth is said to be central when it occupies the exact center

of the ventral surface of the disk, and all the disk ambulacra are of the same

length. In reality the mouth is never quite central (see figs. 20, 22-24, p. 69,

117, p. 183, and pp. 110-111).

Central plate.—See Centrale.

Central plug.—The more or less spongy calcareous deposit found on the ventral sur-

face of the radial pentagon; it may be so slightly developed as barely to con-

ceal the rosette, or it may fill the entire area between the outer borders of

the muscular fossae of the articular faces of the radials. In general the central

plug is well developed in the oligophreate species, but absent or at most

slightly developed in the macrophreate species (see figs. 11, p. 65, 441, 442,

p. 351, and pp. 373-374).

Centrale.—The dorsal apical plate in the genera Marsupites and Uintacrinu.s. It

is the morphological equivalent of the centrodorsal of the comatulids, plus

the larval stem (see figs. 565, 572, pi. 7, and pp. 240-242).

Centrodorsal.—In the comatulids tlie plate occupying the center of the aboral (dorsal)

surface; it is usually large, discoidal, hemispherical or more or less conical,

and bears numerous cirri on its edges, though never in its center; in certain

of the Comasterida; it may be reduced to a thin noncirriferous stellate plate

occupj'ing the central space in tlie dorsal surface of the radial pentagon (see

figs. 1, p. 60, 10, 14, p. 65, 29-30, p. 71, and 191-198, p. 237, and pp. 219-220).

Ontogenetically the centrodorsal is the topmost columnar of the larval stem,

plus the circlet of infrabasals in those species in which infrabasals are devel-

oped. It is the osteological equivalent of a suiglo cirriferous nodal as seen in

the p"ntacrinites, though within it is compressed the equivalent of the entire

pentacrinite column.
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Chiasma.—The figure formed by the division of the dorsal nerve trunks within the

axillaries (fig. 62, p. 89).

Immediately upon entering the axillary the nerve cord divides into two parts

which run each to the center of one of the two distal articular faces. A trans-

verse connective unites these two branches just before they emerge from the

distal faces of the axillary. Shortly after the branchmg of the primary nerve

cord a small branch is given off from the inner side of each derivative; these

two branches run obliquely outward, distally crossing each other and immedi-

ately merging with the transverse connective.

Fig. 36. Fig. 37

Fig. 38.

Fig. 39. Fig. 40.

Figs 36-40-36 A typical cryptostoarthrt from a specimen of Comatwla pectinata feom Sinqapoee. 37, The pseddo-

stzygy betVeex the ossicles of the IBe series in a specimen of Comasteb frcticosus from the Philipplne Islands.

IS The two articulating surfaces of the perfected pseddosyzygy between the first two brachuls ln the type

specimen of Comatula purpurea from .Vustralu. 39. The perfected pseudosyztgy between the 0S..ICLES of the

IBR SERIES IN A SPECIMEN OF CoMATULA MICRASTEE FROM THE ANDAMAN ISLANDS. 40, TlIE PERFECTED PSEODOSYZYGY

between the OSSICLES OF THE OUTER DIVISION SERmS IN A SPECIMEN OF COMASTER FRUTICOSUS FROM THE PHILIPPINE

Islands.

The chiasma within the axillaries is a reduplication of conditions accom-

panying the division of the primary nerve cords within the calyx (see figs. 62-64,

p. 89, and pp. 350-354).

Cirrdl.—K smglo cirrus segment (see figs. 1, p. 60, and 4, p. 63).

arrival.—Same as Cirral.

Cirrhi.—See Cirri. ....
Cirri.—In the comatuUds and pentacrmites; jomted appendages ansmg in the

former from the centrodorsal, and in the latter from specialized coluiunals

(nodals) wliich occur at regular intervals lliroughout the st<>m (see figs. 1, p.

60, 4, p. 63, and 127, p. 197 and pp. 258-312); (see Radicular cirri)

.
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Cirriferous.—Bcaruig ciiri.

Cirriferous nodals.—See Nodals.

Cimts facets.—See Cimis sockets.

Cirrus sockets.—The depressions or sockets in the centrodorsal (or in the nodals)

upon which the ciiTi are situated, and by which they articulate with the centro-

dorsal (or with the nodal) (see figs. 1, p. 60, 9, 10, p. 65, 29, p. 71, and 148,

p. 220, and pp. 108, 109).

Closed ring.—Of calyx plates, a cu"clet in which all the plates arc m apj^osition

laterally with the neighboring plates of the same series (see fig. 566, pi. 7).

Close suture.—See Suture.

Column.—(1) The linear series of ossicles arising from the centcu- of the circlet of

basals; the stem; in the comatulids the column is discarded just distal to the

topmost ossicle in early life, and the animal becomes free (see figs. 126, p. 195,

127, p. 197, 128, p. 199, 129, p. 201, 144, p. 207, 145, p. 209, 532, 533, pi. 3, 543,

pi. 4, and 594, pi. 16, and pp. 108, 228).

(2) A scries of cirrus sockets arranged in a straight line in the dirrection of

the dorsoventral axis (see figs. 190, p. 235, 192, 194, 196, 198, p. 237, 200, 203,

204, 205, 207, p. 239, 208-216, p. 241, 218, 223, p. 243, 227, 228, p. 245, 558,

pi. 5, and 573, 574, pi. 8, and pp. 198-219).

Columnals.—^The individual ossicles of which the column is built up; these are often

referred to as "stem joints" (see figs. 2, p. 61, 3, p. 62, and 135-143, p. 205).

Columnar arrangement.—Of cirrus sockets; an arrangement of cirrus sockets in

hues parallel with the dorsoventral axis of the animal (see figs. 203, 204, 207, p.

239 and 208-216, p. 241, and pp. 108, 228).

Comb.—A peculiar comb-like modification of the distal part of the lower pinnules

found always in the Comasteridae, but only rarely in the other families; the

outer ventrolateral edge of each segment is produced into a more or less elon-

gate spade-shaped or triangular process, which may be repeated on the inner

ventrolateral edge. In one of the comasterid genera (Comaster) the combs are

not confined to the proximal part of the arms as usual but occur at intervals

on the middle and distal pinnules (see figs. 56-58, p. 83, and 59-60, p. 85, and

pp. 112-113).

Combed pinnules.—The pinnules which are provided with a comb; in general this

term is synonymous with oral or proximal pinnules, but in several species the

combed pinnules arc found far up the arms ; combed pinnuh^s occur in the Comas-

teridffi, and, less perfectly developed, in the antedonid genus Solanomctra.

Commissural canals.—The canals within the substance of the radials which lodge

the circular commissure connectmg the axial cord of each radial with those of

the radials on cither side (see figs. 442, 444, 446, p. 351, 549, 551, 552, 557,

pi. 5, and 600, pi. 17, and pp. 350-354).

Commissure.—The circular nerve ring withui the radials connecting the axial cords

all around the calyx (see fig. 63, p. 89, and pp. 350-354).

Compound basals.—The basal rays, together with the adjacent basal bridges and

the interradial portions of the rosette (see figs. 416-427, p. 321, and pp. 327, 328).
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CompouTid interpolated arm division.—Ann division in which all the division series

arc 2, these two ossicles representing externally a tnio division series, but
internally the first two ossicles of a free undivided arm, as in ComateUa and
Neocomatella (sec fig. 78, p. 131).

Fio. «.

Fig. 44.

Figs. 41-14.—41, Lateral view of the centrodorsal and arm bases or a specimen of Poktiometra insperatcs from the
Philippine Islands, illustrating a species with well-separated rays and nmsioN series. 43, Ventral view of
THE CALYX AND AR.M BASES OF A SPECIMEN OF TONTIOMETRA IXSPERATUS FROM THE PHTLIPPINE ISLANDS, ILLUSTRATING A
SPECIES WITH WELL-SEPARATED RAYS AND DmsiON SERIES. 43, LATERAL VIEW OF THE CENTRODORSAL AND ARM BASES OF
A YOUNG SPECIMEN OF ASTEROMETRA MIRIFICA FRO.M THE Kl ISLANDS, ENTIRE (a), AND \nTn ONE POSTRADIAL SERIES
REMOVED (6), ILLUSTRATING A .SPECIES WITH CLOSELY APPRESSED OR "WALL-SIDED" RAYS AND DIVISION SERIES. 44, VE.NTRAL
VIEW OF THE ARM BASES OF A YOUNG SPECIMEN OF .\STEROMETRA SHRIFICA FROM THE Kl ISLANDS, ILLUSTRATING A SPECIES

WITH CLOSELY APPRESSED OR "WALL-SIDED" ARM BASES.

Coronal plates.—The plates which primarily form a ring about the apical area;

these arc 10 in number and in the cruioids are arranged hi 2 circlets, the

first, abutting upon or concealed by the column, consisting of 5 small plates

(infrabasals) which are radial in position, the second, immediatel}- beyond

the first, consisting of 5 larger plates (basals) wliich alternate with those of

the first anil are therefore interradial in position.
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Tho plates of the first circlet are usually reduced in number and may be

quite absent; those of the second circlet are often reduced in number, and may

be highly metamorphosed.

In tlio ccliinoids the coronal plates are always lai^e and conspicuous,

forming a ring of 10 plates about the poriproctal area, 5 small (the oculars,

corresponding to the infrabasals) and 5 large (the genitals, corresponding

to tho basals).

Costal axillary (IBrj).—The first axillary follo\ving tho radial; the primibrachial

axillary; by the older authors this was called the radial axillary (see figs. 1, p.

60, 3, p. 62, 29, 30, p. 71, and pp. 109, 110).

Costal -pinnules (Pc).—Tho pinnules borne by the costals or primibrachs; among

the recent comatulids these occur only in the genus Eudiocrinus, where the

second costal or primibrach (IBrj) is not an axillary as usual, but bears a

pinnule instead of an additional arm (see figs. 83, p. 136, 84, p. 137 andpp. 114, 115).

Costah (IBr).—Tho postradial ossicles as far as the first axillary; the ossicles of the

first division scries; tlie primibrachs; in all the recent crinoids except Metw-

crinus these are two in number, and, except in Eudiocnnus, terminate in an

axillar}'; they are not found in the Pcntametrocrinidaj (see figs. 1, p. 60, 3,

p. 62, and 29, 30, p. 71, and pp. 109, 110).

Though similar in appearance, the first division series is not homologous in

all typos.

Covering plates.—Thin rounded calcareous plates developed along the borders of

the ambulacral grooves and capable of being closed do^vn over them; in pre-

served specimens they are easily visible wath a hand lens of low power as a

series of oval or approximately circular alternating imbricate plates concealing

the ambulacra; covering plates are almost invariably associated with side

plates (see figs. 7, p. 63, and 55, p. 81).

Among the comatuUds covering plates are usually rudimentary or absent

except in the families Thalassometridse, Charitometridie and Calometridae;

they are also lai^e and well developed in certain of tho Holiometrmoe, and in a

few of tho Capillastorinae, in the latter occurring wdthout side plates.

CreneUse.—Narrow rounded ridges, arranged more or less radially, most fre-

quently observed upon tho joint faces of coliunnals and, in the comatulids,

upon tho apposed faces of two brachials united by syzygy (see figs. 34, p. 71,

and 525, pi. 1, and pp. 208-210).

Crenvlate sutures.—Sutures which are evident externally as a wavj- line (see

figs. 127. p. 197, and 128, p. 199).

Croum.—The calyx and arms; a crinoid deprived of its column; this term is not

applicable to the comatulids.

Cryptosynarthry.—A synartliry which has become modified by a general flattening

of the joint faces, together with a restriction in the proportionate area occupied

by tho ligament fossae, so that the latter appears very small; tyi^ically a crj-pto-

synarthiy shows a very nearly plane articular surface upon which tho position

of tho central dorsoventral ridge may with difficulty be traced (see fig. 36, p. 75

and p. 113).
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Fio. 45.—The anterior (o) and posterior (b) arms of a specimen of Comatula pectinata from the Phiuppise Islands;

THE LATTER ARE VERT SHORT, LACK THE AMBULACRAL GROOVES, AND TERMINATE IN A PAIR OF PINNULES INSTEAD OF IN A

OROWINO TIP.
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The cryptosynarthry is a synartlirial articulation which has lost all power

of motion and become immovably fixed , so that it appears externally exactly

like a syz>'<^y, ^^'ith M-hich it has usually been confused. A parallel develop-

ment from the synarthry is the pseudosyzygy ; both these types of articulation

sometimes occur in the same species.

Cystid stage.—The stage in tne development of the young comatulid when the

calyx is composed only of basals and orals; the prebrachial stage (see figs.

407, 410, p. 317, 532, pi. 3, and 542, 544, 547, pi. 4).

D.

Defective interpolated arm division.—Arm division in which the IIIBr and further

division series are 3 (2 + 3) instead of the usual 4 (3 + 4), as in Capillaster and

Nemaster.

Deltoids.—See Orals.

Dermal flates.—Plates arising from a center of ossification uathin the dermal layers;

secondary' plat«s; these plates are more or less circular, and are not fenestrated,

being built up of concentric calcareous deposits (see fig. 18, p. 67, and p. 195).

Dice-box shaped.—Hourglass shaped; differing from cylindrical in that the sides

are, from all points of view, concave instead of parallel (see figs. 141, 142, p. 205,

396, p. 309).

DisTc.— (1) The integument covering the ventral surface of the body proper (that is,

considered without the arms), between the arm bases; it is traversed by the

ambulacral grooves which converge at the mouth, and in one of the areas delimits

ed by these grooves it rises into the anal tube (see figs. 15-19, p. 67, 1 17, p. 183,

and p. 110).

(2) The visceral mass which rests on the calvx and arm bases (see fig. 89,

p. 147).

Disk amhnlacra.—The ambulacra which traverse the disk, as contrasted with the

ambulacra on the arms and pinnules (see figs. 15-19, p. 67, 117, p. 183, and
p. 110).

Distal.—In the comatulids distance is reckoned in either direction (dorsal or ven-

tral) from the suture between the centrodorsal and the radials; of two points

on the arms, centrodorsal or column, the one wliich is further from this suture

is said to be the more Distal, while the one which is nearer to this suture is

said to be more Proximal. See Dorsal Surface, Upper Surface, Ventral Surface,

etc. (see fig. 1, p. 60).

Distal cirrals.—The comparatively short outer cirrus segments which bear dorsal

processes; this term is used in contrast to Proximal cirrals.

Distal pinnules.—The pinnules beyond those which bear the genital glands (see fig.

l,p. 60, and pp. 112-113).

Distichal pinnule (Pd).—The pinnule or pinnules borne by the IIBr series (secun-
dibrachs or distichals) ; these are never present unless the elements of the IIBr
series arc four or more in number, except in Uintacrinus where tlie IIBr, (sec-

ond secundibrach or distichal) bears a pinnule instead of an additional arm
(see figs. 81, p. 1.34, and 82, p. 135, and p. 112).
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Fig. 48.

FlO. 46. FlO. 47.

Fig. 49.
Fig. 50.

cisxEnn:

^iTSC^^iSnc^ic^^

Fig. 51.

oxric^

Fig. 52.

Fig. 53.

Fig. 54. Fig. 55.

Figs. 46-55.-46, An arsi tip from a specimen of Pterometra trichopoda from the PraLippDJE Islands, showing the

ABRUPT termination AND THE INCURVING OF THE TERMI.VAL BKACIIIALS. 47, ThE TIP OF A POSTERIOR ARM OF A SPECIMEN

OF COMATULA PECTINATA FROM THE PinLIPPINE ISLANDS, SHOWING THE TERMINAL A.XILLARY AND THE TWO FINIAL PINNIXES.

48, Tip OF A MIDDLE PINNULE OF A YOUNG SPECIMEN OF PTILOMETRA MACRONEMA FROM SOUTHWESTERN -AUSTRALIA, %nEWED

LATERALLY WITH THE DORSAL SIDE DOWN, AND DORSALLY. 49, Tip OF A DISTAL PINNULE OF A SPECIMEN OF -\STERO-

METRA ACERBA FROM THE SaHUL BANK, nEWED LATERALLY WITH THE DORSAL SIDE DOWN (a), .\ND DORSALLY (6); THE MID-

DORSAL CARINATION IS INDICATED BY DOTTED LINES. 50, TiP OF A PI.VNULE FROM THE MIDDLE OF THE ARM OF A LARGE SPECI-

MEN OF COMANTHUS TRICHOPTERA FROM NEW SOUTH WALES, VIEWED LATERALLY WITH TOE DORSAL SIDE DOWN. 51, Tip

OF A DISTAL PINNULE OF A SPECIMEN OF CoMATELLA STELLIGERA FROM THE INDIAN OCEAN, VIEWED DORSALLY (a), AND

LATERALLY (6). 52, Tip OF A DISTAL PINNULE OF A SPECTMEN OF CaPILLASTER MULTIRADIATA FROM THE PHILIPPINE ISLANDS,

VIEWED LATERALLY WITH THE DORSAL SIDE DOWN (a), AND DORSALLY (6). 53, I.ATERAL VIEW OF A DISTAL PINNULE FROM A

SPECIMEN OF ASTEROMETRA ACERBA FROM THE SaHUL BANK, ILLUSTRATING A TRIANGULAR OR PRISMATIC PINNULE. 54, END
VIEW OF .\ SINGLE SEGMENT OF A DIST.VL PINNULE FROM A 3PECIME.N OF .VSTEROMETRA ACERBA FROM THE SaHUL BaNK,

ILLUSTRATING THE CROSS SECTION OF A TRIANGULAR OR PRISMATIC PI.VNULE. 5j, LATERAL VIEW OF A PORTION OF A DISTAL

PINNULE FROM A SPECIMEN OF PACHYLOMETRA SELENE FROM THE PlIIUPPINE ISLANDS, SHOWING THE SIDE AND COVERING

PLATES.
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Distichal radii.—A term sometimes employed to include a single IIBr series and aU

the derivatives from it; it is therefore equivalent to one-luilf of a "ray," the

latter term covering all the derivatives from a single radial (see fig. 29, p. 71).

Distichals (IIBr).—The secundibrachs ; the post-costal segments as far as, and

including, the n(>xt following axiUary (see fig. 29, p. 71).

In the comatulids the disrichals are usually two in number, the two being

united by synarthry; tliis is expressed "IIBr 2;" more rarely these two are

united by syzygy, the expression in tlus case being "IIBr 2(1+2);" but they

may be doubled, in wiiich case the second pair are united by syzygy, the for-

mula being "IIBr 4(3 + 4)."

When distichals are present the most distal is always an axillary, except in

Uintacrinus.

Distichium.—Same as a Distichal radius.

Division series.— (1) A term used to designate all the ossicles coUectivelj' between

the radials and the first segments of the free undivideil arms (see fig. 29, p. 71).

(2) A term occasionally used to designate all the elements collectively

between the first or IBr ("radial" or "costal") axillary and the "first segments

of the free undi^nded arms.

(3) A term sometimes employed to designate any one of the series of

ossicles wliich terminate in an axillary.

Dorsal.—Same as Ahoral.

Dorsal cirrhi.—See Cirri.

Dorsal cirri.—See Cirri.

Dorsal interradial furrows.—The shallow grooves or furrows on the dorsal surface

of the radial pentagon wliich lie over the sutures between the radials and accom-

modate the basal rays (see figs. 483, p. 365, and 512, p. 373, and pp. 370-372).

Dorsal ligament fossa.—The large semicircular fossa or depression occurring in a

muscular articulation dorsal to the transverse ridge (see figs. 9-11, p. 65, 31-32,

p. 71, and 431, 432, p. 349, and pp. 114, 376).

Dorsal nervous system.—The nervous system Ijang entirely within the primary

skeletal elements.

Tliis nervous system corresponds to tlie subcEsophageal ganglion and the

ventral nervous system of the annelids, crustaceans, insects, etc.

Dorsal pole.—The center of the dorsal surface of the centrodorsal ; that part of the

centrodorsal wliich is bare of cirri.

It is usually smootli, and may be flat, concave, or convex (see figs. 9, p.

65, 146-150, p. 220, 151-159, p. 221, 171, 173, p. 231, 183, 185, 187, 189, p.

235, 191, 193, 195, 197, p. 237, and 199, 201, 206, p. 239, and pp. 2.30-232).

Dorsal radial furrows.—The furrows on the dorsal surface of the radial pentagon
wliich traverse the center of the radials along their longitudinal axes (see figs.

434, 4456, p. 351).

Dorsal spines.—Spineliko projections from the dorsal Gower) surface of the cirrus

segments; they are not always present, and if present are usually found only
on the outer cirrus segments (see figs. 4, p. 63, 333, p. 283, and 347-348, p.

289, and pp. 276-284.
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c

Fig. 56.

Fio. 57.

Fig. 58.

Figs. 58-58.-56, The tehmdjai, comb on the pRO-^nMAL pinnules of a specimen of Comissia dumetum from the PnnjppLNE

ISL.INDS V\Y.WE.O LATERALLY FROM THE OUTSIDE (a), VENTRALLY (6), AND LATERALLY FROM THE INSIDE (c). 57, THE TERMINAL

COMB ON THE PROXIMAL PINNULES OF A SPECIMEN OF LEPTONEMASTER VENUSTUS FROM THE WEST COAST OF FLORIDA WCVTO

LATERALLY FROM THE OUTSIDE (o), VENTR.U.LY (6), AND LATERALLY FROM THE INSIDE (C). 5S, THE TERMINAL COMII ON THE

PROXIMAL PINNULES OF A SPECIMEN OF CoMATULA PECTINATA FROM THE PHaU-PLNE ISLANDS \aEWED L.4TERALLY FROM THE

OUTSIDE (a), VENTRALLY (6), AND LATERALLY FROM THE INSIDE (C).
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Dorsal surface.—Of the radial pentagon, tlio surface wliich is covered by the cen-

trodorsal (see fig. 12, p. G5).

Dorsal tip.—Of centrodorsal; that portion of the ccntrodorsal, surrounding the bare

dorsal polo, wliich bears the so-called small mature cirri (see fig. 310, p. 269).

Dorsal transverse ridge.—A transverse ridge found on the outer cirrus segments;

tliis structure is only developed in a few species, where it takes the place of

<Ioisal spines (see figs. 349, 352, p. 291).

Dorsal tubercles.—Tubercular processes developed on the dorsal side of the outer

segments of the cirri; they may be described as short and blunt dorsal spines;

as with the latter there is ordinarily only one to each cirrus segment, though

sometimes two or even tliree are found side by side (see figs. 346, p. 289, and

370, p. 299).

Dorsocentral.—The terminal stem plate of the stalked comatulid larva; the primi-

tive dorsal central plate; tliis term is sometimes used instead of centrodorsal

(see figs. 2, p. 61, 532-540, pi. 3).

Dorsolateral processes.—The produced dorsolateral borders of tlio ossicles of the

di\-ision series and of the first two bracliials, as seen in Poecilometra.

Uorsoventral axis.—See Axis 2.

E.

Einhryonic basals.—Basals which appear as true basals only in the young, in the

adult becoming metamorphosed into a rosette.

Among the comatuUds true basals are found onl}' in the Atelecrinldae,

but embryonic basals occur in the species of all the other families.

Endocyclic.—With the mouth situated approximately in the center of the coil of the

digestive tube, and therefore approximately in the center of the disk (see figs.

20, 22-24, p. 69, and pp. 110, 111).

Tliis includes all of the comatuLids except those belonging to the family

ComasteridsB and Uintacrinidw.

Entire disk.—A disk in which the free borders of the intcrambulacral areas are

straight or slightly convex (see figs. 15-19, p. 67).

Entire regeneration.—See Regeneration B 1.

Entrochi.—A series of trochitffi joined together as m life; a section of a stem or

column.

Epizygal.—The dLstal segment of a syzygial pair.

Exocyclic.—With the mouth situated on the border of or outside of the coil made by

the digestive tube, and therefore marginal or submarginal on the disk (see

figs. 21, 25-28, p. 69, and pp. 110, 111).

This includes most of the species included in the faiuily Coinasteridje,

and the species of the Uintacrinidfe.

External arm.—The external arms are the two lying on the outer si<les m reference

to the IBr scries; more rarely the reference is to the IIBr scries, but in this case

the fact that the second division series is the determining series is always

mentioned (sec figs. 61&, p. 87, and 78, p. 131).
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Extraneous arm division.—Arm division resulting from the occasional branching

during growth of a linear series of brachials without the loss of the larval arm

and without the reduplication of the first two brachials, as contrasted mth

Interpolated arm division, or arm division resulting from tho interpolation of

division series, each of which is tho exact morphological equivalent of tho first

two (or four) brachials of the larval arm, between tho first (or third) brachial

of tho larval arm and tho base of a now arm which is tho exact dupUcato of tho

original larval arm.

Fig. 60.

FIQS 59^-59 THE TERMCAL COMB ON THE PRO.XM.VL P.Nmn.ES OF A SPECIMEN OP COMASTER MULT.BRACHUTA FROM TM

AUSTRALIA VIEWED LATERALLY FROM THE OUTSIDE (.), VENTRALLV (6), AND LATERALLY .ROM THE INSIDE (c).

F.

Finial pinmiles.-The. paire.l piimules termmating the post(-rior ungrooved arms

of certain of the Comastericlffi (see fig. 47, p. 81, and pp. 110\

First hracUal (Br,) .-Strictly applied, this term refei-s to tho first ossicle beyond

the last straight muscular articulation. In most forms the fu-st brachial is

the first segment succeeding the last axillary; in E^iocnnns it is the thu-d

postradial segment, and in Uintacrinns the thinl post-costal segment.
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First inner pinnule (?„).—The first piiimile developed on the inner side of the free

undivi<lcd arm; it is usually borne by the fourth brachial (BrJ, which is the

opizyi:iil of tlio first syzygial pair (Br3+<); in several genera this pmnulo is nor-

midly absent; it is always one of the last to be developed.

First pinnule (Pj).—The first outer pinnule of the arm, borne by the second brachial

(Br,) ; in certain genera this pinnule is normally absent (see fig. 6, p. 63, and

pp. 107, 108).

Food grooves.—See Ambulacra.

Fossx.—The depressions lodging the muscles and ligaments in the articular faces of

muscular articulations.

Free hracJdals (Br).—The ossicles of the undivided arms, as contrasted with the

ossicles of the division series.

Free undivided arms.—The arms beyond the outermost axillary.

Fulcral ridge.—On the Transverse Ridge, the narrow vitreous ridge upon which the

actual contact takes place at the muscular articulations.

• G.

Genital pinnules.—The pinnules bearing the gonads; the middle pumulos; these

foUow the oral pinnules, and precede the distal pinnules (see figs. 1, p. 60,

6,8, p. 63, and pp. 112-113).

Grooveless arms.—Arms ui which ambulacral grooves are wanting; these are found

in ccrtam of the Comasteridae; the left posterior ray is the one most commonly

found bearing grooveless arms; often the right posterior is also similarly modi-

fied, and the condition may extend to the posterior half of the lateral rays. In

species with very many arms all of those borne by the left posterior ray may
be grooveless, and there may also be several grooveless arms among those on

aU the other rays. The anterior ray as a whole is never grooveless, though in

species with very numerous arms some of those on the anterior ray may be

grooveless; in such instances there arc always fewer grooveless arms on the

anterior than on any of the other rays (see fig. 45&, p. 79, and pp. 110-111).

Groove trunks.—The ambulacra upon the disk before division (see figs. 15-19, p. 67,

and 22-24, p. 69).

(1) Primary groove trunks are the five ambulacral grooves which arise

from the mouth ring; after these divide they resolve themselves into ten

secondary groove trunks (see figs. 15-19, p. 67, and 22-24, p. 69).

(2) Secondary groove trunks.—The groove trunks between the first and

second divisions (see figs. 17, p. 67, and '24, p. 69).

This term is sometimes used for all the groove trunks beyond the first

division collectively.

H.
Hahitus.—The general appearance.

Hard parts.—A comprehensive term used to include all the skeletal elements ^-isible

externally.

Heterotypic arm, division.—Arm division in which the IBr series is interpolated but

the following extraneous, as m Isocrinus or Pentacrinites.

Hypozygal.—The jjroximnl ossicle of a syzygial jjair.
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Incised dislc.—A disk in which the iaterambulacral areas are greatly reduced in

size through the very strong concavity of their free outer borders (see figs. 16, 17,

p. 67, and 24, p. 69).

Inferior margin.—Of the centrodorsal; the margin of the centrodorsal adjacent to

the radials; the outer edge of the ventral surface.

Fig. 61.—DUQKAM ILLUSTRATING THE HOMOLOGOUS ARMS IN TEN, TWENri", AND THIRTY ARMED COMATCUDS; (o) THE POST-

RADIAL SERIES OF A TEN-ARMED COMATULID; (6) THE POST-RADUL SERIES OF A TWENTY-ARMED COMATULID; THE O.SSICLES

CORRESPONDING TO THOSE SHOWN IN THE PRECEDING FIGURE, NOW INTERNAL, ARE INDICATED BY A HEA^'Y OUTUNE;

(C) THE POST^RADLAL SERIES OF A THIRTY-ARMED COMATWUD; THE OSSICLES CORRESPONDDJO TO THOSE IN FIGURE ARE

SHOWN BORDERED WITH HEAVY LINES.

Infrabasals (IBB).—Small plates forming a circlet below or within the basals and

alternating in position with them; in the comatulids they arc not always devel-

oped, and if present fuse with the centrodorsal in early life.

The infrabasals are the equivalent of the oculars in the echinoids (see

figs. 565-572, pi. 7, and pp. 313-316).

Infrarwdal.—The columnal immediately below a nodal.

Infraradials.—See Suhradials.

Interambulacral.—Situated %vithin the areas delimited by the ambulacral furrows

on the disk.
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Interamhulacral areas (also called Interpalmar areas) .—l:\ie subtriangular areas on

the disk between the ambulacral furrows (see figs. 1, p. 60, 2, p. 61, and 15-18,

p. 67, and pp. 110-111).

InterarticuUir ligament fossx.—The usually more or less triangular fossae seen on the

articular face of an ossicle joined to another ossicle by a muscular articulation

wliich lie just distal (ventral) to the transverse ridge, one on either side of the

central canal (see figs. 9, 10, p. 65, 31, 32, p. 71, and 431, 432, p. 349, and

p. 114.)

Interarticular pores.—In the pentacrinit(>s, the pores between the columnals in the

upper (proximal) part of the column; these are mterradial (mtcrangular) in

position; they do not communicate with the central cavity of the column but

end blindly, usually at some distance from it, just as do the homologous sub-

radial clefts seen in certain comatulids (see fig. 127, p. 197, and p. 232).

Interhrachial.—Occurring on the perisome between the brachials; that is, between

the ossicles of the undivided arm.

Interhrachials (iBr).—Dermal plates occurring in the perisome between the brachials

(see figs. 104, p. 167, 115, 118, p. 183, and 122, p. 191, and pp. 339).

Iniercostals.—Small dermal i)lates occurring in the perisome between the IBr series;

these are, among the comatulids, commonly, but incorrectly, referred to as

interradials (see fig. 104, p. 167).

Interdistichals.—Small dermal plates occurring in the perisome between the IIBr

series.

Intermuscular furrow.—On the articular faces of two ossicles joined by a muscular

articulation, the furrow separating the muscular fosste; it lies along the dorso-

ventral axis (see figs. 10, p. 65, and 431, p. 349).

Intermuscular groove.—See Intermuscularfurrow.

Intermuscular midradialfurrow.—See Intermuscularfurrou\

Intermuscular notch.—On the articular faces of two ossicles joined by a muscular

articulation, a notch separating the distal portions of the muscular fossae (see

figs. 31, 32, p. 71, and 431, p. 349).

Intermuscular ridge or septum.—On the articular faces of two ossicles joined by

a muscular articulation, a narrow ridge separating the muscular fossae in the line

of the dorsoventral axis; in many forms this is replaced by an intermuscular

furrow, or there may be a ridge dorsally which transforms into a furrow vcntrally

(distally) (see figs. 9, p. 65, 31, 32, p.'71, and 432, p. 349).

'

Internal arm.—Any arm arising from the IIBr (or subsequent) division series, except

the two outermost in reference to the IBr series, more rarely in reference to the

IIBr scries (see figs. 616, p. 87, and 78, p. 131).

Internal face of the radial.— (1) The entire surface of the radial within the distal

edge of the muscular fossaa of the articular faces.

(2) The innermost portion of the preceding, which lies in a plane parallel

with the dorsoventral axis of the animal (see figs. 437, 438, 446, p. 351, 549&,

551a, 554, pi. 5, and COO, pi. 177).

Intemodal.—In the pentacrinites, a columnal which does not bear < irri (sec fig. 127,

p. 197.)
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Internodes.—In the pentacrinites, the sections of the stem between the nodals (see
fig. 127, p. 197).

Interpalmar.—Sume as Interamhulacral.

Interpalmar areas.—See Interamhulacral areas.

Fig. 62.

no. 63.

Fio. 6-1.

Figs. 62-64.-62, Diagram showinq the analysis of a chiasma and tue comparative relationship between a chiasma

and the central nervous structures (fig. 64) (drawing by the author). 6.1, diagram showing the course of the
NERVES IN METACRINUS ROTUNPUS (DRAWING BY THE AUTHOR). 64, DIAGRAM OF ONE OF THE FH'E NERVE UNITS OF THE

CRINOIDAL DORSAL NERVOUS SYSTEM, SHOWING ITS INTERRELATIONSHIPS WITH THE ADJACENT SIMILAR NERVE UNITS (DRAWING

BY THE AUTHOR).

Interpinnulars.—Small porisomic plates sometimes developed between the bases of

adjacent proximal pinnules when these arc incorporated in the body wall.

Interpolated arm division.—^Arm division in which the division series are redii]>li-

cations of the first two or first four ossicles of the free undivided arm, as in

most of the recent comatulids (see figs. 61a-c, p. 87).

79146°—Bull. 82—15 7
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Interprimibrachial areas.—The areas in the lateral perisome of the visceral mass

between the elements of the primibrachial (IBr) series.

Jnferradial.—Occupving a jiosition between any two of the five radii, which are

determmcd by linos drawn from the center of the animal along the center of

the radials and of the ossicles of the IBr series, and thence continued outward.

Interrad'ml mouth.—In ('(Tlain of tlie ComasteridsB the mouth moves from its original

position at the base of the anterior ray and comes to lie near the margin of the

disk midway between the bases of the anterior and the right anterior rays,

in an interradial position (see figs. 26-28, p. 69, and ])p. 110-111).

Jnterradkil radials.—In the genus Promachocrinus (which has 10 radials instead of

the usual 5), the radials which lie in the primitive radii, as determined by

the orientation of the centrodorsal and of the basal rays, in contrast to the

radials which lie over the basal rays (see figs. 505, p. 371, and figs. 551a, h, pi.

5, and pp. 191-194).

Interradial ridges.—On the centrodorsal; the ridges sometimes developed iii the

interradial portion of the lateral surface (see figs. 9, p. 65, 191, 192, 194, 196,

p. 237, 203, 204, p. 239, 215, 216, p. 241, 227, p. 245, and 55S, pi. 5, and pp.

2.30-232).

Interradial spoutlike processes.—The interradial processes of the rosette (see figs.

577, 578, pi. 10, and 589, 590, pi. 14, and pp. 320-322).

Interreulial structures.—Structures developed in the interradial portions of the

ventral surface or sides t)f the disk or between the radials.

Interradials.— (1) Plates developed between the radials, and therefore lying in the

radial circlet; among the comatulids they are found well developed only in the

young of the species of TJuiumatocrinus and of Promachocrinus; in the young

of species belonging to other genera interradials, when present at all, are

resorbed soon after formation (see figs. 115-118, p. 183, and 122, p. 191).

(2) Dermal plates developed in the interradial perisome, but entirely with-

out the basal circlet; such plates are common in the species of the family

ComasteridiB, and are often found in species belonging to other families, as for

instance in Antedon bifida, A. diibenii and A. moroccana: those are more prop-

erly known as interprimibrachial plates (see figs. 104, p. 167, and 412, p. 317,

and pp. 335-339).

Interradius.—An interambulacral area.

Intersegmental pores.—Pores leading inward between the ossicles of the division

series and the arm bases, by which the disk is furnished with, a supph' of fresh

water when the division series ami arm bases are in close lateral apposition

(see figs. 14, p. 65, 95, p. 157, 112, p. 179, and 123, p. 192).

Intersyzi/gial interval.—The interval between successive syzygies expressed in terms
of oblique muscular articulations; the number expressing the intersyzygial

interval is the number of oblique muscular articulations occurring between two
successive syzygies (see figs. 30, p. 71, and 35, p. 73).

Interientacular area.—An Interambulacral area.

Inlrapalmar.—See Interambulacral.

Intraradial commissure.—See Commissure.
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Joint jace.—The articular surface of an ossicle.

Lappets.—See Amhulacral lappets.

Large mature a.m.—In those species of comatiilids which have cirri of very different

lengths, the longer cirri which are situated about the periphery of the ceiitro-

dor'sal (see figs. 310, 311, p. 269, and pp. 250-251, 294-295).

Larvse.—ln the comatulids this term is employed to denote the young up to the

time of attachment, after wliich they are designated as pentacrinoids.

FIG 60-LATEEAL VIEW OF THE PROXMAL PORT.OK OF A SPECIMEK OF TBOP.OMETRA MACRODBCUS FROM SOUTHERN
FlO. 6o. LATERAL

™^^ ^^^^^ ^^^ ^^^^^ ^^^^^^ ^^.^^^^ ^ ^^^^^ (BRAWQ BV THE AUTHOR).

Larval stem.-{l) In the comatulids, the column of the stalked young (see figs. 407,

p. 317, and 532, 533, 540, pi. 3, and p. 198).
. . . , ,

(2) In the pentacrinites, the primitive bourgueticrmoid column of vers-

youngindividuals(seefig. 143, p. 205, and pp. 224-226).

Lateral columns.^Oi cirrus sockets; the two columns on the «"f7°«t borders of

each of the five radial areas of the centrodorsal (see figs. 198, p. 237, 2UU, p.

239, and 208-214, p. 241).
, . „

Lateral compression.-Oi the chri, division series or arms; compression between

planes including the dorsoventral axis of the anunal.



92 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

Lateral faces oj the radials.—The faces by which each radial is in aj)positioii with

the radials on either side (see figs. 549a, 5516, and 552, pi. 5).

Lateral j)rocesses.—In certain of the conuitnlids, ventrolateral or dorsolateral

processes dcveloj)ed along the division series and on tlie fii-st or first two

brachials, one to each ossicle, of wliicji llie former assist in supporting the disk

(see fig. 87, p. 143).

Lateral surface.—Of the centrodorsal ; the entire surface between tlie dorsal pole

and the ventral rim (see figs. 220-222, 224, p. 243, and pp. 229-232).

Law of WacJismuth and Springer.—A law by tlie a})i)lication of which the presence

or absence of infrabasals may be determineil; it reads as follows:

"1. In species with infrabasals, whenever the column is jjcntangular, its

longitudinal angles are directed interradially, the sitlos and columnar cirri

radially; on the contrary, in species with basals only, those angles are radial,

the sides of the column and the cirri interradial.

"2. When there are infrabasals and the column is pentapartite, the five

sections of the column are interradial, the longitudinal sutures radial, the radi-

ation along the axial canal radial; but the opposite is the case when basals

only exist."

Exceptions occur in regard to the outer angles and sides of the column,

and the orientation of the axial canal, due to modification by secondary

growth.

Left anterior arm.—The arm or ray next to tlie left of the anterior arm or ray, as

viewed ventrally, that is, with the disk uppermost ; it lies between the anterior

and the left ])osterior arms or rays (see Axis and Orientation).

Left anterior interradial area.—See Axis and Orientation.

Left anterior postr-radial series.—See definition under Left anterior arm.

Left anterior ray.—See definition under Left anterior arm.

Left anterolateral ray.—In the Comasteridae (see Orientation 3).

Left lateral interradial area.—See Axis and Orientation.

Left posterior arm.—The arm or ra}' immediately to the left of the anal area; the

disk ambulacra leading from its base form the left boundary of the anal area

(see Aids and Orientation).

Left posterior post-radial series.—See definition under Left posterior ar^m.

Left posterior ray.—See definition under Left posterior arm.

Left posterolateral ray.—-In the Comasteridse (see Orientation 3).

Ligament pit.—The (usually) well-marked ])it or depression situated in the doi-sal

ligament fossa just within (below) the center of the transverse ridge (see figs.

9-11, p. 65, 31, 32, p. 71, and 431, 432, p. 349, and p. 114).

Lips.—In the Comasteridw the circumoral ring is more or less differentiated into a

smaller anterior and a lai'ger posterior j)ortion instead of being uniform all

around as is the case in the endocyclic species; the two lobes thus indicated

are commonly referred to as lips.

Longitudinal axis.—See Axis 3.
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Fio. 66.

riG. 67. Fig. 6S.

Figs. 66-68.—66, .V cross sectiox through the centrodoksal axd radial pentagon of a specimen op Pentametrocrinus
JAPONICDS from southern JaPAN, SHOWING THE V.UUOUS CA\aTIES AND CANALS AND ILLUSTRATING A TYPICAL M.tCROPHREATE
FORM. The STRUCTURE IS, IN GENERAL, THE SAME AS THATOF FLOROMETRA ASPERROIA (FIG. 67); THE CENTRAL CAVin'rN THE
CENTRODORSAL IS LARGER, AND THE ROSETTE IS SOMEWHAT MORE DORS.^L IN POSITION; THERE IS THUS NO ROOM FOR THE
RADIAL WATER VESSEL BENEATH THE CANAL LODGING THE AXL\L CORD, BUT THE INTERR.UJLiL WATER \'ES.SEL, ON THE OTHErf
SIDE OF THE FIGURE, IS LARGER; THE REENTRANT ANGLE ON THE RIGHT SIDE, REPRESENTING THE DORSAL UGAMENT FOSSA
CUT ACROSS, IS NOT SO DEEP AS IN FLOROMETR.V ASPERROIA. THE MIDRADL\L SECTION (LEFT-HAND SIDE) PASSES JUST
PEO.XIMAL TO THE MIDDLE OF THE KADLAL; THE INTERMUSCULAR SEPTUM IS SEEN RUNNING TO THE OPENING OF THE CA.NAL;

THE DEPTH OF THE MUSCULAR FOSSiE IS SHO'«'N BY THE TUBULAR OUTER PORTION OF THE CANAL. 67, A CROSS SECTION
THROUGH THE CENTRODORSAL AND RADUL PENTAGON OF A SPECIMEN OF FLOROMETR.4 ASPERROIA FROM AlASK.1, SHOWING
THE V.\RI0U3 CAVITIES AND CANALS .AND ILLUSTRATING A MACROPHREATE FORM WHICH HAS ASSUMED M.\NY OUGOPHREATK
CHARACTERS. THE Dn'IDING LINE BETWEEN THE CENTRODORSAL AND THE RADIAL PENTAGON IS INDICATED BY A SERIES OF
SHORT PARALLEL LINES DENOTING A SYNOSTOSIS; TH.VT ON THE RIGHT IS LOW, AS IT PASSES THROUGH A MIDRADLAL PLANK;
THAT ON THE LEFT IS HIGH, AS IT CUTS THROUGH THE INTERRADIAL ANGLE WHERE THE VENTRAL SURFACE OF THE CENTRO-
DORSAL RISES INTO A RIDGE. THE CENTRAL CAVITY INCLOSING THE CENTRAL CAPSULE IS SUOW.N WITHIN THE CENTRODORSAL;
FOUR CmRUS VESSELS LEADING FROM IT ARE CUT LONGITUDINALLY; VENTRALLY THE CENTRAL CAVITY IS BOUNDED BY THE
ROSETTE, A THIN LOBATE PLATE SHOWN HERE CUT ACROSS THE MIDDLE. IN THE RADUL ON THE RIGHT, 'milCH IS CUT LONGI-
TUDINALLY ALONG THE DORSOVENTRAL PL.ANE, IS SHOWN THE BLIND EN'D OF THE RADIAL WATER TUBE AND, ABOVE IT, THE
AXIAL CANAL INCLOSING THE DORSAL NERVE OF THE ARM; IN THE R.VDUL TO THE LEFT, THE LATERAL FACE OF WHICH IS

EXPOSED, IS SEEN THE C.VNAL LODGING THE RADIAL COMMISSLTIE. 6.S, A CROSS SECTION THROUGH THE CENTRODORSAL ANT>

EADLIL PENTAGON OF A SPECIMEN OF COMANTHUS PINGUIS FROM SOUTHERN JAPAN, SHOWING THE VARIOUS CAVITIES AND
CANALS AND ILLUSTRATING A TYPICAL OUGOPHREATE FORM. THE DETAILS MAY BE READILY UNDERSTOOD BY COMPARISON
WITH THE FIGURE OF A SIMILAR SECTION OF FLOROMETRA ASPERRIMA (FIG. 67); THE LINES MARKING THE SYNOSTOSIS
BETWEEN THE R.ADIALS AND THE VENTRAL SIDE OF THE CENTRODORSAL ON THE LEFT ARE LONGER THAN THOSE O.N THE RIGHT,

INDICATINC THE PRESENCE OP A BASAL RAY; THE CENTRAL CAVITY IN THE CENTRODORSAL HAS BECOME VERY SHALLOW; ANT>

THE CENTRAL CU-SULE HAS BECOME DISPLACED VENTRALLV,SO THAT IT LIES LARGELY WITHIN THE RADIAL PENTAGON INSTF_ID

OF E.VTtRELY' WITHIN THE CENTRODORSAL, AS LN TYPICAL MACROPHREATE FORilS; THE ROSETTE UES DEEPLY 'mTUIN THE
DORSAL SIDE OF THE RADIAL PENTAGON. THE FUNNEL-SU.VPED SPACE WITHIN THE RADIAL PENTAGON IS FILLED WITH A
LOOSE CALCAREOUS NETWORK, FOBMDtO THE CENTRAL PLUG.
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Loose suture.—A union between two contiguous calcareous plates formed of amor-

phous connective tissue, by which the i)lates arc but loosely joined together

(see Suture).

Lumen.—The interior cavity of a more or less tubular structure.

M.

Marginal cirri.—The cirri developed along the inferior (proxmial) margin of the

centrodorsal (see figs. 81, p. 134, and 85, p. 139, and pp. 294-295).

Marginal furrow.—An ambulacial furrow which runs along the etlge of the disk

m a horseshoe-shaped course, the mouth being in the center of the furrow (sec

figs. 25-28, p. 69).

Marginal furrows arc oidy foimd in the families Comastcriila3 and Uinta-

crinida;.

Marginal mouth.—A mouth is said to be margmal when it is situated ujx)!! the

margui of the disk, in the center of a horseslioe-shaped margmal ambidacral

furrow (see figs. 25-28, p. 69).

Median column.—Of cirrus sockets; tlie mitlradial columns in each radial area

(sec figs. 198, p. 237, 200, p. 239, and 208-214, p. 241, and pp. 244-247).

Middle pinnules.—See Genital pinnules.

Midradial furrows.—Furrows on the inner or ventral faces of the radials occupying

the median hno (see figs. 435, and 445a, p. 351, and p. 374).

Midradial gap.—The bare midrailial area, bounded on either side by a lateral

column of cirrus sockets, seen in certain types of centrodorsals (see fig. 196, p.

237).

Midradial intermuscular furrow.—See Intermuscular furrow.

Mouth.—The anterior opcnmg of the digostiA'e tube, situated at the focus of the disk

ambulacra; it occu])ies the center of the disk m all comatuUils except those

belonging to the genus Vintacrinus, and most of those belonging to the family

ComastcridiB (see figs. 15-19, p. 67, and pp. 110-111).

MuUibrachiate.—IlaAong more than 10 arms; that is, possessmg IIBr series;

this term is not apphetl to the sjiecies of Pramachocrinus wliich have 20 arms,

arising from 10 radials, each post-radial series dividing once.

Multiplicative regeneration.—See Regeneration A4.

Muscle 2>lates.— (1) The Muscular fossx.

(2) The articulating surface of a muscular articulation.

Muscular articulations.—See Articulations.

Muscular fossx.—The most distal (ventral) pair of fossae on the articulating surface

of a muscidar articulation, servmg for the attachment of the muscles (see

figs. 9-11, p. 65, 31, 32, p. 71, and 431, p. 349, and p. 114).

Naked disk.—A disk upon which no calcareous deposits are visible under ordinary

examination (see figs. 15-17, p. 67).

Nodals.—In the pcntacrinites, the columnals which bear cirri (see fig. 127, p. 197).

Nonmuscular articulations.—See Articulations B.

Non^tentaculiferous arms.—See Grooveless arms.
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0.

Oblique mwscular articulation.—See Articulations Ah.

Opposing spine.—The &\)mo, ridge, or projection on the dorsal side of the penultimate
cirrus segment; the last dorsal spine (see figs. 4, p 63, and 314-318, p. 273, and

pp. 279-282).

Oral.—Situated near the border of the disk, but not onits surface (see figs. l,p.60,

and 6, p. 63, and pp. 112-113).

Oral pinnules.—The pinnules of the proximal part of the arm which do not bear

gonads, and usually do not possess ambulacra (see figs. 1, p. 60, and 6, p. 63,

and pp. 112-113).

Oral surface.—See Adoral.

Orals.—Large more or less triangular plates forming a circlet on the disk about the

mouth; they are interradial m position and are developed above the basals,

from which they may be separated b}' mterradials; though well developed in

the young of all comatuUds, they are in almost all cases entirely resorbed before

the adult stage is reached. The orals probably correspond to the teeth of

echmoids (see figs. 117, p. 183, 407-413, p. 317, 530, pi. 2, 532, 533, pi. 3, and

542, 544, 547, 548, pi. 4, and pp. 340-341).

Orientation.—Two methods have been employed to designate the various radii

and interradii of the comatuUds:

(1) The animal is placed with the dorsal side down, and the disk upper-

most; the different rays are now distinguished as a, the Anterior; b, the Left

anterior; c, the Right anterior; d, the Left posterior; and, e, the Right posterior

(see fig. 22, p. 69, and pp. 110-111); the interradial areas being known as a, the

Left anterior; b, the Right anterior; c, the Left lateral; d, the Right lateral; and

e, the Posterior.

(2) The annual is placed in the same position; the different rays arc

distinguished as Ray A (anterior), Ray B, Ray C, Ray D, and Ray E, counting

from left to right foUowmg the hands of the clock; the prlmarj- derivatives of

the rays (the IIBr series and their derivatives) are represented by inferior

numbers, these being, beginning with the left-hand branch of the anterior ray,

A„ A,, Bi, B,, C,, C,, Dj, D,, Ej, and E,; follo\vhig tliis system the riiterradii

are called Interradius A-B, Interradhis B-C, Interradius C-D (the posterior),

Interradius D-E, and Interradius E-A.

(3) In those comasterids in which the mouth is interradial (situated in

the right anterior interradius, or interradius A-B) tlie left jiosterior ray (D)

which is opposite to it often becomes greatly modified, resulting in a swmging

of the true anteroposterior axis from its original jiosition througli an arc of 36°,

so that it traverses the center of the right anterior interradius (A-B) and tlie

center of the left posterior arm; in this case the right anterior interradius is

sometimes spoken of as the Anterior interradius, and the left posterior arm as

the Posterior arm, with a corresponding change hi regard to all the other radii

and interradii (see figs. 27, 28, p. 69).
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Ossicles.—The calcareous segments or i^hites of which the crinoid skeleton is com-

posed; the term is not employed to iiichide the smaller dermal plates and

spicules.

Outer cirrals.—See Distal cirrals.

Ovsrlapping spines.—Spines developed in the median or snbmedian line of the

brachials which extend obliquely forward, thus overlapping the bases of the

succeeding brachials (see figs. 35, p. 73, 46, p. 81, 94 (outer part of arms),

p. 155, and 99, p. 160).

Ovoid bodies.—Dark, more or less spherical bodies seen in the substance of the

pumules of the ungrooved posterior arms of certain comasterids; these are

sometimes known as sensory bodies.

Pair.—Of pinnules; two immediately succeeding pinnules, each of which is on the

opposite side of the arm from the other.

This term is not used except m reference to the proximal pinniUes, of

which the pairs are Pj and Pa, P^ and P^, P3 and Pc, etc. (see fig. 6, p. 63).

Ungrooved arms such as are found on the posterior radii of certain of the

Comasteri(hc, cud in a pair of pinnules, both of these piimules arisuig from a

single axUlary brachial (see fig. 47, p. 81, and p. 110).

Of arms; see Arm fair.

Paired dorsal spines.—Dorsal spines which occur, two on each cirral, side by side in

a line at right angles to the longitudinal axis of tlio cirrus (see figs. 345-348,

p. 289, 349, 350, p. 291, and pp. 284-285).

Palmar axillary (IIIBraj:).—The third postradial axillary; the terminal ossicle of

the palmar (IIIBr) series.

Palmar pinnules (Pp).—Pimiules developed on the ossicles of the IIIBr (palmar)

series.

Palmars (IIIBr).—The ossicles of the third division series; they are two, three or

four in number, and, so far as known, always termmate in an axillary wliich

may bear either two undivided arms or two post-palmar (IVBr) series.

Parambulacral.—Bordering the ambulacral grooves.

Partial regeneration.—Of the cirri (see Regeneration, B2).

Pentacrini.—Pentagonal or stellate columnals, such as arc found in the columns
of the pentacrinites; this term is usually applied to these columnars only when
found fossil.

Pentacrinoid.—The stalked larva of a comatulid; this term is commonly restricted

so as to refer to the period between the formation of the arms and the loss of

the stem (see fig. 533, pi. 3).

Pentacrinoid larva.—See Pentacrinoid.

Pentagonal base.—The five radials in situ, including within them tlu^ rosette.

Pcntamerous symmetry.—See Symmetry and A.Tis.

Penultimate segment.—Of the cirri, the segment which bears the terminal claw on
its distal end, and the opposing spme on its dorsal side (see figs. 314, 315,

317, 318, p. 273, and pp. 278-280).
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Perisome.—The noncalcareous integument covering the ventral surface of the
animal; in general this term is restrietod so tliat it refers only to the integu-

ment covering the ventral and lateral portions of the disk (see figs. 1, p. 60,

2, p. 61, 6, p. 63, and 15-18, p. 67).

Perisomic interradials.—Perisomic plates arismg secondarily between the division

scries on the outer (dorsal) surface of the disk (see fig. 104, p. 167, and p. 339).

Perisomic plates.—More or less irregular plates developed within the cutis (see figs.

S, p. 63, 18, 19, p. 67, and 122, p. 191, and p. 195).

Perisomic sl-eleton.—The dermal skeleton developed in the perisome of the atlult

animal.

Perisomic spicules.—Spicules developed within the cutis.

Peristome.—The depressed area on the disk immediately surrounding the mouth
(see fig. 15, p. 67).

Perradial.—Same as radial, as contrasted with interradial.

Phytocrinoid

.

—See Pentacrinoid.

Pinnulars.—The segments of the pinnules (see figs. 6-8, p. 63).

Pinnulation.-—The arrangement of the pinnules (see pp. 112-113).

Pinnule ambulacra.—The ambulacral grooves on the ventral surface of the pin-

nules, in contrast to those on the ventral surface of the arms and of the disk.

Pinnule socJceis.—The articular facets on the brachials to which the pinnules are

articulated; they are in origin degenerate muscular fossae (see fig. 32, p. 71,

and p. 273).

Pinnules.—The slender jointed structures which border the arms (see figs. 1, p. 60,

2, p. 61, 3, p. 62, 6, 8, p. 63, and pp. 112-113).

Plate.—As usually employed this term covers calcareous structures which are much
broader than their interior-exterior diameter.

Plated ambulacra.—Ambulacra which are protected by well-developed side and

covering plates (see figs. 7, p. 63, 18, 19, p. 67, and 55, p. 81, and p. 112).

Plated dislc.—A disk upon which secondary calcareous dermal plates are developed

(see figs. 7, p. 63, and 55, p. 81, and pp. 111-112).

Polar cirri.—See Small mature chri.

Posterior arm.—See Axis lb and Orientation 3.

Posterior interradial area.—See Axis and Orientation.

Posterior radii.—The radii on either side of the anal interambulacral area (see

figs. 22-25, p. 69, 117, p. 183, and pp. Ill, 152-161).

In certain of the Comasteridae the left posterior radius becomes curiously

modified, and is then often distinguished simply as the posterior radius, the right

posterior radius being considered hi this case as an anterior radius (see figs.

27, 28, p. 69, and pp. HI, 152-161).

Posterior ray.—In the Comasteridae (see Orientation 3).

Posterior rays.—See Posterior radii.

Post-palmars.— (I\rBr, Mir, VIBr, etc.)—-Series of two, three, or four ossicles,

always ending in an axillary, developed beyond the palmars (IIIBr series).

When tliis term is used the successive series are designated as first post-

pakners (H'Br series), second post-palmars (\rBr series), third post-palmars

CV'iBr series), etc.
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Postradial series.—All the ossicles, collectively, whic.li arc borne by a single radial.

Prehracliial stage.—See Cystid stage.

Primary anteroposterior axis.—See Axis la.

Primary arm.—A term sometimes used to designate the IBr series.

Primary cords.—Tlic live nerve trunks wliich arise from the central capsule (see

figs. 63, 64, p. 89, and pp. 350-354).

Primary groove irunJcs.—See Groove trunks 1.

Primary interradials.—See Interradials 1

.

Primary skeleton.—The Radial skeleton, plus the centrale, the ccntrodorsal, or the

cohimn.

Primihrachs (IBr).—The ossicles following the radials up to, and including, the first

post-radial axillary ; in case the arm docs not divide all the brachials arc regarded

as primibrachs; while tliis term is convenient as indicating the ossicles of the

first di\isi.)n S(>ries, these are by no means always homologous, and therefore

the primibrachs of one species may be morphologically entirely different froni

the primibrachs of another (see figs. 1, p. 60, and 30, p. 71).

Prismatic angles.—When the pinnules are prismatic, that is, triangidar in cross

section, as in the species of Calometridse, Thalassometridai and Charitome-

tridae, the median dorsal line becomes narrowed into a sharp gabel-hke ridge

and the ventrolateral borders become similarly sharpened; in a section of

such a puuiule the median dorsal hne and the ventrolateral borders stand

out prominently as three sharp angles which are laiown as the prismatic angles.

On the distal edges of the pinnulars it is at these angles, more particularly

the dorsal, that the production or overlap and the development of spines

reaches its maximum, and in many types in which the prismatic condition of

the pinnul(>s is but faintly indicated the great excess of spinosity at these

points shows the potential existence of prismatic angles (see fig. 54, p. SI).

Prismatic pinnules.—Pinnules which are more or less sharply triangular in cross

section; they are characteristic of the families Thalassometrida?, Charitome-

trida?, and C'alometridie
;
prismatic pinnules are associated with the presence

along the pinnule ambulacra of well-developed side and covering plates (see

figs. 49, 53, .54, p. 81, and 93, p. 153).

Proximal.—See Distal.

Proximal iorder.—Of the ccntrodorsal ; same as Inferior margin.

Proximal cirrals.—The cirrus segments between the short outer segments which

bear dorsal processes and the short basal segments; this term is used in con-

trast to Distal or Outer cirrals.

Proximal columnal.—The columnal inunediately beneath the calyx.

In the comatulids this cohinnial separates from the one just beneath it

and increases enormously in size, becoming, wholly or in part, the centrodorsal.

Proximal pinnules.—Same as Oral pinnules.

Proximale.—In the post-palseozoic crinoids (excepting those belonging to the families

Encrinidse, and PlicatocrinidiB which are of the palseozoic type) the column
possesses a definite growth limit; wh(>n this is attained the topmost columnal

tj-pically enlarges, becoming permanently attached to the calyx by a close
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suture and to the following columnal by a modified close suture or so-called

stem syzygy (which has no true morphological relationship with the superfici-

ally similar bracliial syzygy) forming a proxirnale, which may be shortly

described as a columnal secondarily modified into an apical calyx j)late.

The proxirnale in its typical form is rare among the recent crinoids, but

appears as the centrodorsal in the comatulids, which, however, discard the

column between it and the next succeeding colmnjial. In the pentacrinites

the proximalc and the larval column are indefinitely repeated throughout life.

In Bathycrinus and allied genera the proximale is many times reduplicated so'

that a large number occur; but, instead of being distributed throughout the

column as in the pentacrinites, they are all restricted to the summit, forming a

cylinder or cone just beneath the crown.

Pseudo-basal rays.—The interradial ridges on the ventral surface of the centrodorsal

which, though an integral part of that structure, are indicated on its outer

surface by rounded tubercles resembling the ends of the basal rays (see fig.

250, p. 253, and pp. 330, 331).

Pseudosyzygy.—A non-muscidar articulation closely resembling a syzygy, but of

entirely different origin, being developed from a synarthry; it occurs only in

places where a synarthry would be expected to be present.

In certain species in which the synarthrial articulations become so close

that motion is rendered impossible, the synarthrial articular faces becomes

modified by the disintegration of the longitudinal ridge into several smaller

radiating ridges, while numerous additional radiating ridges, usually more or

less irregular, are developed so that the articulation, both externally and inter-

nally, comes to have all the appearance of a true syzygy (see figs. 37-40,

p. 75, and p. 113).

R.

Radial.—Lying in the same line as the radii diverging from the radials.

Radial areas.— (1) The five areas in which lie the radials, or through the center of

which run the ambulacra.

(2) On the centrodorsal, the five areas included between lines dra^vn from

the ends of the basal rays, or the interradial sutures, to the apex of the centro-

dorsal or to the center of the dorsal pole (see figs. 192, 194, 196, p. 237, 2Q0,

203, 204, 207, p. 239, 208-216, p. 241, and pp. 230-232).

Radial articularfaces.—The outer faces of the radials, wliich bear the straight muscu-

lar articulations by which the radials are articulated to the first jiost-radial

ossicles (see figs. 431, 432, p. 349, 439, 440, p. 351).

Radial axillary.—A term formerly used for the IBr or costal axillary.

Radial canals.—The tubular structures, more or less comi)lete, witliin the calcareous

skeleton of the calyx which contain the radial prolongations of the water

vascular system (see p. 322).

Radial circlet.—The ring formed by the five railials.

Radial cleft.—See Suhradial cleft.

Radial commissure.—See Commissure.
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Radial faces.—See Radial articularfaces.

Radial mouth.^ln those species of the Comnstericlae in which the mouth is excentric

or marginal it is situated either at the base of the anterior ray, or between the

bases of the anterior and right anterior rays; in the first case it is known as

a radial mouth, and in the second as an interradinl mouth (see fig. 25, and

compare with figs. 26-28, p. 69).

Radial pentagon.—The more or less pentagonal ring formeil by the five radials,

mutually adherent, after the removal of all other structures (see figs. 441-443,

p. 351, which represent two-fifths of a radial pentagon).

Radial 7-adials.—In the genus Promachocrinus, the radials which occupy the normal

radial position, in contrast to the interradial radials, wliich are situated in the

iiitorradial angles over the ends of the basal rays (see figs. 505, p. 371, and 549,

pi. 5, and pp. 191-194).

Radial ridges.—On the centrodorsal; the ridges sometimes developed in the mid-

radial portion of the lateral surface (see figs. 9, p. 65, 227, p. 245, and pp. 230-232).

Radial skeleton.—The Appendicular skeleton plus the Radials.

Radial structures.— (1) Structures associated with the radials.

(2) Structures radially situated.

Radially situated.—See Radial.

Radials (RR).—The five plates from which the arms arise. These are in tlie same
line as the infrabasals and alternate in position with the basals and orals. The
radials are the most important plates in the crinoid calyx; they are always

present and undergo comparatively little change of form; in the comatulids

their size is reduced to a minimum (see figs. 2, p. 61, 3, p. 62, 9-12, 14, p. 65,

30, p. 71, 433-446, p. 351, and pp. 348-382).

In two genera, Promachocrinus and Thaumatocrinus, there are 10

radials, 5 in the usual position, and 5 interradial situated in line with the

basals and orals; the former are the 5 radials of the other genera, while the

latter are secondarily derived from intcrradials.

The radials are the equivalent of the termmals of the asteroids, and of the

ambulacrals bordering the jieristome m the urchins.

Radianal (RA).—A plate occurring in the pentacrinoid young of the comatulids sit-

uated between the two posterior radials, usually more or less accommodated in a

concavity m the radial to the right of the posterior interradius, and resting

on the posterior basal, usually to the right of the median line, at the base of the

anal tube; in most developmg comatulids it is the only prominent interradial

plate; it is always resorbed early hi post-embr\-onic life (see figs. 413, p. 317,

553, pi. 5, 560-562, pi. 6, 576, pi. 9, 588, pi. 13, and 594, pi. 16, and pp. 331-335).

Heretofore tliis plate has always been mcorrcctly caUed the anal, under
the supposition that it represented the anal x of fossil forms..

The normal position of the radianal, in which it occure in most of the
fossil t}-pi>s in which it is developed, is beneath the right posteiior radial,

between that radial and the iufrabasal; it is the last remnant of a circlet of

five subradial plates.
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Radicular cim.—Irregular branching cirrus-like structures developed on the ter-

minal columnals; they are primarily a development from the primitive termmal

stem plate (see figs. 5, p. 63, 540, 541, pi. 3).

Bay.—A radial, together with all the structures which it bears.

Reductive regeneration.—See Regeneration A2.

Regeneration.—The rejuvenation of lost parts; Minckcrt recognized four ty]>es of

arm regeneration among crmoids, as follows:

(Al) Reproductive regeneration.—The replacing of an arm lost by one

similar to it. .

(A2) Reductive regeneration.—Regeneration resulting m a decrease m
the number of arms.

(A3) Augmentative regeneration.—The regeneration of an axiUar}- and a

pair of arms in the place of a single arm lost.

(A4) Multiplicative rcgeneration.—The simultaneous regeneration of sev-

eral arms in the place of one lost.

In the regeneration of the cirri he recognized two types, as follows:

(Bl) Entire regeneration.—Jn which a cirrus, lost at the articulation

between it and the centrodorsal, is replaced, and

(B'^) Partial regeneration.—In which a cirrus broken oiT at some ihstance

from the base, regenerates the lost distal portion (see fig. 319, p. 275, and

p. 294).

Reproductive regeneration.—See Regeneration Al

.

Resorption.-The dissolution and subsequent disappearance of any calcareous

structure.

Right anterior arm.—See Axis and Orientation.

Right anterior interradial area.—See Axis and Orientation.

Right anterior ray.—See Axis and Orientation.

Right anterolateral ray.—See Axis and Orientation

Right lateral interradial area.—See Axis and Orientation.

Right posterior arm.—See Axis and Orientation.

Right posterior ray.—See Axis and Orientation.

Right posterolateral mi/.—See Axis and Orientation.

Rosette -A delicate calcareous plate with five radial and five mterradial processes

situated within the circlet of radials just below the dorsal surface of the radial

nentacron- it is formo.l by a curious process of transformation from the iive

arvafbasals, and is not found except m the comatulids, among wluch it is

of ahnost universal occurrence so far as the recent forms are concenied being

absent only m the genus Atelecnnus (see figs. 12, p. 6;., 230, 231, P-2-t' ,'>^'l'

p 2T4 44-452, p. 353, 453-458, p. 355, 459-464, p. 357, 466-469, p. 359, 471-

$76 n 361 477-?82, p 363, 483-489, p. 365, 490-495, p. 367, 496-501, p. 360,

5oL';8, p 371, 509' 510, '512, 513, p. 373, 577, 578, pi. 10, and 589-591,

t)l 14, and pp. 320-324).

Rou^^Of Cirrus sockets, a horizontal series, as contrasted .nth a cohunn, or v.-rtical

series (see figs. 149, p. 220, and 202, p. 239, and pp. 226-228).
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S.

SaccuU.SmiiU "globular or ovate sacs which occur, often abundant!}', along the

edges of the ambulacral grooves of the disk, arms and pinnules; in jjreserved

siiecimous ihey are usually dark brownish or reddish, and vcrj' conspicuous,

but sometimes are nearty colorless; they also occur in the interior of (he

body; they are not found in the species of the family ComasteridsB (see figs. 15,

10, p. 67, and p. 111).

Second brachial (Br,).—-(1) The ossicle which bears ujion its distal face the first

oblique muscular articulation (see fig. 30, p. 71), and normally also Pj.

(2) The second ossicle of the free undivided arm.

Second jnnnule (Pj).—The pinnule borne by the fourth brachial of the free imdi-

vided arm; it is absent in a number of species belonging to various genera (see

fig. 6, p. 63).

Secondary anteroposterior axis.—See Axis 1&.

Secondarij bilateral symmetry.—See Symmetry and Axis.

Secondary cords.—The nerve cords after their first division as far as the intraradial

commissure (see figs. 63, p. 89, and 6.5, p. 91).

Secondary groove trunks.—See Groove trunks 2.

Secondary intcrradials.—See Interradials 2.

Secondary skeleton.—See Perisomic skeleton.

Secundibrachs (IIBr).—The undivided series of- ossicles following the IBr axillary;

this series may terminate in an axillary or may remain imdivided. In the

latter case the term secundibrachs is not now employed, but the ossicles are

considered as constituting the free arm (see fig. 29, p. 71).

Segment.—An individual ossicle from a linear series.

Sense organ.—See Sensory organs.

Sensory organs.—Same as Ovoid bodies.

Separated rays or division senes.—Rays or division series which diverge sufficiently

so that the pei-isome is readily visible between them (see figs. 41, 42, p. 77, 89,

p. 147, and 98, p. 159).

Side plates.—Small, usually squarish or oblong, plates developed along the ambu-
lacra of the arms and pinnules just outside of the covering plates; that is,

between the covering plates and the ventral edges of the brachials or pinnulars;

side plates are always accompanied by covering plates, though the latter often

occur alone, as in the genera Nemaster and Comatilia, and in many stalked

groups (see figs. 7, p. 63, and 55, p. 81, and p. 112).

Simple extraneous arm division.—Arm division m which all of the branchings are of

the extraneous type, as in Metacnnus.
Skeleton.—Strictly speaking, the entire calcareous framework of the animal, but

used by most authors to indicate the calcareous framework or the doi-sal

surfac<>, of the arms, calj^x, and ])mnides.

Small mature cirri.—The apical and subapical cirri, when differentiated from the

peripheral by their smaller size (see figs. 310, 311, p. 269, and pp. 250-251);
(see Large mature cirri).
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Smooth cirri.—Cirri without dorsal spines or processes on the distal segments (see

figs. 312, 313, p. 271, 316, p. 273, 327, 328, p. 281, 340, p. 287, 356, p. 293, 360,

p. 295, 371-373, 376, p. 299, 404, p. 311, and 414, 415, p. 319, and pp. 286-292).

Soft parts.— (1) A comprehensive term used to include all the organs or systems
except those directly concerned in the formation of the skeleton.

(2) The visceral mass.

Spherodes.—See Ovoid bodies.

Spicules.—Small, sharp-ended calcareous structures developed in the perisome, or

in the walls of the internal organs ; they may occur in the tentacles ; the spicules

occurring along the borders of the ambulacral grooves in many species are in

reality rudimentary side and covering plates.

Spiny ciTri.—Cirri which have dorsal spines or processes developed on their outer

segments (see figs. 323, p. 277, 325, p. 279, 333, p. 283, 336-339, p. 285, 341-.343,

p. 287, 347-348, p. 289, and pp. 286-292).

Spout-like processes.—The interradial processes of the rosette.

Stalk.—See Column.

Star stones.—See Pentacrini.

Stem.—See Column.

Stem syzygy.—^An intercolumnar articulation occurring between the proximale and

the next ossicle below it, or between the reduplications of the proxmialc and the

ossicles next beneath (in the comatulid column between the centrodorsal and

the next following segment, and in the pentacrinite column between each nodal

and the following infranodal) which superficially i-escmbles a brachial syzygy,

more particularl}' a brachial syzygy of the type occurring in the pentacrinites.

It is in reality, however, a modification of a close suture and has no morpholog-

ical relationship to the brachial syzygy.

Straight muscular articulation.—See Articulations Aa.

Subamiulacral plates.—Plates developed beneath the ambulacral grooves.

Suhcentral mouth.—A mouth is said to be subcentral when it is anterior to the center

of the ventral surface of the disk, and the two posterior ambulacra are more or

less longer than the other three.

Submargincil anus.—An anus situated just within the outer margin of the anal area

(see figs. 18, p. 67, and 117, p. 183).

Subradial cleft.—A deep, narrow cleft extending inward between the dorsal surface

of the radials and the apposed surface of the centrodorsal in the comatulids; it

usually reaches from the end of one basal ray to the end of the one adjacent

;

it always ends blindly (see figs. 194, p. 237, 203-205, p. 239, 208-216, p. 241,

and 531, pi. 2).

The subradial cleft is the homologue of tlie interarticular pores of the

pentacrinites.

Siihradials.—The plates situated immediately beneath the ratlials, between the

radials and the infrabasals. It is very rare to find subradiaLs developed all

aroimd the calyx, but in many t3'pes a single subradial occurs, beneath the

right posterior racUal, wMch has received the distinctive name of Eadianal.
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SubracliaLs do not occm- in the adults of any of the recent species, but

the right posterior subradial, or raiUanal, is a lai^e and coixspicuous plate in

all [H'ntacrlnoid lan'a\

De Koninck used the term subradial as the equivalent of basal, but in

this use he has not been followed by subsequent authors.

Supplementarij I'lgament fossx.—Triiiii<;ular ligament fossse developed on the outer

ends of the transverse ridge (sco fig. 432, p. 349).

Supplementary muscle plates.—Thin plates developed in the proximal inner angle

of the muscular fossa?, and lyijig upcm the muscular fossae; their function and

significanco are not understood, but their outer margm may mark the limit of a

growth stage characterized by thick muscle plates, short muscle fibers, and a

less flexible articulation than that of the adult, or they niay be developed as a

result of the partial deterioration and shortening of the inner fibers of the

muscle bundles (see fig. 431, p. 349).

Supranodal.—The columnal immediately above a nodal (see fig. 127, p. 197).

Supra-palmars.—Sec Post-palrnars.

Suture.—A union of two adjacent ossicles formed of amorphous connective tissue

strands; sutures are of two kinds:

(1) Loose suture.—A suture in which the connecting strands of connective

tissue arc entirely devoid of any calcareous deposit, allowing of a certain

amount of play between tlie plates.

(2) Close suture.—A suture m which there has been more or less of a deposit

of calcareous matter on the apposed edges of the plates so that, though not

welded together, they are unmovably united.

Symmetry.—Three types of symmetry, occur in the comatulids, as follows:

(1) Bilateral symmetry, in the free swimming larvae.

(2) Pcutamerous symmetry, in the adults of most of the species; this

pcntamerous symmetry is never quite perfect, the digestive system, for instance,

never bemg afifected by it (see figs. 22-24, p. 69, 77, p. 130, 78, p. 131, 80,

p. 133, 101, p. 163, 107, p. 173, and pp. 152-161).

(3) Secondary l)ilatcral symmetry, in the adults of certain species of the

family Comasteridae (see figs. 26-28, p. 69, 45, p. 79, and pp. 110-111); (see

Axis and Orientation).

Synarthrial tubercles.—Dorsal external tubercles developed on the line of union
between two ossicles joined by synarthry (see figs. 86, p. 141, 110, p. 176,

112, p. 179).

Synarthry.—Sec Articulations Ba.
Synostosis.—A complete welding of two adjacent plates through the medium vi cal-

careous interdcpositi(m.

Syzygial pair.—A pair of brachials, or of any other ossicles, united by syzygy (see

fig. 35, p. 73, and p. 113).

Syzygium.—See Syzygy.
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Syzygy.— (1) An immovable articulation formed exclusively of ligament fibc'-s; in

the comatulids the apposed faces arc marked with numerous fine radiating

ridges; externally the syzygy appears as a narrow usually whitish lino win-

ning across the arm at right angles to the longitudinal axis (see figs. 2, p. 61,

6, p. 63, 30, 34, p. 71, and 35, p. 73, and p. 113).

(2) This term is often used to denote a pair of ossicles united by syzygy,

that is, a syzygial pair.

(3) Pourtales has used this word as the equivalent of intersyzygial inter-

val, in Minckert's sense; that is, to denote all the brachials between two adja-

cent syzygies.

T.

Tegmcn or legmen calycis.—See Dislc.

Terminal axillary.—In the comasterids, the terminal orachial of an ungrooved arm,

when that brachial bears two pmmdes instead of one pumule and another

brachial as usual (see fig. 47, p. 81).

Terminal claw.—The conical, sharp pomted, more or less curved ossicle which forms

the termination of a cu-rus (see figs. 4, p. 63, 314-318, p. 273, and pp. 276-278).

Terminal comh.—See Comh.

Terminal pinnules.—The pmnules of the extreme arm tip (see figs. 46, 47, p. 81).

Terminal stem plate.—The Dorsocentral.

Tertibrachs (IIIBr).—The ossicles composmg a division series or an arm arising

from a TIBr (distichal) axillary; the palmars.

Tetrabraclts (IVBr).—The ossicles composing a division series or an arm arising

from a IIIBr (pabnar) axillary; tlie fii'st post-palmars.

Topmost columnal.—See Proximal columnal.

Transition segment.—The segment upon which the transition between the longer

smooth and the shorter spmous (distal) cu-rus segments takes place; the transi-

tion segment usually resembles the segments precedmg in its proxmial two-

thu-ds, and the segments succeedmg m its distal thu-d; it is commonly darker

in color than any of the other cu-rus segments (see figs. 4, p. 63, 363-367, p. 297,

and pp. 290-292).

Transverse ridge.— {1) On the jomt faces of a muscular articulation, the strong

ridge crossmg the jomt face just dorsal to the central canal and separating the

large single dorsal ligament fossa from the pau-ed mterarticular ligament

fossa?- it'serves as the fulcrum upon which the motion at the articulation is

accommodated (see figs. 9-11, p. 65, 31, 32, p. 71, and 431, p. 349, and p. 114).

(2) On the dorsal surface of the cirrus segments, a serrate ridge, some-

times more or less crescentic, which traverses the segments at right angles to

the longitudinal axis; it is commoidy central or subterminal m position; trans-

verse ridges on the cirrus segments are only developed in a few genera (see

figs. 345,"?. 289, 349, 352, p. 291, and 353, p. 293, and p. 109).

Triangular pinnules.^ee Prismatic pinnules.

79146°—Bull. 82—15 8
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Tnangular processes.—The iiiterrndial j)rocesses of tho rosette (see figs. 577, 578,

pi. 10, and 589, 590, pi. 14, ami pp. 320-322;).

Tripled dorsal spines.—Dorsal spmcs which occur, three on each cirral, in a line ut

right angles to the lojigitudLaal axis of the cirrus (see fig. 348, p. 289).

Trivium.—In species of comasterids jjossessing ungroovcd arms and primary bilat-

eral symmetry, the three anterior arms; that is, the anterior, tho right anterior,

and the left anterior arms (see pp. 110, 111); (see Bivium, Axis, and Orientation)

.

TrocJiitse.—Fossil columnars, considered individually.

U.

Underbasals.—See Infraiasals.

Ungrooved arms.—See Grooveless arms.

Unplated ambulacra.—Ambulacra bordered by rudimentary side and coTering

plates not visible on ordinar}' examination, or by none at all.

Unplated disk.—A disk upon which no epidermal calcareous plates are to be found

on ordinary examination (see figs. 15-17, p. 67).

Upper surface.—The surface of tho animal, or the surface of any part of the animal,

which is directed awaj- from the ground or the base when the animal is in

its natural position.

Thus the ventral surface of the animal as a whole is the upper surface.

Of the centrodorsal and the cirri, or tho stem, or of their component parts,

the proximal surface or surfaces are the upper, but of the other elements

the distal.

V.

Ventral interradlal furrows.—The furrows on the ventral surface of the radial

pentagon which lie over the intcrradial sutures (see figs. 453, p. 355, 464, p. 357,

465-467, p. 359, 477, 478, p. 363, 488, 489, p. 365, 497, 499, 500, 501, p. 369,

503, 505, 507, 508, p. 371, and 509-511, p. 373, and p. 374).

Ventral margin.—Of the centrodorsal (see Inferior margin)

.

Ventral perisome.—The perisome of the disk and of the ventral surface of the arms
and pinnules.

Ventral spines.—On the cirri; long overlapping spines sometimes developed on the

distal midventral margin of the earlier segments.

Ventral spines are xerj rare, but are well developed in the species of the

genus Pteronietra.

Ventral surface.—See Adoral. Of the centrodorsal, tliat surface which is in contact

with the radials (see figs. 229-234, p. 247).

Ventrolateral processes.—The produced ventrolateral borders of the ossicles of the

division series and of tho first two brachials, as seen in Stephanometra and
Cenometra (see fig. 87, p. 143).

Visceral mass.—The central capsule resting upon the radials and tho arm bases

and bounded ventrally by the disk and laterally by tho division series and
so-called interradial areas.
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Although in reality continuous with its exteiisions along the ventral
surface of the arms, for convenience the \'isceral mass is assumed not to extend
out farther than the second bracliial, this being the point at which it com-
monly ruptures on being detached from the animal.

Visceral skeleton.—A skeleton, in the form of scattered spicules, developed witliin
the visceral mass.

Wachsmuth and Springer's Law.—See Law of Waclismuth and Springer.
Wall-sided.—The ossicles of the division series and arm bases are said to be wall-

sided when they are closely appressed agauist each other, and their appressed
sides are sharply flattened (see figs. 43, p. 77, 88, p. 145, 94, p. 155, 96, p. 159,
99, p. 160, 100, p. 162, 101, 102, p. 163, and 558, pi. 5).

Water pores.— (1) The madreporic pores.

(2) the intersegmental pores.

Whorl.—Of cirri; a row.

EXPLANATION OF SYMBOLS.

In the description of a comatulid the number of the cirri is expressed bv Roman
numerals, and the number of their component segments by Arabic ; thus " cirri XVII,
25" means that the animal has 17 cirri, each ft-ith 25 segments.

The division scries are designated by the letters "Br" preceded by the figure

(in Roman numerals) denotmg the numerical sequence of the series; thus "IBr"
refers to the primibrachs (figs. 1, p. 60, 3, p. 62, 29, p. 71), or the first division series

following the radials (R R), the " costals " of P. H. Carpenter's terminology in his later

works, or the "second and third radials" of the CJiaUenger reports; IIBr, orsecundi-
brachs (fig. 29, p. 71), is equivalent to Carpenter's "distichal series," IIIBr to

"palmar series" (fig. 29, p. 71), IVBr to "post-palmar series," etc. The individual

elements of the division series are indicated by so-caUcd uiferior numbers; thus
IIBrj means the "first distichal" or the first ossicle folJoMing the first division series

and IIIBrj means the second ossicle of the "palmar" or third division series. The
ossicles of the free undivided arm are referred to simply as brachials.

It should be emphasized that the employment of these symbols is merely a matter
of convenience and docs not m any way imply an homology between division scries

bearuig the same designation ui different genera.

The presence of a syzygj' is indicated by the use of the symbol " +"; thus

"IIBr 4(3 + 4)" means that the second division series (the sccundibrachs or "dis-

tichals") are composed of four ossicles, of which the third and fourth are united

by syzygy (fig. 29, p. 71V

The outer pinnules of an arm arc numbered in regular sequence, P,, Pj, P3, P^,

etc.; the inner pinnules are lettered, Po, Pj, P^, P^, etc. (fig. 6, p. 63). The
IBr or "costal" pinnule (only found in the genus Eitdiocrinus) is given as Pc (figs.

S3, p. 136, 84, p. 137), the IIBr or "distichal" pinnule as Pu (fig. 81, p. 134, on the

outer side of the second ossicles above the first axillary), and the IIIBr or "palmar"
pinnule as Pp (fig. 81, p. 134, the two apparently small pinnules on the second
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ossicles beyond the second axillaries; they lie side by side in the median line of the

figure, the correspondmg pinnules on the outer side of the ray are more or less

concealed ]>y the Pi>), the use of these infonor capitals serving to differentiate these

puuuiles from those of the inner side of the arm.

DESCRIPTION OF A COMATULID.

Before takuig uj) the detailed description of the mdividual structures which

collectively make up the comatulid whole, it would be well to give a short sketch of

the more important features of the comatulid organization in their logical sequence,

in order that these structures may jjroperly be appreciated as uitegral parts of a

collective entity. It has been a common fault in works of monographic scope to

discuss each structure in great detail without giving a description of the entire animal

as the sum of its component structures, so that, imless the reader is himself possessed

of a veiy considerable knowledge of the subject, he is often quite unable, without an

enormous amount of study, to appraise each feature of the animal in its true pro-

j)ortion. It is hoped that the following short sketch will servo to present a con-

nected picture of a comatulid whereby the detailed account of each separate structure

will be made more easy of comprehension.

For purj)oses of systematic description a comatulid (fig. 1, j). 60) is discussed

under eight distinct subheadmgs, viz:

(1) The Centrodorsal,

(2) The Cirri,

(3) The Basal rays,

(4) The Radials,

(5) The Division series,

(6) The Free undivided arms,

(7) The Disk and Ambulacra, and

(8) The Pinnules.

This has, after many trials, been found to be the most satisfactory method
of treatment from a systematic pouit of view.

(1) The Centrodorsal (see figs. 1, p. 60, 14, p. 65, and 29, 30, p. 71) is the

stellate, discoidal, button-like, conical or columnar central or apical j)late, from
which all the other structures ap{)oar to radiate; it is situated in the exact center

of the aboral (dorsal) side of the animal.

The centrodorsal bears on its sides more or less numerous shallow pits or facets,

each ^\^th a small central ])erforation, known as Cirrus sockets or Cirrus facets (see

figs. 94, p. 155, and 96-98, p. 159), which mark the place of attachment of the Cirri (see

figs. 101, 102, p. 163, and 105, p. 169). These cirrus sockets may be arranged m defi-

nite alternating horizontal rows (see figs. 174, p. 231, and 219, p. 243), or in 5 (see fig.

207, p. 239), 10 (see figs. 190, p. 235, 192, 194, 196, p. 237, 203, 204, p. 239, 215, 216,

p. 241, and 227, p. 245), 15 (see figs. 198, p. 237, 200, p. 239, and 210-214, p. 241), or

20 (see figs. 208, 209, p. 241) definite vertical columns, or may be closely crowded
and quite without any dcfmite arrangement (see figs. 172, p. 231, and 226, p. 243).

In the fully g^o^vn of certain species belonging to the family Comasteridse tlie

centrodorsal may be reduced to a small thin pentagonal or stellate plate sunk to.
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or even below, the dorsal surface of the radials, and quite devoid of cirri (see figs,

153-159, p. 221, 162, p. 223, 164, p. 227, and 168-170, p. 229).

(2) The Cirri are slender articulated appendages of practically uniform thick-
ness arising from the pits or cirrus sockets on the sides of the ccntrodorsal (see

figs. 96-98, p. 159, 306, 307, p. 265, 308, 309, p. 267); they serve to attach the animal
to the sea bottom or to other oi^anisms, such as sponges, corals, gorgonians, fuci,

hydroids, etc. The cirri are composed of a number of segments known as Cirrals,

which, within narrow limits, is definite for each species; they end in a sharp curved
Terminal claw (see figs. 4, p. 63, 314-318, p. 273) ; the last segment before this termi-

nal claw, known as the Penultimate segment (see figs. 314-318, p. 273), usually bears
dorsally at or near the distal end a more or less developed sharp process, the
Opposing spine (see fig. 4, p. 63), which opposes the terminal claw, the two terminal

segments together resembling somewhat the chela of a crab ; but in the comatulid
the articulated digit is, on account of its very close ligamentous union with the

penultimate segment, immovable.

The cirrals, more especially those in the distal part of the cirri, and more
especially in long cirri, often bear upon the dorsal side sharp single (see fig. 333, p. 283),

or double (see fig. 350, p. 291), more rarelj- triple (see fig. 348, p. 289), Dorsal spines

or tubercles (see fig. 370, p. 299), or serrate Transverse ridges (see fig. 352, p. 291),

and are usually more or less compressed laterally.

In cases where the proximal part of the cirrus is without dorsal spines and
rounded in cross section, and the distal part is laterally compressed and dorsally

spinous, the transition between the two parts is frequently efi'ected \\dthin the

compass of a single segment, which resembles the preceding proxinially and the

succeeding distally, and is usually darker in color than any of the other segments;

such a segment is known as a Transition segment (see fig. 4, p. 63).

(3) The Basal rays (sec figs. 12, p. 65, and 229, p. 247) appear externally as

usually small low tubercular prominences, rounded or more or less rhombic in out-

line, just above the proximal margin of the ccntrodorsal, between the bases of

adjacent radials (see fig. 415, p. 319). They are frequently entirely absent, or they

may be present in only a few of the five interradial angles.

(4) The Radials (see figs. 14, p. 65, and 30, p. 71), five in number (ten in the two

genera Promachocrinus and Thmimatocrinus), (see figs. 113, 114, p. 181, and 505,

p. 371), usually appear externally as narrow oblong or more or less crescentic plates,

usually somewhat concave anteriorly, and always convex exteriorly (dorsally),

protrudmg beyond the edge of the ccntrodorsal; but in many genera they barely

reach the edge of the ccntrodorsal, while in other genera they may be entirely

concealed by it.

(5) Followuig the radials there are (except in two genera in which a single

undi\4ded series of ossicles arises from each radial) from one (the commonest num-

ber) to eight or nine Division series (see figs. 61, p. 87, 116, p. 183, one, 75, p. 128,

two, 81, p. 134, tlu-ee, 164, p. 227, four or five) of two, tliree, or four ossicles

each, each tcrminatmg m an axillary from wliich two similar derivatives,

either further division series or undivided arms, arise. These division series,

usually !xll morphologically homologous, are known, in order of their occurrence
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as Primibrachs (IBr), Secundibrachs (IIBr), Tertibrachs (IIIBr), Tetrabrachs (IVBr),

etc. The first series (absent in the family Pentametrocrinidse and in the genus

Atopocrinus of the Atelecrinidfe) is invariably composed of two elements, and it is

therefore an easy matter to detect the concealment of the radials by counting

backward from the first post-radial axillary, except in the five-armed genus Eudio-

ainus in which the first division series, though present, does not terminate in an

axillary (see figs. S3, p. 136, 84, p. 137).

(6) The Free undivided arms (see fig. 29, p. 71) arise from the final axillaries,

and are composed of a linear series of (as viewed dorsally) wedge-shaped and

triangular, or more or less oblong, brachials which end in a growing tip.

In certam species of the family Comastcridaa from one to six of the arms may
end m an axillary bearing a pair of piimules (see figs. 456, p. 79, 47, p. 81); such

anns may be recognized by the entire absence of ambulacral grooves, and by their

shortness, they sometimes being not more than one-tliird, and often not more than

one-half, as long as normal arms (see fig. 45, p. 79).

(7) The Disk (see figs. 15-19, p. 67, and 117, p. 183) is the adoral (ventral)

covering of the internal organs, and appears to unite the bases of the arms on

their ventral side; it is exactly opposite in position to the centrodorsal. The

perisome of the disk is continued down between the division series to the radials,

and outward along the ventral surface of the arm to the tip, as well as along the

ventral surface of the pinnules almost to their tips.

The disk is sometimes pentagonal or more or less cii-cular m outline (see figs.

15, 19, p. 67), the outer borders of the interambulacral areas being straight or

slightly convex; but often the outer borders of the interambulacral areas are

strongly concave so that the disk becomes approximately stellate m shape (see figs.

16, 17, p. 67); in the latter case the disk is said to be incised.

The ventral perisome of the outer, and usually the middle, pinnules, and of

the arms is almost invariably marked in the median line by a deep furrow, the

Ambulacral groove (see figs. 15-19, p. 67, and 45a p. 79) ; the grooves from the various

arms of each ray converge and unite upon the disk, fonnmg five radiating grooves,

wluch themselves converge to the central or subcentral Mouth (see figs. 15-19, p. 67)

;

the latter may be readily distinguished as a round, oval, or crescentic opening in

the center of the converging ambulacral grooves.

In the Comasteridte and Umtacrinidre the ambulacral grooves from the arms

usually lead into a horseshoe-shaped or crescentic furrow about the margin of the

disk, the mouth being at or near the center of this furrow and therefore marginal

(see figs. 25-28, p. 69), and many of the species belonguig to the first-named

family are further peculiar in that ambulacral grooves are often entirely absent

from the posterior rays, and sometimes from many or all of the anns arising from
the otiier raj-s (see figs. 27, 28, p. 69, and 45, p. 79).

When the surface of the disk is divided by five subequal converging ambulacral

grooves into five roughly triangular Interambulacral or Interpalmar areas (see figs.

15-19, p. 67), one of these is usually seen to be sliglitly larger than the rest and
to contain, at or near the center of its margin a conical prominence, perforated at

the tip, the Anal tube (see figs. 15-19, p. 67); this area, which includes the anal
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tube, is known as the anal area, and it is from this area that all crmoids are

oriented, a plane passing through the anal tube and tlirough the mouth, and there-

fore also along the ambulacrum leading to the anterior ann, and through the center

of the so-caUed anterior radial and anterior post-radial scries of ossicles (division

series and free undivided arms), dividing the animal into two equal halves, which

exhibit more or less, in the Comasteridje often very pronounced, bilateral symmetry
(seefigs. 22-2S, p. 69).

In certam species of the Comasteridse the mouth moves from the original

position at the base of the anterior ray to a position between tiie bases of the

anterior and the right anterior rays; this results in making the left branch of the

peripheral ambulacral furrow much longer than the right branch; a balance between

the two is attained by the d\vuidlmg and eventual suppression of that part of the

left branch which supplies the left posterior ray, so that the two maui ambulacral

furrows are agam equal, each supplying two arms or rays, the fifth ray being quite

devoid of ambulacra. Tliis fifth ray, after the loss of its ambulacra, becomes much
reduced m size. There is now a well-marked bilateral symmetry, quite different

from the origuial bilateral symmetry; a plane passmg through the center of the

left posterior arms and division series and along the center of the left posterior

IBr series and radial, thence tlu-ough the (central) anal tube and interradial mouth

situated between tlie bases of the anterior and right anterior rays, divides the

animal uito two equivalent halves. The plane of bilateral sjTiimetry has therefore

become slufted, in the direction of the movement of the hands of the clock, one-

tenth of a circumference, or 36° (see figs. 27, 28, p. 69).

In the Comasteridse and Uintacrinidte the anal area is usually of very much

greater size than any of the other interambulacral areas, including sometimes

almost the entire surface of the disk and forcing the ambulacral grooves and mouth

to a marginal position. The anal tube in these two families is usually nearly or

quite at the center of the disk, whereas in the other families it is marginal or

submarginal (see figs. 22-28, p. 69).

Set closely together in a single Ime along each side of the ambulacral grooves

of the disk, arms and pinnules (except in the species of the family Comasteridse)

are small round bodies, usually (in preserved specimens) yellow, or various shades

of red and violet to nearly black in color (though colorless ui life), known as Sacculi

(see fifs. 15, 16, p. 67). These sacculi are of some hnportance systematically,

varymg greatly in abundance and in distribution in different groups.

In certain species of the Comasterida; there are found upon the posterior un-

grooved arms much larger rounded bodies knowm variously as Spherodes, Ovoid

bodies or Sense organs.

The perisonie of the disk alwaj's contains in its inner layers calcareous concre-

tions of secondary (p'erisomic) origin. These often become much enlarged and

thickened so as to project above the surface of the disk m the form of prominent

calcareous nodules which may be scattered or, if they are very numerous, may

form a solid calcareous pavement, in which case the disk is said to be Plated (see

ficrs. 18, 19, p. 67). These nodules or plates are most commoidy found in the

anal area about the base of, or on, the anal tube, or m the interprunibrachid areas,
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or ;iloug the ainbulacrd grooves, especially toward the mouth. In a few genera

similar plates arc developed in the brachial perisome between the inner ends of

the brachials.

The ambulacra of the arms and pinnules are often bordered by two rows of

small thin plates, the outer lying on the pinnules along the ventral edge of the

pinnulars. stjuarish or oblong, each usually with a notch at the distal proximal

corner for the reception of the sacculi, the iimer, lying just within these and usually

in preserved specimens folded down so as completely to roof over the ambulacral

grooves, directed obliquely forward, rovmdcd anteriorly, more or loss pointed

posteriorly like a melon seed. The plates of the first or outer row are known as

Side plates, while those of the second or inner row are known as Covering plates

(see figs. 7, p. 63, and 55, p. 81). Covering plates occur alone in the Comastoridje,

but m the other families the two rows are either both present, both rudimentary,

or both entirely absent.

These plates are similar in origin and significance to the concretions on tlie disk,

dill'ering only in the greater regularity of size and shape. The two types are con-

nected by intermediate types bordering the ambulacra of the arms and of the

disk (see figs. 18, 19, p. 67).

It is interesting to note a close connection between the development of the side

and covering plates and the development of concretions upon the disk, for when
side and covering plates are present the disk is always more or less heavily plated,

and when side and covering plates are rudimentary or absent the disk is, with

rare exceptions, almost or quite VRthout plates or visible concretions.

(8) Along either side of the free undivided arm is a row of slender and tapering

articulated processes, alternating in position, the Pinnules (see figs. l,.p. 60, 2, p. 61,

3, p. 62, 45, p. 79, and 78, p. 131). When the division series consist of four

ossicles the second always bears a pinnule on the outer side (see fig. 81, p. 134);

pinnules are never found on the ossicles immediately succeedmg axillaries (see

following paragraph) nor on the hypozygals of syzygial pairs (see below). The
fii-st pmnulo is always developed on the outer side of the second ossicle of the

arm or division series which beai-s it.

In the comasterid genera Capillaster and Nemaster curious exceptions to the

rule of pinnulation are found; the first and second division series are as usual,

but the third (IllBr) and subsequent division series are of three ossicles (the two
outer joined by syzygy) of which the first bears a pinnule; on all arms springing

undivided from the second division series (IIBr), or beyond, the firet brachial bears

a pinnule on the outer side.

The fii-st one to four or five pinnules on either side of the f r(H> undivided arm,
and all preceding pinnules, always differ from those succeodmg in length and in

proportions; they usuallj' lack the ambulacral groove, bemg- physiologically tactile

organs. In life they are bent over the disk instead of being laterally extended
like the others. These are known as Oral or Proximal pinnules (see figs. 1 , p.

60, 6, p. 63, 83, p. 136, 85, p. 139, 104, p. 167, and 107, p. 173). They exhibit a

great amount of diversity in the different groups and hence furnish characters of

the greatest systematic value. In the Comasteridse the oral pinnules are provided
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on the outer (rarely also on the mner) side of from three to thirty of their terminal

segments with long, thin, triangular processes, forming a peculiar and characteristic

terminal comb (see figs. 56-58, p. 83, 59, 60, p. 85, and 76, p. 129). These terminal

combs occasionally extend outward on the arm over the proximal genital pinnules,

or may even (in the genus Comaster) occur on some of the distal pinnules.

Following the oral pinnules there comes a row of usuailj' shorter, but propor-

tionately stouter pinnules, which may be more or less expanded lateraUy; they

frequently lack the ambulacral grooves, though typically they are provided with
them. These pinnules carry the genital products, and for that reason are known
as Genital pinnules (see figs. 1, p. 60, 6, 8, p. 63, 100, p. 162, 107, p. 173, and 113,

p. 181), though on accoimt of their position in the arm they are often called Middle

pinnules.

Toward the end of the arm the pinnules gradually elongate (shortening only

in the family Tropiometrida?) and become more slender, the gonad dwindling in

size and finally disappearing altogether; the long slender pinnules found bcj-ond

the genital pinnules are known as Distal pinnules (see figs. 1, p. 60, 86, p. 141, 107,

p. 173, and 113, p. 181). The distal pinnules are always supplied witli ambulacral

grooves, unless the ambulacra are absent from the entire arm upon which they are

borne, as is frequently the case with the posterior arms in many of the species of

Comasteridae.

The articulations binding together the elements of the division series and the

brachials are of two types, each type having two subdivisions. The only articula-

tion of importance in systematic study and in identification is the Syzygy (see figs.

6, p. 63, and 30, 34, p. 71), a remarkably close ligamentous union of two adjacent

ossicles the articular faces of which are (in the comatulids) approximately flat and
marked with radiating ridges. Externally the syzygy is usually readily recognizable,

appearing as a yctj fine or dotted line traversing the arm exactly at right angles

to the longitudinal axis. The lower or proximal component of a syzygial pair

(that is two ossicles united by syzygy) is kno^\'n as the Hypozygal, the iipper or

distal as the Epizygal.

In the IIBr and following division series syzygies occur between the two outer

ossicles when these are three or four in number, but they are not always easy to

distmguish on account of the closeness of all the articulations.

S}"zygies never occur between the two components of the fii-st division series;

but here, as well as elsewhere in the division scries and as far out on the arm as the

second brachial, an articulation called the Pseudosyzygy (see figs. 37-40, p. 75), and

another known as the Cryptosynarthry (see fig. 36, p. 75), are sometuncs found

(in the Zygometridae, and in the genera Comatula and Comaster) which are exactly

like the syzygy in outward, and the first also very nearly so in internal, appearance.

They are, however, of very different origin.

In the comatulids there are several internal features which must be taken

into account m systematic work, and which therefore merit consideration here.

The digestive tube, which is long and tubular, usually makes one complete

coil between the central mouth and the submarginal anus (see fig. 20, p. 69);

but in the majority of the species of Comasteridae it makes four coils, the anus
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marking the center of the resulting spiral, and the mouth lying above the outer-

most coil (see fig. 21, p. 69).

The artieuliUion hy which the first post-radial ossicle is joined to the radial varies

greatly in the dill'erent groups (see figs. 9-11, p. 65, 31, p. 71, and 431, 432, p. 349).

The dorsal (outer) portion is occupied by a large, more or less semicircular or elUp-

soid depression, the Dorsal ligament fossa which is bounded vcntrally (anteriorly) by

a strong Transverse ridge upon wliich as a fulcrum the motion of the articulation is

accommodated ; this ridge is usually undifferentiated, but in one family it bears at

either enil small triangular excavations known as Supplementary ligament fossae; just

within the centi'r of this transverse ridge is a deep ])it, endmg bluidly, known as

the ligament pit; just ventral (distal) to the center of the transverse ridge is a

canal whicii ]>asses directly into the radial; this canal lodges the axial nerve cord

of the dorsal nervous system, and is called the Central canal; it is sometimes, but

not always, surrotmded by a raised rim; lying on either side of the central canal

are two shallow, usually triangular, but sometimes trapezoidal or even nearly

oblong or square, depressions with their bases lymg along the transverse ridge

and their apices directed inward, the Interarticular ligament fossse; beyond these

are the deeper fossie, broadly roimded to narrowly Imear, which accommodate the

muscles and are therefore called Muscular fossae; these are separated in tlie mid-

line either by a narrow ridge, the Intermuscular ridge, or by a groove, the Inter-

muscular groove; an<l their inner distal corners are rounded off so as to form a

more or less deej) Intermuscular notch.

Within the radial pentagon, or the circlet formed by the radials in situ, there

is, in the oligophreate comatulids, a more or less dense secondary deposit of cal-

careous matter forming what is known as the Central plug (see fig. 11, p. 65).

The centrodorsal is more or less excavated internally so as to accommodate the

chambered organ and accessoiy structures; the size of this cavity is variable; it is

verj' large in the macrophreatc species, so that in some cases the centrodorsal is

reduced to a mere shell, but it is small in the oligophreate species (see figs.

267-273, p. 259, oligophreate species, 286-291, p. 262, macrophreate species).

IDENTIFICATION OF RECENT COMATULIDS.

While the keys given for the determination of the genera and species of coma-

tulids are ample for rapid and correct identification, as is the case with other groups

a certain amount of familiarity with the animals is essential in order that the differ-

ential characters given in the keys may be appreciated in theu- true relative value;

much confusion may, however, be avoided if certain lines of procedure be followed

which, though as nearly as possible followed in the keys, are worthy of special

emphasis.

Tlie first structures to be examined in the determination of an unknown coma-

tulid are the arms ; if these do not divide at all, and the cirri are irregularly arranged

on a discoidal or low hemispherical centrodorsal, the specimen belongs either to the

Pentametrocrinidffi (5 or 10 arms) (figs. 113, 114, p. 181, 11.5-118, p. 183, 119,

p. 185, 120, p. 187, 121, p. 189, and 122, p. 191) or to the Zygometridse (5 arms)

(figs. S3, p. 136, and 184, p. 235); if the cirri are in 10 columns on a long conical
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centrodorsal the specimen belongs to the Atelecrinidse (%. 227, p. 245); species

of the Pentametrocrinidas have very long and slender arms, a large black sharply

stellate disk, a verj' evident synarthry between the first two post-radial ossicles, a

hemispherical centrodorsal bearing numerous slender, deciduous, long-jointed,

strongly flattened cirri, and very slender, rounded, or flattened pinnules, all of which

are approximately the same (figs. 1 13, p. 181 , and 119, p. 185) ; species of the family

Zygometridse have short and comparatively stout arms, a small, light colored, com-
pact, and rounded disk, apparently a syzj'gA^ (in reality a pseudos^-zygj") between the

first two post-radial ossicles, a thin discoidalcontrodorsal bearing a single, or at most

a partially double, row of short, tenacious, rather stout, usually short-jointed but

only slightly flattened cirri, and stout prismatic lower pinnules, which are very

difi^erent from the slender distal pinnules (figs. 83, p. 136, and 84, p. 137).

If the arms divide, attention should be directed to the disk and oral pinnules;

if the latter have terminal combs (usually, but not always, correlated ^vith an

excentric mouth and a central or subcentral anal tube) the specimen belongs to the

Comasteridse (figs. 25-28, p. 69, 56-58, p. 83, and 59, 60, p. 85).

If it should prove to possess a central mouth and smooth tipped oral pinnules,

then the type of articulation between the two elements of the first division series

should be determined ; if they appear to be united by syzygy (in reality by a pseudo-

syzygy),the specimen belongs to a species of the family Zygometridse (figs. 37-40,

p. 75).

If, however, they are not united by pseudosyzyg}^ then the pinnules should be

examined; if all the pinnules are strongly prismatic with their ambulacra bordered

by well-develoj^ed side and covering plates (figs. 7, p. 63, and 53-55, p. 81), the

families Thalassometridse, Charitometridse or Calometridaj are indicated. Species of

Calometridse have the division series more or less separated from each other laterally

(never flattened against each other), a small globose disk entirely covered with a

firm calcareous plating, and comparatively slender, though very stiff, pinnules, of

which the earlier have the first two segments (especially the first) greatly enlarged;

the first pinnule, moreover, is always small and very weak, flexible and dehcate,

60 that the first two segments appear all out of proportion to the rest of the structure;

the cirri are always rather long, moderately stout, and are composed of usually short

subequalsegments, of which the distal bear dorsal processes (figs. 19, p. 67, and 89,

p. 147). Species of Charitometridse have short, very stout, smooth cirri which

are composed of subequal segments, rather large pinnules, of which the first two

are longer than the succeeding, but more slender and composed of very much

more numerous and shorter segments, and the middle are more or less expanded

laterally to protect the genital glands; and a disk sunk well within the arm bases

and covered -with more or less scattered calcareous nodules; the division series and

arm bases are strongly flattened against each other and form a closely compacted

base (figs. 55, p. 81, 99, p. 160, 100, p. 162, 101, 102, p. 163, and 369, 370,

p. 299). The disk and proximal arm structure of the species of Thalasso-

metridfe is essentially as in those of the CharitomctridiP; but the cirri are long,

often excessively elongated, comparatively slender, with long segments proximally

and very short segments distally, the latter always bearing well-developed dorsal
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processes; the genital pinnules are very rarely laterally expanded, and the first

pinnule differs from the succeeding, which it resembles in its general character, in

being greatly enlarged, w-ith large stout segments, or, more rarely, reduced in size;

in the few genera in which the latter condition obtains the cirri are enormously

elongated (figs. 4, p. 63, 18, p. 67, 46, 49, 53, 54, p. 81, 93, p. 153, 94, p. 155, 95,

p. 157, 96, 97, p. 159, 361-362, p. 295, and 363-368, p. 297).

If the pinnules are neither prismatic nor provided with well-developed side

and covering plates, they should be examined to determine the proportionate length

of those in the mi(lcll(\ and distal part of the arm; if the middle pinnules arc notice-

ably longer than the distal, the cirri must be consulted; if these are short and stout

and composed of subequal squarish segments, the outer with two dorsal transverse

ridges (see fig. 353, p. 293), and if the first pinnule is longer and larger than the suc-

ceeding, the specimen belongs to the genus Oligomefrides; but if the cirri, while stout,

are perfectly smooth dorsally, and the first pinnule is more slender than the one

succeeding, the family Tropiometridte is indicated (see figs. 88, p. 145, and 356,

p. 293).

If the distal pinnules are longer than the middle pinnules, the possession of a

large and prominent conical centrodorsal bearing cirrus sockets in regular well

separated colunms, each socket being surrounded ventrally (proximally) and

laterally by a high prominent more or less horseshoe-shaped rim, and of true basals

visible between the centrodorsal and the radials, as well as the entire absence of

pinnules from the proximal 10 or 11 brachials, denote the family Atelecrinidse

(figs. 123, p. 192, 124, 125, p. 193, 218, 223, p. 243, 227, p. 245).

For the determination of the remaining families the arms offer perhaps the best

index; there may be 20 arms, arising from 10 radials, each post-radial series dividing

once; such a condition is only found in the Antedonidae in the genus Promacho-

crinus: there may lie 10 arms arising from 5 radials, each of the post-radial series

dividing once; or there may be more than 10 arms.

If there are more than 10 arras the second division series (IIBr series) may
consist of either two or four ossicles, in the latter case the two outer elements being

always united by sjv^yg}'.

If the IIBr series are 4(3+4) the specimen belongs to the Himerometridse

(fig. 85, p. 139); if these are 2, it may belong to the Stephanometrida?,

the Mariametridse, or the Colobometridse ; the species of Colobomctridie which

have more than 10 arms are very easily differentiated from the multibrachiate

representatives of other families bv their stout cirri which arc composed of sub-

equal segments, those in the outer part bearing paired dorsal spines (see figs.

87, p. 143, and 345, p. 289); in the Stephanometridse one or more of the proximal

pinnules is enlarged, greatly stiffened and spine-like, but composed of usually

less than 15 segments, most of which are elongated (see fig. 6, p. 63); the divi-

sion series also are rather widely separated, and each of their component ossicles

bears a ventrolateral process; in the Mariametridse the di\'ision series are usually,

though not always, dose together laterally, and may be laterally flattened; the

proximal pinnules, though sometimes more or less enlarged, are flagellate and are

composed of over 20 segments.
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If there are only 10 arms, the possession of exceedingly short discoidal brachials
denotes the family Himeromctridffi (the genus Amphimetra) (see fig. 86, p. 141); the
presence of paired or tripled dorsal spines or of a broad transverse ridge on the
outer cirrus segments denotes the family Colobometridse (see figs. 346-348, p. 289,
and 349-352, p. 291); while if none of these features arc shown the specimen belongs
to the Antedonidfe.

This method of procedure for the determination of the various comatulid
groups is the most certain, though it is very unnatural in that it separates widely
genera belonging to the same family, and is based more or less upon characters
which, though very obvious and perfectly reliable, are systematically and morpho-
logically of but slight importance. A single family of comatulids may contain
species with from 5 to over 100 arms and therefore of radically different appearance,
though practically identical in fundamental structure, and it therefore becomes
necessary to handle the comatulid species in a somewhat arbitrary way unless wo
wish to have recourse in each case to elaborate dissection in the determination of

the species.

The young of the comatulids are as yet very imperfectly loiown, and the
identification of specimens of multibrachiate species in the 10-armed stage is

involved in no little difficulty, especially where there is but little specific differentia-

tion in the oral pinnules as m the species of Comasteridse. But in the echinoderms
the adult skeletal characters are as a rule assumed at an extraordinarily early

age, and the crinoids form no exception to this generalization. In the 10-armed
species the young usually resemble the adults sufficiently so that a close com-
parison, assisted by a judicious use of circumstantial evidence, is as a rule enouo-h

to make the identification reasonably certain. In the young all the ossicles are

much elongated, the lower pinnules may be more or less deficient, the radials are

thin and broad, the basals may form a closed ring about the calyx as in the adult
Afelecrinus, while the cirri, arms, and pinnules have fewer segments, and those

more generalized and usually more elongated than those of the adults. The platin»

of the disk may be highly developed at a very early age, as in the species of Calo-

metridse, in CoTnactinia and in Catoptometra; or in certain species in which it is well

developed in the adults it may be quite lacking in the young, as in some of the

Thalassometridse. Side and covering plates, or the latter alone, are usually evident

at a very early age.

All young comatulids have the division series uniformly narrow and well

separated, no matter how broad they may become later in life, while the carination

of the brachials and the prismatic form of the pinnules characteristic of the adults of

many species is partially or wholly absent in their young.

Small specimens of the species of Pentametrocrinid^ and of the Comasteridje,

possibly of other families as well, possess large ord j)lates which jiersist until com-
paratively late in life, together with large interradials. In the Conuisteridfe the

young have the mouth and anal tube both subcentral; the mouth does not move
to an excentric position until a considerable size is reached; but the young of the

comasterids may always be differentiated from the young of species belonging to

other families by the combed oral pinnules.
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The young of multibradiiate species with a very large number of arms are so

totally clifTerenl from tin- adults, and so like the young of other species closely

related but with fewer arms, as to render their determination more or less a matter

of guesswork unless the characteristic pinnulation is developed. This appears to

occur at a very early stage, but in the Comasteridae the pinnules of all the species

in each genus are remarkably similar, and even those of different genera vary but

little, so that I have usually been quite unable to determine, from the direct evidence

furnished by the examination of specimens, to what species, or even groups of species,

anv given 10-armed young belongs. Comanthus pinguis, C. japonica, C. solaster,

C. trichoptera and C. panicirra are so distinct that typical examples could not

possibly be confused; yet there appear to be no characters by which their 10-armed

young may be dilTcrentiated.

The young of the species of Stephanometra in the 10-armed stage superficially

somewhat resemble certain species of Oligometra, being, furthermore, of about the

same size, and caution nmst be used in order to avoid confusing them, the per-

fectly smooth pinnules of the former being, however, sufficiently diagnostic as a

rule.

The young of the species of Ptilomefra (figs. 90, 91, p. 149, 92, p. 151, and

adult, 93, p. 153), mainly through the absence of perisomic, side and covering

plates, and the rounded arms and pinnules, are more or less like the young of

certain antedonids; but the peculiar arrangement of the syzygics and the some-

what unusual stoutness, especially of the pinnules and of the cirri, arc sufficient to

prevent confusion.

The arrangement of the syzygies, it may be remarked, is in certain cases one

of the most valuable aids in the identification of the young, though care must be

used in its employment as a differential character, as it is liable to very considerable

change after adolescent autotomy.

STRUCTURE AND ANATOMY.

HISTORY OF THE SUBJECT.

General history.

The study of the anatomy and physiology of the recent crinoids may be said

to have been begun with Adams, who, after a study of living specimens, in a short

note published in 1800 pointetl out the existence of two apertures in the disk of

Antedon bifida, though he did not recognize them as the mouth and anus. This

observation of Adams did not attract the attention that it merited; in 1811

de Fr6minvOIe, in diagnosing liis new genus Antedon (which included only one

species, A. gorgonia=A. bifida) mentioned that the mouth was central, and on the

lower side of the animal.

P6r()n in ISIO, apparently basing his conclusions on Comatula Solaris, says

"bouche inf6rieur, centrale, isol6e, merabraneuse, tubuleuse, saUlante," from which
it is clear that he mistook the anal tu])e for the mouth. T.,amarck cjuoted P6ron's

notes on the structure of these animals in his monographic account of the group.
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J. S. ^Miller in 1S21 described in considerable detail the skeletal structure of

Antedon lifida, of which he gives good figures, but he appears to have made the

same mistake as P6ron in regard to the mouth.

In 1823 Leuckart, and also Meckel, correctly described the two openings of

the alimentary canal, their observations being independently confirmed by J. E.

Gray in 1826, in which year Heusinger publisheil a more detaUed discussion of the

same point.

In 1825 the Kev. Lansdown Guildmg of St. Vincent called attention to the exist-

ence of peculiar articulations in the comatulids in wliich the joint faces are marked
with radiating lines, but he evidently supposed that all the brachial articulations

of the comatulids are of this type.

In 1832 Goldfuss studied in detail the calcareous structure both of Antedon

mediterranea and of Comanthus hennetti (" Comatula multiradiata")
,
giving excellent

figures of each, in connection vnih. his great work on the fossils of Germany.

In the following year Heusinger published his completetl report upon the

anatomy of Antedon mediterranea, a report which, considering its early date, pos-

sesses very exceptional merit; and Leuckart contributed another memoir on the

same subject. Heusinger's paper is accompanied by the first colored figures of

recent crinoids ever published.

De Blainville's account of Antedon in 1836 shows more or less ignorance of the

work of previous investigators. It had been a prevalent idea that the crinoids

orasped their ]>rey with their arms, something after the manner of an octo])us:

Lamarck believed this, but supposed that the food was conveyed to the mouth

by the action of the long oral pinnules, while de BlainviUe supposed that the actual

capture was performed by the tentacles bordering the ambulacral grooves. His

description of the skeleton is fairly good and, like his predecessors, he abandoned

the curious idea of Lamarck that the pinnules are really polyps comparable to those

of the umbellularians; but, in spite of the excellent monograph of Heusinger,

he described the stomach as a blind sac, and considered the anal tube to be more

or less the homologue of the siphon of the cephalopods, or a sort of ovarian

pouch. He was unable to find the ovaries; but they hail been correctly placed

by J. V. Thompson (1835) in Antedon bifida and by Dujardin (1835) m Antedon

mediterranea while his memoir was in course of publication. Dujardin at the time

he described the position of the ovaries also proposed the theory that the tentacles

borderhig the ambulacral grooves serve to pass the food along to the mouth, and

in addition from an examination of the excreta, determined the fact that the food

of A. mediterranea consists of micro-organisms.

Prof. Johannes MuUer, ^vith liis characteristic energy- and thoroughness, now

took up the study of the crinoids, and between the years 1840 and 1840 jjublished a

series of most excellent morphological and systematic treatises, dealing particularly

with the skeleton and the skeletal connectives, lajTng the basis for the systematic

study of the crinoids, especially of the comatulids. He was the first to describe

minutely a recent pentacrinite {Isocrinus asteria).

Prof. Edward Forbes in 1841 described ^n<e</on 6(^(?o in considerable detail,

but without inucli regard for the work of pievious investigators; although the
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ovaries had been correctly described six years previously both by J. V. Thompson

and by Dujardiii, he identiriod as the ovaries the sacculi.

l)e Kouinck and Le lion, in their remarkable work upon the crinoids of the

Belgian carboniferous pul)lished in 1854, included some observations made by

Duchassaing at Guadeloupe on the structure of the disk of Isocrinus decorus (erro-

neously identified as " Pentacrinus iniiUeri," i. e., Endoxocrinus parrse), and men-

tioned that the remains of small Crustacea had been found in its stomach. This

is the first mention of the disk of a recent pentacrinite, the specimens heretofoie

described having been devoid of "soft jjarts."

In 1863 Prof. George Allman described in detail a single specimen of Antedon

bifida in the " prebrachial " or "cystiil" stage which he had obtained on the coast

of South Devon, while two years later Prof. C. Wyville Thomson published his

exhaustive account of the development and larval anatomy of the same species;

this was followed in 1866 l)y Prof. William Benjamin Carpenter's most excellent

memoir ujjon the later stages and upon the adult. In 1866 also Prof. Sven Lov6n

described, in a comparative way, a peculiar comasterid, Phanogenia typica (Co-

master typica) in which the centrotlorsal is without cirri and is reduced to a small

stellate plate lying in the center of the radial i)entagon, a condition heretofore

unknown.
Two years later Prof, ^lichael Sars published his well-known memoir on Rliizo-

crinus lofotensis, to which he appended an exhaustive account of the pentacrinoid

young of Ilathrometra sarsii; and Prof. Edmond Perrier took up the study of the

comatulids, ])articularly of Antedon Infida and A. moroccana, ])ublishing in 1872

the fust of a notable series of contributions which culminated in the later eighties

in a magnificent monograph treating in the greatest detail of the anatomy and

devel()j)mental history.

Prof. Elias MetschnikolF in 1871 published an interesting and instructive paper

upon certain points in the development of Antedon mediterranea, while Grimm in

1872 gave an account of the finer structure of the same species, and Baudelot con-

sidered the a.xial cords.

In 1876 there appeared a remarkable series of papers by Teuscher, Ludwig,

Semper, Gotte and the two Carpentei-s, dealing with various points in eomatulid

anatomy, especially with the anatomy of the arms and with the early developmental

stages. P. H. Carpenter's memoir on the brachial anatomy of crinoids dealt largely

with the species of Comasteridae, es])ecially with Comanihus parrnnrra. and was

prepared under the guidance of Professor Semper, being based upon material col-

lected by Semper himself in the Philijipine archipelago. In this paper the first

mention is made of the curious modification often found in the jjosterior arm clus-

ters among the comastcrids resulting in the loss of the ambulacral grooves, the

tentacles, and the subepithelial nerve band; and the occurrence is noted in the arm
of curious bodies, tentatively supposed to be sense organs, called spherodes. The
genital cord is found also to give rise to eggs within the arm itself instead of only

within the pinnules as in Antedon, an observation later found to be equally appli-

cable to the pentacrinites.
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In the following year Prof. Hubert Ludwig, whose four papers published in

1876 had constituted a notable contribution to the study of the anatomy of the

comatulids, and of Rhizocrinus, completed liis investigations and laid before the

scientific world an exhaustive account of the whole subject, in which many points

over which there had for years been controversy were permanently settled. At
the same time P. H. Carpenter published a preliminary^ notice of liis important mono-
graph on the genus Actinometra (now known as the family Comasteridse), which
was published in its final form two years later.

In 1878 P. H. Carpenter published a contribution to the knowledge of the oral

and apical systems of the echinoderms, a line of work which subsequently called

forth many more or less similar papers from his pen. In 1879 there appeared

another memoir on the same subject, a short account of the nervous system, a

discussion of the terminology of the parts of the crinoid calyx, and the above men-
tioned masterly and veiy comprehensive treatise on the genus Actinometra all by

the same author.

In 1880, 1881 and 1882 Carpenter pubhshed a number of papers dealing with

various points in the anatomy, especially the minute anatomy, of recent forms,

with the homologies of the apical system, the comparative structure of recent and

fossil comatulids and of the endocyclic and exocyclic recent species, and with various

other points. In 1881 he amiounced the interestmg discover}' of true basals in a

recent type of comatuhd, which he therefore considered worthy of generic rank, and

called Atelecrinus.

In 1883 he discussed the anatomical relations of the vascular sj'stem of the

echinoderms, supporting the conclusions reached by Ludwig and by his father, and
dissenting from those attained by Perrier, Kcehlcr and Apostolides.

Early in 1884 his memoir on the remarkable Thaumaiocrinus (recently found

to be but the young of a form described under another name) exhibiting numerous

primitive characters, appeared. In the same year he published a discussion of

certain pomts in the anatomy of larval comatulids, and an account of the apical

plates of the ophiuroids, while his father, as well as Prof. A. M. Marshall and Dr.

Carl F. Jikeli furnished important contributions to the study of the nervous sj-stem,

especially from the physiological point of view, all three ha\'ing conducted experi-

ments upon the living animals, W. B. Carpenter on Antedon bifida, and Marshall

and Jikeli on A. mediterranea. But the year 1884 is chiefly notable for the appear-

ance of the Ofiallenger monograph on the stalked ciinoids, by P. II. Carpenter. In

this monograph all phases of the subject are treated, and the comatuhds are

exhaustively considered in regard to their structure, morphology and homologies, m
the body of the work, and especially in the several appendices.

The year 188.5 witnessed the appearance of part three of Wachsmuth and

Springer's revision of the so-called Palseocrinoidea, in which the recent crinoids

come in for a large amount of instructive discussion. In this year Carjienter con-

tributed four papers, all dealing more or less extensively with the niorphologs' of

the recent crinoids, and Perrier three, dealing mainly with the organization of the

young.
79140°—Bull. 82—15 9
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In the year 1886 Dr. Jules Barrois gave a preliminary account of his studies

on the young of Antedon mediterranea, liis complete monograph on the subject

appearing two years later; P. II. Carpenter published tlu-ee papers, all more or less

important from a morphological point of view, the most noteworthy being one on

the variations in the cirri of certain European comatulids; Wacksmuth and Springer

completed section two of part three of their work; Dr. Ai'thur Dendy gave an excel-

lent detailed account of the regeneration of the visceral mass in Antedon, and a

description of a curious r2-armed specimen of A. hifida; and Perrier published the

first part of his elaborate monograph on the structure and development of the

same species and A. moroccana.

Mr. II. Bmy in the following year gave a short sketch of the results he had
attained in the stud)' of the early stages of Antedon mediterranea, the most important

being the discovery of the infrabasals, which had hitherto been unknown in the

comatvdids, confirming in a most remarkable way the prediction of Wachsmuth
and Springer, who had announced their probable existence upon evidence deduced

from the fossil crinoids. Bury's complet«d memoir appeared in 1888, a few months
fdU^v that of Barrois. At the same time Wachsmuth and Springer pubhshed a

critical account of the apical plates in blastoids, crinoids and cystids, cUscussing

the views advanced by Etheridge and Carpenter in their monogi-aph on the blastoids

(188G); Mr. M. M. Hartog proposed the theory that the madreporic syst-em of the

echinoderms is in reality a left nephridium discharging a current outward by means
of ciUa; Vogt and Yung su^ested that the sacculi are in reality symbiotic algse;

and Carpenter continued his contributions on echinoderm morphology, including

some rather sharp criticisms of the work of Perrier and of Vogt and Yimg.
The year 1888 was especially notable in the liistory of the structure and develop-

ment of the comatulids, for it witnessed the completion of three important mono-
graphs, and the entry of a new worker into the field of echinoderm morphology
who was destined subsequently to play a leading part. Bury and Barrois each
completed their memoirs on the 3'oung stages of Antedon mediterranea; both entered

into much greater detail than had ever been attempted before, working along the

most modern lines, and their results showed an agreement in most particulars which is

indicative of the careful and painstaking way in which the work was carried on by
each. Dr. Otto Hamann announced in a preliminary paper some of the results of

his studies on the morphology of the crinoids, in which he supported the views of

the two Carpenters and Marshall, but took exception to many of those of Vogt,
Perrier and Jikeh. Wachsmuth and Sprhiger brought out their most important
discovery of the ventral structure of Taxocrinus, showing that the palaeozoic Flexi-

biha had an open mouth like the recent crinoids; tliis was followed later (ISOO),

as a logicid sequence, by their paper on the pcrisomic plates of the crinoids, wliich

led to the conclusion that the Palseocrinoidea and Neocrinoidea, as natural divisions

of the ciinoids, are untenable.

Systematically the great event of the year was the completion by P. H. Carpen-
ter of the Challenger volume on the comatulids, tliis constituting a fairly complete
epitome of all the knowledge on the subject, except in regard to sucii points as

had been exhaustively treated in the monograph on the stalked crinoids, and
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these points are largely Morphological. Carpenter also contributed a paper on
crinoids and blastoids.

The year 1889 saw the completion of Hamann's work on the anatomy of the
crinoids; his very important memoir enters into the most minute histological
detail, and is concluded by a summary of the results of liis studies on the com-
parative morphology of the echinoderms, a discussion of echinoderm phylogeny,
and a critical survey of the work of previous authors. In the same year Carpenter
contributed a Ust of the crinoids of the Mergui Arcliipelago in which a few mor-
phological points are discussed; Perrier continued his monograph on the structure
and development of Antedon bifida and ^4. moroccana; and Dr. F. A. Bather first

entered the field of crinoid morphology, publishing five papers dealing with fossil

species, but including consideration of recent forms. Bury's treatise on the com-
parative embryology of the echinoderms, wliich appeared at this time, is one of

the most instructive and interesting contributions to the subject ever made.
In the following year Carpenter continued his valuable contributions, especially

discussing the morphological terminology; Ludwig commented adversely upon
Hartog's views in regard to the function of the madreporic plate and the stone

canal in the echinoderms; and Dr. L. Cu6not discussed in an admirable paper
the aboral (dorsal) nervous system, in another paper commenting adversely on
Hartog's theories; and Wachsmuth and Springer gave a detailed account of the

perisomic plates in the ciinoids.

In 1891 four papers appeared from Carpenter's pen, the most important dealing

primarily with certain points in the morphology of the cystids; and Bather pub-
lished five articles in which more or less was said in regard to the structure of the

recent forms. Dr. 0. Jaekel discussed the calyx plates, and Cuenot continued

his interesting work on the morphology of the "soft parts."

Dr. Oswald Seeliger's memoir on the development of Antedon adriatica was tlie

great work of 1892; in it he reviews critically the writings of Sir C. Wyville Thomson
on Antedon bifida, and of Bury and Barrois on Antedon mediterranea; he confirms

Bury's discovery of infrabasals, but finds them to be somewhat differentlj- arranged

in Antedon adriatica, and four or five in number instead of usually three.

The work of the succeeding 3'ears has been almost wholly directed toward a

more exact knowledge of structural details, of various physiological, developmental

and regenerative processes, of spermatogenesis and oogenesis, and of kindred

subjects, and no monographs of general scope, morphological or s\-steraatic, have

appeared. Cuenot, Bather, Wachsmuth and Springer, Jaekel, Perrier, Waltlier

and de Loriol have steadily continued to enrich tJie literature with valuable memoirs,

of which Wachsmuth and Spi-inger's magnificent monograph on the American

Crinoidea Camerata, pubUshod by Springer after Wachsmuth's death, Bather's

treatise on the crinoids in Lankester's Zoology', the monographs on Uiniacrinus,

and on the structure of Onychocrinus, by Springer, and the various papers by

Cuenot, are of the most interest to the student of the recent crinoids. Of the

papers of less general scope special mention must be made of tliose on regeneration

by Minckert, Przibram, Kiggenbach and Morgan; on genital structures, oogenesis

and spermatogenesis by Danielssen, Field, W. Marshall, Cr6ty and Russo; on inter-
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articular connectives by Bosshard ; on perisomic spicules by Woodland ; on perisomic

plates by Keyes; on the intestinal tract by Frenzel; on glandular organs by Reich-

ensperger; on the metamorphoses by Bury; on Iiybrids with other ecliinoderms

by Godlewski; on fossil comatulids by de Loriol; on the sense of smell and taste

by Nagel; and on the ])lates bordering the ambulacra in Ileliometra and Ilathrometra

by Mortensen. The more general works of Zittel, Jaekel, and especially of llaeckel,

call for separate notice.

General survey of the history.

The year 18.35 witnessed the inception of careful investigation into the develop-

mental history of the comatulids, while the first serious attempt to elucidate their

structure and anatomy was made in 1829. Work along both lines was carried on

more or less intermittently, under the great handicap of a limited knowledge of

teclinique and inadecjuate instruments, until the early sixties, when the labors of

Professors AUman, Sir C. Wyville Thomson and W. B. Carpenter at once advanced

it to a much higher plane than it -ever occupied before, and gave it an entirely new

aspect.

The years 1876-'77, a little over a decade later, again marked the inception of

a new epoch and gave to the study a stimulus which has persisted until tlie present

day. It is interesting to observe that this epoch was ushered in mainly by the

initial work of young men, and not only was it thereby endowed from the start

with a certain quality of originality and forcefulncss, but interest in it was kept

alive by the continued labors of these individuals and by the advice which they

gave and the example which they set to others.

The study of the fossil crinoids, especially those of America, at the same time

began to assume a new aspect, the same period wliich mtnessed the first applica-

tion of the present methods to the study of the development and anatomy of the

recent forms ushering in for them also consideration and treatment along the

lines followed at the present day.

Ml-. Charles Wachsmuth and Mr. Frank Springer had commenced their system-

atic researches together, and these authors, by their joint work on the so-called

Pala;ocrinoidea, ami by many subsequent contributions, did for the fossil crinoids

what the investigators on the other side of the Atlantic were doing for the recent

species. Not only that, but they worked side by side with the two Carpenters,

especially the son, and this mutual cooperation has been of the greatest benefit in

bringuig out many of the steps by which dilferent results were attained. They
were the first defiiiitely to in^iist that the fossil crinoiils could not be adequately

understood without a comparative study of the e.xistuig forms.

It was of course to be expected that a student of recent species would view their

fossil re])rcsontativcs in a somewhat dilferent light from that in which they ai)peared

to a palaeontologist, llistorj' has showTi that too often fossils have been ignored

by workers on recent forms, and recent forms ignored or slighted by palaeontolo-

gist's, to whom the study of the more minute details presented by them has appeared

irksome and even useless; the students of the crinoids are therefore ])ecuharly for-

tunate in that the one to whom we are indebted for the great bulk of our knowl-
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edge of the recent forms shoukl have been able to appeal i)ersonally trj masters
of the palaeontological side of the subject.

The most striking feature of the history of the study of the structure and devel-
opment of the comatulids is that the work has been practicaUj- confined to species
of the genus Antedon, and has mostly been done on ^. mediterranea. Hamann, P. H.
Carpenter, Ludwag, Semper, Danielssen and Perrier include more or less discus-
sion of a few other forms, usually IleUometra glacialis or Cornanthus panicirra; a
little is to be found concerning Neocomatella alata, Tropiometra carinata and T. picta,

and Leptometra phalangium, and on tlie pentacrmoid young of Ilathrometra, with
short notices on the pentacrinoids of certain other species, especially of Leptometra
phalangium and IleUometra glacialis. But even a beginning has scarcely been made
in the study of the comparative anatomy of the comatulids, while we know nothing
whatever in regard to the comparative development, except in the case of three of the
sjiecics of Antedon, the observations on one of which were made as far back as 1863
and have never been reviewed.

OUGAXIZATION' OP THE CUINOIDS.

General remarks.

Before taking up in detail the description of the various structures and organs
which collectively make up the crinoid whole, it is necessary to give a brief account
of what, in the opinion of the author, a crinoid is, and to indicate in sis few words
as possible the relationship between the crinoids and other organisms, both within

and without the phylum Echinodermata.

Within a very few years it has been suggested by two investigatoi-s, working
quite independently, that the echinoderms are not by any means the highly anoma-
lous creatures that they have heretofore always been considered, but that they are

in reality a very aberrant offshoot from the acraniate crustacean stock, finding

their logical systematic position beyond the barnacles.

The present author was led to this conclusion through a careful study of the

adult crinoidal nervous system which, though highly complicated and very anoma-
lous, is seen when analyzed to belong to the typo especiallj' characteristic of prim-

itive crustaceans, while Prof. William Patten arrived at the same result through

a critical comparative study of the development of the echinoderms and of the

primitive crustaceans, and a study of the abnormal young of the latter.

Of the echinoderms as a whole. Prof. Patten writes: "The echinoderms are

notable for their contrasts and contradictions. Their outward appearance and
their pronounced radial structure distinguish them from jdJ other aniniixls, and at

first sight suggest a very primitive organization similar to that of the coelenterates.

On the other hand, they display a high degree of histologicjJ and anatomical special-

ization that is in marked contrast with their low grade of organic efficiency. They
begin their early embryonic development with a bilaterally symmetrical bodj- and

with clear indications of metamerism, only to change it in the later stages for one

that is radially symmetrical and in which all outward traces of metamerism have

disappeared. After a short free swimming larval existence they attach themselves,
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neural side down, by moans of larval appendages and a cephalic outgrowth; they

then turn neural side up and remain so attached for life; or in some cases they give

up their sessile existence and again become free, moving slowly about, neural side

down. There are, therefore, tlu-eo chief characteristics of the echinodernis that

demand our fii-st consideration: (1) The early bilateral symmetry and metamerism;

(2) the sessile life and mode of attachment by cephalic outgi-owths; and (.3) the

asj'mmotry. There appears to be but one explanation for these remarkable condi-

tions, which is as follows: The early development of bilateral symmetry and metam-

erism in the echinodernis, and the presence of a telocele and telopore in place of

the more primitive gastrula and blastopore, clearly indicate that they had their

orii^in in bilntersiUy symmetrical animals of the acraniate type that had already

acquired a considerable degree of complexity. These ancestral forms probably

belono'ed to the cirriped group, for before the latent asymmetry becomes effective

the young echinoderm larva resembles a cirriped in its form, mode of attachment,

and subsequent metamorphosis more than it does any other animal. The radiate

structure of the later stages was due to a persistent local defect, or to the absence

of a definite part of the embryonic formative material, which in turn created a con-

dition of unstable equilibrium, the result of which is that the whole side, following

the path of least resistance, bonds tow'ard the defective area, forming an arch that

increases in curvature until an approximate equilibrium is again attained by the

union of its two ends to form a circle. The original half metameres and segmental

organs are then arranged in radiating lines, thus creating a new radiate type and

a new set of internal conditions that dominate the future growth of the organism.

If wo assume that a strongly marked asymmetry, such as that which occurs so fre-

quenth' as an abnormality in Xiphosvra, or even as a normal character in the

Bopyridaj and Paguridae, was a fixed feature of the hypothetical ancestral cirripeds

and was capable of a successful organic adjustment, we shall have a perfectly

simple and natural explanation of the origin and structure of the echinoderms."

"The young asteroid larva is said to attach itself voluntarily at first, and for a

short time onh'; later it becomes permanently attached, head fij-st and neural side

down, in the same remarkable manner as a 3'oung cirriped, both the cephalic

appendages (which are thick walled and muscular, with a long basal portion and a

short terminal knob studded with small adhesive papilla\ greatly resembling the

minute adhesive antennae of the cirripeds and parasitic crustaceans) and the adhesive

disk taking part in the process. The young crinoid larva attaches itself wholly

bj' means of the cephalic disk, as the adhesive appendages appear to be absent.

Its first position is with the neural or oral surface down, as in the cypress stage of

the cirriped. The disk then elongates, forming a slender cephalic stalk or peduncle,

and the larva turns a somersault, bringing its neural side uppermost. Meanwhile

the vestibule, or peribranchial chamber, which at first issnuill and temporarily closed,

enlarges, then ruptures, and the five appendages project from the cuplike head in

typical cirriped fashion. 1 n certain of the representatives of the recent echinoderms,

such as the asteroids, the fixed stage is temporar}', while in certain others, such as

the echinoids and holothurians, it appears to bo omitted altogether and the young
echinoderm, after its metamorphosis, again acquires a limited power of locomotion.
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Fig. 69.

Fig. 70.

Fro. 73.

Fio. 74.

Figs. 69-74.—69, Perforated plates from the skin of Caudina plan.u>etura, showdjo a close approximation to the

PRIMITn'E TYPE OF ECIUNODERMAL CALCIFICATION (.IFTER 11. L. CLARK). 70, A PERFORATED PLATE FROM THE SKDJ OF CaU-

DINA CALIFORNICA, SHOWING INCIPIENT CALCAREOUS RODS (.iFTER H. L. CLARK). 71, THE APICAL .SYSTEM OF A YOCNO
SPECIMEN OF EUROCIDARIS NUTRI.X FROM THE ANTARCTIC, SHOWING THE PRIMITIVE CENTRAL PLATE SURROUNDED UY TIVE

GENITALS (CORRESPONDING TO THE CEINOID BASALS), BEYOND WHICH ARE FIVE OCULARS (COREESPONDrNO TO THE CRIHOID

INFRABASALS). T2, THE APICAL SYSTEM OF A SPECIMEN OF LYTECHINUS VAEIEGATUS FROM FLORIDA, .SHOWING THE CENTRAL

PLATE RESOL%'ED INTO NUMEROUS SMALL PLATES AND SURROUNDED BY Fn-E GENITALS (CORRESPONDING TO THE CRINOID

BASALS), BEYOND WHICH ARE FIVE OCULARS (CORRESPONDING TO THE CRINOID INFRABASAU<), THE TWO POSTERIOR REACHINO

THE PERIPROCTAL AREA BETWEEN THE GENITALS; THE MADREPORIC PORES ARE NOT CONFINED TO THE RIGHT ANTERIOR

GENITAL, BUT OCCUR ALSO ON THE TWO ADJACENT OCULARS. 73, TllE APICAL SYSTEM OF A SPECIMEN OF ARBACIA STELL.4TA

FROM Margarita Island, Lower Oalifornha, showing the central plate divided into fouh, and the right anterior

GENITAL, ordinarily A MADREPORIC PLATE, RESOLVED INTO NUMEROUS SMALL PLATES. 74, DIAGRAMS ILLUSTRATING TUB

progressive CHANGES DURING GROWTH IN THE RELATIONSHIPS OF THE ELEMENTS OF THE CALY.\, A.ST> IN HIE REUTION-

SHIP BETWEEN THE CALYX AND THE VISCERAL MA.S3 OF A COMATULID: THE EXTREME ATTAINED BY THE ADULT PENTACRINITE

IS REPRESENTED BY E; THE PLATES SHOWN ARE THE BASALS, THE RADIALS, AND THE ORALS.
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But in most primitive echinoderms, such as the stalked cimoids, blastoids, and

cystideans, a permanent attachment by an elongated cephalic stalk, in typical

cirriped fashion, was the almost invariable rule, and no doubt represented the

primitive condition for the whole class. When an echinoderm docs become free

it acquires only a very limited power of locomotion and of coordinated movement.

Its characteristic lack of efficiency in this respect is due not so much to its simple

or primitive structure as to the fact that its freedom was gained at a lato period in

the phylogeny of a very ancient group in which sessile inaction was the prevailing

condition. It is often assumed that a sessUe or parasitic mode of life is the initial

cause of degeneration. The various anatomical peculiarities common to the cope-

pods, cirripeds, and acraniates do not bear out this conclusion. The fact that in

these diverse subphyla we see the same shifting of cephalic appendages to the

hfemal side, the same cephalic outgrowths, and the same degeneration of the neu-

romuscular organs, indicates that there

are certain initiixl defects or peculiarities

of germinal material common to the whole

group, and that these are the underl^ving

cause of defective organization, the defec-

tive organization being in every case of

such a nature that a sessile or parasitic or

vegetative mode of life is the only one

possible."

Professor Patten doubts very much
whether it will ever be possible to make
precise or detailed comparisons of any
value between relatively modern types of

arthropods, like the decapods and insects,

and the echinoderms. My attention was
directed toward a comparison of the adults

of the two groups on account of the liigh

degree of specialization of the echinoderm
lai-vsc, and the difficulty of bringing into satisfactory correlation the data offered

by the very diverse young of the different echinoderm classes.

Wliile it certainly is not possible to indicate any such close agreement between
the adults of crustaceans and echinoderms as has been shown by Prof. Patten to

exist in the case of the young, it appears to me that a description of an ecliinoderm
in terms of a crustacean, and a description of a crinoid in terms of other ecliinodcnns,

in the manner in which I originally worked them out, will prove to be not without
interest.

The points of correspondence between the adult crustaceans and the adult echi-

noderms as indicated in the following pages are only to a very limited degree capable
of logical and connected proof as true homologies; collectively they form the base
for the construction of a working hj-pothesis through the adoption of which very
many problems in the comparative morphology of the echinoderms are logically

Fig. 75.—a spehmex cu- Heteeometra rev.vaudii

TROit CEVLON only partially CALCIFIED; (a) THE
ENTIRE ANIMAL, AND (6) A SINGLE ARM FROM THE
SAME INDIVIDUAL.
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FiQ. 70.—Lateral view ok a specimen of Comactinia eoiinoptera from Cuba, showing the RCLAtnE pROPoBnoNs or
THE ARMS, PINNULES, CENTRODORSAL, AND CIRRI.
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and intelligibly explained that can not be explained in any other way. No one of

the comparisons is in itself at all conclusive, while in one or two cases a comparison

between the ecliinoderms and tlie annelids is almost as justifiable as between the

echinodeims and crustaceans; but the sum total of the comparisons indicates that

Fio. 77.—Dorsal view or a spectmen of Comatulella BRAcraoLATA from Austraua, showing tue relative propor-
tions OF the arms, hnmtles, centrouorsai. and cirri (reconstructed from the type-speciiiens of Alecto rosea
J. UOller).

there is between the ecliinoderms and the crustaceans a similarity of fundamental

structure which can not but ho more than accidental.

At first sight it may seem unwarranted to suggest, even remotely, a comparison

between such highly diverse and relatively recent animals as the echinoderms and

the crabs of the present day. Yet in the two groups we have to do with types

which are in a way convergent. Both the echiiiotierms aiul the crabs are ultimately
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derived from the same stock, though along racUcally different lines. Practically

the entire body of the crab is compressed within the enormously enlarged and ngicl

cephalothorax, which is commonly broader than long. Locomotion, instead of

beinc^ chiefly or entirely in the direction of the longitudinal axis of the body as in

other bilaterally symmetrical animals, is in any direction, but most commonly at

„!,. rnM.TIILA ETHERIDGEI FKOM TUE .\RU ISL.VNDS, SHOWING THE INNER OR INTERNAL

right angles to this axis; roughly it may be said to be best
f^^'^P^iJ ^"^1;^^;^;^^-

rion of the longer axis of the cephalothorax in any given type The number of

fX developed metameres vvithin the cephalothorax is always five. Asj-mmet >

ofthe antrio ambulatorv appendages or of the abdomen or of both is the rule

!r.Trh; In the echinodorms the entire body (except for the appendages

ZZ^^l eid^ird ibin a typically heavily calcified and closely knit test
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ami ill outline is circular or stellate. Locomotion is in any direction, except in

certain higlily specialized types. Tlio number of metameres is always five. Asym-

metry has afTcctcd the whole body so that one-half has become entirely atrophied

and the remaining halves of the five metameres have curved about and, the an-

terior and posterior ends joining, have formed a radially symmetrical body.

Eggs and segmentation.

In most crustaceans the egg is enclosed in a tough cliitinous membrane, and

the development is of the so-called centrolecithal or peripheral type; but witliin the

group complete and equal division of the ovum similar to that of the annelids also

occurs, and all intermediate types are

found. In the echinoderms total seg-

mentation ordinarily occurs; but in the

crinoids the egg is enclosed in a tough

membrane resembling that in which the

egg of most crustaceans is enveloped, at

the same time being attached to the pin-

nules of the mother in the same way
that the egg of many crustaceans is at-

tached to the abdominal appendages of

the mother, and in Antedon adriatica

(the only species except the closely

allied Antedon mediterranea in which the

early developmental stages are ade-

quately understood) where there is a

relatively large amount of yolk we find

more than a hint of the centrolecithal

development so characteristic of the

arthropods.

Development of the larvie.

The quotationfrom Professor PattenFio. 79.—Dorsal view of the type-specbien of Coma-
tula PURPUREA FROM AUSTRAUA, SHOWING THE CIRRI

CONFINED TO THE iNTERRADUL ANGLES OF THE cENTRo- preccdiug cleai'ly iiidicatcs tlic vci'y
''°^^'"

close correspondence between the tle-

velopment of the larvse of the echinoderms and that of the larvae of certain types

of cnistaccans. It is sufficient here to note the fact that the Inrvse of the echino-

derms in their development pass through a striking metamorphosis, accompanietl

by a remarkable histolysis, and a more or less pronovmced metamorphosis wWch is

exactly comparable to it except for the absence of any change in the sjonmetry,

and a similar histolysis, occur in most arthropods.

Echinodcrmal skeleton.

The singularly specialized skeletal system of the ecliinoderms, though very

diverse in its manifestations, presents when analyzed a certain uniformity of

character throughout the phylum; taken as wliole, it is of a somewhat different

nature from that of any other group of animals.
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Originally the ecliinodermal skeleton consisted merel_y of scattered calcareous

deposits in tlie mesoderm, cliiefly in the body wall, jirobably in the shape of spicules

and small plates comparable to the less specialized types of spicules and plates

found in certain holothurians (fig. 69, p. 127; compare figs. 543, pi. 4, and 569-571,

pi. 7) and in localized situations in species belonging to all the other groups, and

Fig. 80.—Dorsal \tew of a .specimen of CoMATtruDES decameros from southwestern Japan, showing the beutive

PROPORTIONS of THE ARMS, PINNVLES, CENTBODORSAL AND ClRBl.

later of more or less fenestrated plates comparable to the so-called perforated

plates occurring in the MolpachidfC (fig. 70, p. 127).

Fusion of spicules, and of sjiicules and plates, then occurred whereby the diverse

original elements were united into large skeletal units, each with a definite form

withia constantly narrowing hmits.
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Spicules and plates of what is probably the primitive type persist in many of the

holothurians, and are developed in certain situations in species of all the other

classes, in the crinoids mailing up the visceral, and most of the perisomic, skeleton.

Flo. 81.—Dorsal view of the centkal structures and of a single post-radlal series of a sPEaMEN of comanthcs
SOLASTER FROM SOUTHERN JAPAN, SUO>VlNQ THE RELATIVE PROPORTIONS OF THE VARIOUS PARTS.

These spicules are in general suggestive of the spicules of certain sponges and
alcyonarians, both in form and in origin, and it is in tiie skeletons of those animals

that the skeleton of the ccliinodcrms, though entirely independent in origin, finds

its nearest counterpart.



MONOGRAPH OF THE EXISTING CRINOIDS. 135

In the crustacean cuticle we find, in connection with the chitin, more or less

extensive deposits of calcium carbonate, and it is of this substance that the skeletons,

originally and at first solely external, of the ccliinodenns are composed. Although

the skeleton of the echinoderms as we know them to-day in a broad morphological

way most nearly resembles the skeleton of certain sponges and alcyonarians, the

ultimate origin of the echinodermal skeleton, as shown by the reduction of the

Fig 82 -Dorsal view or the central structures and of a single post-eadul series of a spcawEN or comanthus

ANNULATA FROM TORRES STRAITS, SHOWING THE RELATIVE PROPORTIONS OF THE VARIOUS PARTS.

echinodermal skeleton to the lowest possible terms, was railically different from the

ultmiate origin of the skeleton in these groups. At first the echinodermal skeleton

was a purely superficial body covering consisting of minute calcareous elements,

strictly homologous with, and exactly resembling, the calcified portion of the dermal

investment of the crustaceans. Coincident vrith the evolution of the ratlially sj-m-

metrical echinoderms from the bilateral prmiitive crustacean stock was the assump-
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tion by the echinodeniis of the sessile habit; mid the assumption of the sessile

habit went hiiiul in hand with the modification of the skeleton in the direction of

the tj^je common to similarly inactive forms, such as sponges and alcyonarians.

Fio. 83.—Lateral view or a specimen or Eudiocrinvs junceus from the Lesser Sunda Islands, showdjo the
RELATIVE proportions OF THE ARMS, PINNULES, CENTRODORSAl, AND CIRRI.

Thus, as we understand it, the echinoderra skeleton considered strictly as the

echinoderm skeleton was from the first a skeleton of the spicular t_vpe, the counter-

part of the skeleton of certain sponges and alcyonarians; but in reality this spicular

echinodermal skeleton is not an original dcvolopmont like the spicular skeleton of
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the alcyonarians, but a spicular skeleton suddenly grafted upon a diffusely calcified

dermal investment of the most primitive crustacean type.

FlG 8.-LATEHXL V,EW OP A SPECn.EK OF EUB.OCUNVS PINNATVS KHOM THE LESSEH SuNDA ISLANDS, SHOWUCO T„E

REUTTVE PROPORTIONS OF THE ARMS, PINNULES, CENTRODOR3AI, AND CIRRI.

In certain of the early cystideans the body w^ill appears possibly to have been

more or less chitinous; at least it docs not seem to differ in any way from the body

waU of the crustaceans wliich are found associated with them; but ni the great

79140°—Bull. 82—15 10
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majority of the c_vstidcans, and in such holotliurians as the species of the family

Psolidse, these primitive plates and spicules, at first ser\-ing merely to stiffen and to

protect the bod}- wall, in the course of phylogenetic development gradually became

gathered together into groups more or less definite in position, the grouping origi-

nally being contingent upon mechanical considerations resulting from the localizing

effect of the movements of the body wall, especially of the anterior portion.

Such a gi"oui)iug and fusmg of spicules to form a definite skeleton is not with-

out a parallel in other invertebrate classes. In the Tubii)ora, or organ pipe corals,

the tubular skeleton, with its transverse platforms, is the result of a fusion of spic-

ides, and the remarkably solid axial skeleton of the red corals has the same
origin. It is only among the echinoderms, however, that a spicular skeleton

develops into a solid external armament or into a series of articulated braces.

Skeletons of the sjjicule formmg type are found only among permanently fixed

or more or less strictly sedentary animals, though sedentary animals do not all

possess them; their existence appears to be entirely incompatible with muscular

activity. We thus have an excellent clue to the habits of the earliest ecliinoderms,

and especially of the earliest crinoids, as it is in this class that the densest skeleton

is found.

The sponge or alcyonarian-like skeleton of the echinoderms is undoubtedly of

independent origin within the group, without further phylogenetical significance;

also it is probably a feature of the adult organism only, without a coimterpart in

the larva. It does not appear before the assumption of the radial sjmimetn,', and

was probably phylogenetically, as it is ontogenetically, coincident mth it.

In the cystideans and in the plated holothurians, such as the species included

in the family Psolidse, the body skeleton is formed directly by a simple process of

segregation and development of the spicules in the body wall, governed purely by
mechanical considerations; but this is not the case in the echinoids or in the crinoids.

In these classes the ultimate origin of the plates is exactly the same, but the place

of origin of all the plates is always about the anterior end of the digestive tube,

from which position they have traveled posteriorly, so that they now surround the

opposite apex of the body, their paths along the body wall being marked by a trail

of redupHcations of themselves left in the line of passage.

In the holothurians the fortuitousness of the primitive spicule ft)rming t}-pe

of skeleton is seen in an extreme development; for in the species of this class no

calcareous matter at all may be deposited, as in Pelagothuria, there may be scattered

spicules of the most prunitive type, there may be highly specialized spicules, or

there may be very definite plates.

In the holothurians the dermal skeleton is merely a mass of diffuse spicules,

not segregated into plates; in other words, of the ancestral tvjie for the echinoderms.

In the echuioids definite plates are present, ahnost entirely enclosing the body; but

these plates are extremely primitive in character; they are differentiated in each

radial division into a central series, composed of a varjnng number of similar col-

umns (interambulacrals), and bordering series of which there is usually a single

row on either side of the central series.
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Among the holothurians we find many cases of large fenestrated plates provided

witli inwardly projecting processes, wliich are probably primarily compounded from

several smaller primitive plates and underlying spicules (fig. 70, j). 127).

Tlie cl('vi'l(ii)ment of the large crinoiilal plates, wliich are of quite (hfferent

pliylogenetical significance, is fundamentally a continuation of just such a contli-

tion, the original plates as formed growing inward by means of long spicular

outgrowths which anastomose accorthng to a definite plan, and finally give rise to

more or less dense and very definite calcareous masses.

Although in the earliest stages of the ontogeny phylogenetically far advanced

over the body plates of the cystideans or of the Psolidse, we apj)ear to have in the

crinoids, as in the other liighly calcareous echinoderms, evidence that the large

and definite plates, perfectly and characteristicaUv formed as they now are, arose

primarily through the union of several plates and a great development of spicules

just within them; in other words through a secondary, doubtless purely mechanical,

grouping of the elements of a primitive diffuse spicular skeleton.

Had the ecliinoderms remained as inactive as the sj)onges or the alcyonarians

they, too, would doubtless have developed a similar dense, but diffuse and more or

less amorphous, spicular skeleton, and in them it would have been cliiefiy con-

fined to the outer body layers; but all of the ccliinoderm classes retained to a

greater or lesser degree their primitive bodily, if not their locomotor, activity, and

this activity has been sufficient to prevent, except in such inert groups as the cysti-

deans, and the Psolidse among the holotiiurians, any development from the original

spiculated skeleton other than a remarkable specialization, in certain cases, of the

indi^•idual spicules; indeed in the pelagic holothurians there has remained, or there

has been secondarily acquired, so much activity that it has resulted in the entire

suppression -of the skeleton.

Autotomy.

Autotomy of essentially the same type, frsquently more or less restricted to

definite specialized regions, is common to the echinoderms and crustaceans, and in

both it is developed to a very varying degree in different classes. It is quite possible

to regard the adolescent autotomy of the crinoids as comparable to a crustacean

moult.

This process, strange as it is, really is not so anomalous as it would appear at

first sight. Except for a thin ventral band of perisome underlain by attenuated

extensions from the rmg systems about the mouth, the crinoid arms are composed
of solid calcareous plates developed by the growth inward of what is, reduced to its

lowest terms, a calcified cuticle. The brachials, being mostly composed of a solid

calcareous mass, are not able to increase in size with sufficient rapidity to meet the

exigencies imposed by the rapid larval growth, with the single exception of the

first (more rarely, in the more speciaUzcd types, of the first three), which has a much
less extensive skeleton than the succeeding. Development of the first brachial

^\Tthout a corresponding development in those succeeding, or in the ligaments

between it and the second, inevitably results in an increasing tension in the hga-

ments the development of which is arrested, and which therefore are not able to
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alter themselves sufficiently to meet th« new conditions imposed, and this increas-

ing tension finall}^ comes to exceed the tensile strength of those ligaments so that

the original arms are cast off at the synarthry between the first and second bracliials

(more rarely, in the more specialized typos, at the syzygy between the third and

fourth) and two or more new arms of a more specialized type are developed from

tiie stumps. The larval arms wliicli are cast off, being composed for the greater part

of an enormous extension inward of the original calcareous cuticle, are in effect a

dermal structure incapable of further development of which the animal must rid

itself b<>fore normal growth can continue. Thus, in effect, the larval crinoid arms are

precisely e((uivalent to the calcified integument of the crustacean appendages,

which similarly must from time to time bo cast off to permit of the further develop-

ment of the animal. The casting off of the larval crinoid arms is therefore seen to

present a most striking similarity, as a physiological process, to the crustacean

moult. Wliile normally only the multibrachiate comatulids discard their larval

arms, all of the comatulids discard their larval cirri. The new cirri which sup-

plant these, however, arc not developed in the same situation, but always form

nearer the edge of the centrodorsal, that is, in terms of a bilaterally symmetrical

animal, more anteriorly. A precisely similar shifting in the position of the appen-

dages after a moult occurs in many crustaceans and insects. The entire larval

column distal to the first stem syzj'gy is always discarded, both in the comatulids

and in the pentacrinites. Many instances of a similar rejection of lai-val structures

(as an example, the prologs of lepidopterous larvae) among both the insects and the

crustaceans may be at once recalled. In many comatuUds there appears to occur

from time to time, more or less normally, a shedding of the visceral mass. Dondy
has suggested that this may bo an effort on the part of the animal to rid itself of

internal parasites; but it appears to me to find its most reasonable explanation as a

soi t of growth moult comparable to the more or less extensive moulting of internal

structures which accompanies the shedding of the skin in the crustaceans and in

the insects.

Orientation and the metameric divisions of the echinoderms.

It has been commonly supposed that among the echinoderms the five radial

systems are primarily the five ambulacral systems, the interradial or mteranibu-

lacral systems being developed merely as space fillers. My studies on the crinoids,

however, have shown conclusively that, whil(> the prolongations from the ventral

ring systems are fundamentally and ])rimarily smgle ami radial, the skeletal ele-

ments and the dorsal nerves arc primai-ily and fundamentally double and inter-

radial, the two halves of each of the five interradial structures having moved away
from each other and ha\TLng fusinl ^vith the similar branches from the adjoining

interradial units with which they came in contact. The single radial derivatives

from the ventral systems have grown out upon supports each of which is formed

by the fusion of two halves of adjaceht hiterratlial processes, and is mnervato<l by
ono-half of each of the adjacent interradial nerve trunks. In other words the metam-
eric divisions of the dorsal and the ventral part of tlio crinoid body alternate with

each other; for the primarily ventral structures the amhuUicral areas each represent
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a jirimitivo motainoric division, but for tho ju-imarily dorsal structures tho inter-

ainhilacral areas each represent a jirimitivo metanieric division.

A very strong reason for considering the five dorsal motamoric units of the

ochinoderms to bo the five interradial areas plus one-lialf of the radial areas on either

side is that the connection between the internal structures and the exterior is

always hiterradial; the stone canals, the madroporites, and tho madreporic poras, as

well as the genital openings (except in the crinoids, in which the genital system is

scarcely comparable in a broad morphological way to that in the other echinoderms)

are always interradial, exactly as the connection between the internal structures and

the exterior, tho nei)hiidial, genital, or tracheal jjores, in hisects and crustaceans are

always in the middle of a metamere and never on the border line between two

metameres.

Moreover, in the original ring of 10 coronal plates the interradial plates (basals

and genitals) are always much larger than the radial (infrabasals and oculars).

This in itself would suggest that these interradial plates indicate areas of phylo-

genetically greater significance.

Furthermore, the teeth in the echiuoids, each of which moves out and back

like tho mandibles of the bilateral mvcrtebratcs, and the orals of the crinoids, which

have the same motion, are interradial, each undoubtedly occupying the center of a

somite just as do the mandibles of crustaceans and insects.

But the most conclusive proof of tho extraordinary alternation between the

metamcric divisions of the dorsal and of the ventral portions of the body Ues in the

fact that the primordial tentacles and the coelomic chambers, ventral structures,

are developed in the center of the ambulacral areas, while tho primary nerves arising

from the dorsal nervous center lie in the center of the interambulacral areas.

The unit of the pentamerous symmetry in the echinoderms, therefore, so far

as the calcareous structures and the nerves are concerned, can not be considered

as a single ambulacral system plus one-half of each of the adjacent interambulacral

systems, but must be regarded as a smgle interradius plus one-half of the ambulacral

systems on either side. Ventrally, however, the unit of the pentamerous symmetrj'

is tho radial ambulacral extensions of the variotis circunioral systems, all of which

are single. Thus, in the echinoderms, while the pentamerous symmetry of the

calcareous structures and dorsal nerves is strictly interradial in its arrangement,

that of all the other ambulacral structures is strictly radial, and we find two differ-

ent phases of the same type of symmetry in the same animal. But though more
organs are involved in the ventral radial pentamerous sj^inmetry than in the dorsal

interradial pentamerous symmetrj^ the latter is of far greater phylogenetical

significance; it has resulted from a fundamental readjustment of one of the most
significant systems of the ecliinodermal organization, accompanied by a profoimd

change in a system recognized as possibly the most diagnostic in comparative

morpholog}', while the former merely is the result of the extraordinary development of

five radial buds on each of the circumoral rings, made possible by the existence

of the latter.

Now according to the former interpretation the five crinoid arms represent

five individual structures each complete m itself and each commencing with one of
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tho liidials as a base, and they have been heretofore universallj' so considered. In

this case the existence of two plates between the bases of the two posterior in many

types would be a fact of considerable morphok)gical significance as designatmg a

fundamentally differentiated area; but according to the latter interpretation the

five interradial areas, mcluding half of the ambulacral system on either side of each,

are the true units of pcnitamerous spnmetry, and therefore the existence of addi-

tional plates m one of th(! interradial areas merely indicates that the two borders

of this area have for some reason or other become somewhat more separated than

those of the other four, necessitating the development of protective })latcs to cover

the exposed perisome, the occurrence of such plates having a fundamental mor-

phological signifiQance no greater than that of polydactylism of a single limb among

the vertebrates or arthropods.

It must be constantly borne in mind that there is absolutely no direct corre-

lation bet'^'een the primarily skeleton forming dorsal surface of a crinoid and the

pruuarily perisomic ventral surface and the (secondarily) superficial ventral internal

organs.

The skeleton of the dorsal surface and the dorsal nervous system are governed

in their arrangement entirely by the heredity and by the ancestral meristic division,

the somatic divisions, here consisting each of an interradial area with half of the

adjacent radial areas or ambulacral areas as borders, constituting the five half meta-

meres of which tho crinoid is composed. A secondary rearrangement both of the

calcareous structures and of the nerves has taken place which to a large extent

masks this original arrangement, especially in the elongate body processes, but it

may always be detected on close examination.

The prolongation of the closely apposed marginal plates of the five origmal

metameric divisions into arms offered an oi)])ortunit3^ for the extension of the ring

systems about the CEsophagus in five long radial lines, of which advantage imme-

diately was taken ; or, to express it in another way, the arms in their elongation have

drawn out into long processes lying upon their ventral surface the radial tliverticula

from the radial circumoral systems with which they are, on account of their phylo-

genetical and ontogeiietical origin, most intimately and indissolubly connected.

Thus there is a marked secondary correlation of very recent origin within the

class between the dorsal and ventral systems which is the result of economic possi-

bilities afforded by the intersomatic (radial) extensions of the dorsal system to the

ventral systems.

In the primitive phyllopods the body consists of a large but varWng number

of segments which are remarkably uniform in structure, but in the remaining

groups the segments become locahzed in definite and strongly marked body divi-

sions;.in those tho most ustial numbcn- of significant somatic divisions included

within the thorax is five (well illustrated in th(> Decapoda) and this fact is seen to

be of no little importance when we realize that the echinoderms are essentially one-

half of a fivc-segmonted crustacean thorax from which the head and the abdomen

have disappeared by atrophy concurrently with the missing side. In this connec-

tion the greatly overdeveloped thorax of the majority of the crustaceans, and the

entire degeneration of the head of others, should be noted.
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For purely mechanical reasons a radially sj-mmetrical animal in which the

(liA-isions botwoen the radii arc formed by sutures or other lines of weakness will

always bo di\nded into tliree, five or seven parts, so that none of the lines of weak-

ness will pass through the center and thus subject the organism to danger of dis-

ruption through a shearmg strain; but if the divisions between the radii are formed

by Unes of increased strength, as m the coclenterates, the animal will be divided

into an even number of parts, the continuation of the lines of strength across the

center to the o])posite periphery' giving an added rigidity which would be lost

were the divisions uneven in number.

A comparative study of the crustaceans indicates that five is the most com-

mon number of fully developed thoracic metameres. The coincidence of the

number of available metameres and the number of radial somatic divisions offering

the maximum resistance to external forces doubtless played an important part in

the evolution of, and the establishment of pentaradiate symmetry in, the echino-

derms.

The lateral body wall of the crinoid and of the echinoid is the body wall

of half of each of five metameres of the insects or crustaceans, the other halves, on

the opposite side of the body, having become atrophied so that each of the five

developed half metameres have become curved about into a circle, the free anterior

edge of the first joining with the free posterior edge of the fifth and forming a crea-

ture ^vith jjerfcct radial symmetry. In this transformation the five i-emaining half

metameres have become most curiously altered ; the ventral portion of the five half

metameres have in some way become dissociated from the dorsal portion so that

when the final equilibrium of the adult is attained the ventral structures of each

of the five half metameres are found to be alternating in position with the dorsal

structures of the same half metameres instead of, as naturally would be expected,

lying in the same radial planes.

During this j)rocess the mouth and the peristomal region have become turned

iipward so that the}' now occupy a circular area delimited by what was originally

the middorsal line of the body; in the crinoids the anal opening occurs in the same
area, but in the urchins it occupies a circular area at the opposite pole delimited

by what was originally the midventral line of the body.

The ventral disk of the crmoid is composed of both the anterior and posterior,

portions of the animal, united in one; the column arises from the midventral area;

the area between is true lateral, corresponding in all ways to the sides of msccts

and crustaceans.

The peristome of the echinoid is anterior and the periproct posterior; but the

intervening area corresponds as in the crinoids to one side of an insect or a crustacean.

Briefly stateil the relation between the bilateral crustacean type and the

pentaradiate echinoderm type is as follows: the echinoderm consists of one-half

of a five segmented crustacean thorax from which the head, abdomen, and left

side have disappeared by atrophy; as the left siile became atrophied the right halves

of the five metameres curved about until at last the anterior and posterior ends

met, so that a radial body with five similar and equal radial divisions was fonnetl;

in some manner during this process the ventral and the dorsal portions of each
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metamere became dissociated from each other, so that the pentaradiate echino-

dcmi body consists really of ten radial divisions, five "radial," representing the

ventral portion of the five original metameres (oriented most obviously by the five

primordial tentacles), alternating with five "interradial," representing the dorsal

portion of the five original metameres (oriented by the five "dorsal" nerves).

The dorsoventral axis remains as it was originally; the anteroposterior axis

has become resolved into a circle; each of the planes originally passing through the

center of each metamere and crossing the anteroposterior axis at right angles has

become divided into a dorsal and a ventral portion, and the resulting ten planes

have become radially arranged with their iimer edges coinciding with the dorso-

ventral axis.

The digestive tube, originally lying along the anteroposterior axis, has been

forced out of this position through the rearrangement of Ihe five half metameres

in the form of a closed circle, and either comes to coincide with the dorsoventral

axis (echinoids and holothurians) or to occupy a position at the ventral pole

(crinoids).

In this connection a very extraordinary feature of crinoid morphology, which

has hitherto passed unnoticed, should be considered. In the bilaterally symmet-

rical animals development begins at the head and gradually works backward along

the anteroposterior axis of the body toward the tail. Thus when wo pass from

the tail of an animal (embryo or adult) towanl the head we pass over segments

(or groups of segments) of progressively increasing specialization and perfection,

the most highly specialized and the most perfect being found at the extreme anterior

end. In the crinoids the head, or what remains of the head, occupies an apical

position at the focus of the five radial divisions which represent the neural portions

of the five (originally thoracic) half somites. But the remnant of the head stiU

retains its influence as the center and, as it were, the originator of morphological

specialization and perfection. This progressive morphological speciahzation and

perfection makes itself felt not along the original axis (now reduced to a circle from

which the head is entirely detached), but along the five radial divisions which rep-

resent the axes of the neural portion of the five half somites of which the echino-

demi body is composed, as well as along the axis of the column; in short, along each

and every line which departs from the central nerve mass, no matter what direc-

tion it takes. Thus it is that, as the new brachials and new pinnules are added

(list ally, each successive brachial and pinnule is less perfect than its predecessor,

for it is developed at a greater distance from the morphological center of perfec-

tion; and as the columnals and the cirri receive accessions to their number only

between those already formed and the central nerve mass, each new columnal and

each new whorl of cirri is more perfect than those preceding. On account of the

apical situation in the echinoderms of what represents the head in the bilaterally

s\Timietrical invertebrates, each of the five dorsal radial divisions of the bo<ly, and

in the Pelmatozoa also the column, have come to assume to a certain extent the

developmental features normal to the neural portion of the body of a bilaterally

symmetrical invertebrate. This idea ma}- be roughly indicated by comparing the

crinoid body to a cluster composed of the neural portion of six primitive crustacean
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Relalionship between the digestive tube and asymmetry.

In all the echinodcrm classes it is the digestive tube that controls any departure

from the primitive radial symmetry. In the two groups in which the digestive

tube itself is radially synmietrical, with its axis always at right angles to the plane

of the circle representing the somatic axis (the Asteroidea and the Ophiuroidea),

none but the most trifling departures from the radial s}'mmetry occur; but in the

other three groups (Pelmatozoa, Echinoidca and Ilolothuroidea) in which the diges-

tive tube retains its original character, its anteroposterior axis often becomes inclined

to the plane of the circle representing the somatic axis, or, by a migration usually

of the anus, sometimes of the mouth, occasionally of both, becomes modified into a

crescent or horseshoe-like curve, in which event the animal immediately develops a

bilateral symmetry which is accentuated roughly in proportion to the departure

of this axis from its normal position, though decreasing again if the anus ai:)proaches

close to the mouth.

The axis of the digestive tube always maintains its character as a true axis,

and is continually endeavoring to assert itself and to overcome the conservatism or

inertia of the circular somatic axis, and to impose its ancestral bilateralism upon a

normally radial body. In tliis it has been to a large degree successful among the

more specialized types, in the so-called irregular urchins and in many of the holo-

thurian groups, which have secondarily assumed a bilateralism which, in view of

the limitations imposed bj' the primarily radial structure of the animals, may be

regarded as extreme. The elongation of the body among the holothurians I regard

as due to the dominance of this axis over the somatic, and not in any way suggesting

wormlike afTinities.

Many of the crinoids advanced far along similar lines; but the shrinking of the

calyx as well as the close approach of the two ends of the digestive tube and the

consequent neutralization of the bilateral tendency have combined to inhibit its

effect, especially in the later forms.

In the crinoids the. anus opens in the interambulacral area of the disk opposite

the anterior ray (figs. 20, p. 69, and 117, p. 1S3). It is not simply an opening in

the integument, but is situated usually at the summit, more rarely on the side or

at the base, of a conical proboscis, which may be expanded into a huge sac, and is

always large.

In the species of the family Comasteridse the interambulacral area including

the anal proboscis is typically greatly enlarged, occupying nearly the entire surface

of the dusk (figs. 25-28, p. 69). The digestive tube makes about four complete
concentric coils, all centering directly beneath the anal proboscis (fig. 21, p. 69).

The digestive tube turns to the right, so that the coils are wound in the direction

taken by the hands of a clock.

Additional growth by a digestive tube of the type occurring in the species of

Comasteridae, or dilation due to gorging with food, tends to broaden the various

coils, and also tends to force the mouth toward the right; because of the small size

of the body cavity, the chief effect is evident m the latter direction. Thus it is that

in many of the species of Comasteridse we find the mouth pushed from its normal
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position at the base of the anterior postradiai series, which it always occupies in

the young, far to the right, so that it comes to lie midway between the bases of the

anterior and the right anterior postradiai scries (figs. 25-28, p. 69).

The various ring s3-stcms mamtain their original position about the mouth;

hence the left posterior ray, orienting from the position of the mouth and the central

anal tube, has now become posterior, and is thereby placed at a great disadvantage

through bemg at a greater distance from the circumoral ring systems than any other

ray, and typically it becomes atrophied, entirely losing its tentacles, ambulacral

grooves and ambulacral nerves (fig. 27, p. 69). This condition is often found also

on the left anterior and right posterior rays, now become the left and right latero-

posterior, these being at a considerable disadvantage -when compared with the two

anterior rays, one of which is situated on either side of the mouth.

In these species of Comasteridaj we find a perfect bilateral symmetrj-; an

anterior mouth midway between two exactly similar rays, a central anal proboscis,

and a dwarfed posterior ray with two exactly similar, sometimes more or less

dwarfed, rays, one on either side of it (figs. 27, 28, p. 69).

There can be little doubt that this secondary bilateral symmetry in the Comas-

teridse is the direct result of the pressure resulting from the growth of the digestive

tube, a pressure which constantty tends to force the mouth to the right, the mouth

in its migration taking with it all the circumoral ring systems; for in comasterids

with a central mouth, and in the young of the other forms before the mouth has

begun to migrate, the five postradiai series are always similar and equal.

The calyx plates of all the species of ComaSteridiB are so reduced that they

form merely a small central disk upon which, as well as upon the arm bases, the

visceral mass rests. This relationship between the calyx and the visceral mass is

common to the pentacrinites, the thiolliericrmites, and the comatulids, and in the

young comasterid is far advanced, in fact almost perfected, before the migration of

the mouth begins, §o that we are justified in assuming that it is phj'logenetically

much older than the beginnuigs of the additional coils of the digestive tube. Thus

it has not been possible for the coilhig of the digestive tube to exert anj' direct influ-

ence whatever upon the caljx plates or upon the arms, for whatever goes on within

the visceral mass is necessarily quite independent of the dorsal skeleton.

The mouth is more or less fixed in position by the ambulacral structures which

lead to it; moreover, growth of the digestive tube whereby its length is increased

does not take place in the anterior, but in the posterior portion. Therefore the

lengthening of the digestive tube results in the formation of a sjiiral about the anal

proboscis as a center, tliis structure moving more and more centralward as the sj)iral

increases the number of its turns.

The ring systems about the mouth, and their radial continuations to the arms,

are accommodated by a more or less vertical j)osition of the anterior part of the

digestive tube. The horizontal coils of the posterior portion of the digestive tube

about the anal proboscis as a center ])ress ujion the subambulacral systems miming
to the two posterior arms; these are therefore shoved to one side and come to lie m a

marginal position, forming a horseshoe about the anterior portion of the disk, where

they fuse more or less with the same structures running to the three anterior arms.
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Fio. 94.—Lateral \tew or aspecuien of Asterouetra uacropoda from sodthwestern Jai'an, snowiKO tuk relative

PEOPOBTIONS OF THE ARMS, PIXNfLES, CENTBODOSSAL, AND CIRRI.
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After all possible compensation has been made for the elongation of the digestive

tube beneath the enormously enlarged anal area, furtlier ])ressure forces accommo-

dation bv a lateral migration of the mouth to the right, resulting in the secondary

bilateral symmetry.

This ijiterpretation of the conditions found in the Comasteridje gives us a clue

to (he siiinificaiK-e of the anal structures characteristic of the species exliibitijig so-

called secondary bilateral symmetry. In these species, so far as we kjiow, the diges-

tive tube makes a little more than one complete turn, to the right, as in the Comas-

teridae; the mouth is cejitral or very nearly so, while the anal proboscis, situated in

an interambulacral area -which is more or less enlarged, is marginal or submarguial.

The digestive tube runs about the margin of the disk, its anterior portion turning

abruptly centralward to the mouth; this anterior portion is narrow, of more or

less hxed diameter, and of more or less fixed position. The middle and posterior

portions of the digestive tube are larger, more variable, and less fixed. Thus any

lengthening of the digestive tube, or any gorging with food, has the effect of alter-

ing the relationshi{)s of the posterior end, the anal proboscis and the surrounding

structures.

In the echinoderms with a rigid covering, the echinoids, asteroids and ophiu-

roids, each end of the digestive tube is more or less firmly fixed; hence the accom-

modation necessary as a result of the motion constantly taking place is taken up

along its central portion within the ample body ca^^ty. In most of the holo-

thurians the elastic and pliable body wall admits of accommodation to internal

changes, wMle in the others accommodation is effected as in the urchins. In the

echinoids, asteroids, ophiuroids and holothurians, therefore, there is no incentive

to external change from the constant changes taking place in the digestive tube in

the exorcise of its functions.

In the crmoids conditions are quite otherwise; here the body cavitj^ is reduced

to a minimum ; the dorsal part of the visceral mass is inclosed by a rigid cup and the

ventral part is roofed over by a pliant, though more or less plated or at least spicu-

liferous, tegmen. Owing to the small size of the body cavity aU the internal organs

wliich are unable to migrate out along the radial extensions are greatly crowded.

Any internal movements must therefore be accommodated by changes in the ven-

tral covering which, if extensive, may be communicated to the calj-x plates about

its border.

I have remarked that the interambulacral area in which the anal proboscis hes

is always the largest of the five mterambulacral areas; its surface is also always the

most convex. The constant movements of the posterior end of the digestive tube

appear to be amply sufficient to explain this.

Now the posterior portion of the digestive tube enters the region under the

posterior interambulacral area from the right; hence the tendenc}^ of the motions

here and of the lengthening of the digestive tube would be to shove the anal pro-

boscis constantly toward the loft, and also, as the digestive tube rises into the

anal proboscis, to pull the surface of the outer right hand side of the posterior

interambulacral area upward.
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Fia. OS.

Fio. 95.—Lateral \tew of a specimen of Tiulassometka ^^LLosA from tiik wester-v Aikutian Islands, showdco rm
RELATIVE PROPORTIONS OF THE ARMS, PINNULES, CENTRODORSAL AND CIRRL
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Now tho effect of the nioveniciits of the posterior end of the digestive tube

upon tho progressive reduction in the size of the calyx, and upon the reduction of

the jiuniber of the calj-x plates, is continually to hijider its progress in the posterior

interradial or anal area, so that this area constantly reniabis somewhat larger than

the others and is the last one from which the primitive calyx plates, having become

functionlcss and obsolete, are dropjjcd. The lateral and ventral movements in the

posterior end of the digestive tube cause a continual liftmg stress, wliich is exerted

in a diagonal direction toward the upper right-hand corner of the posterior inter-

radial or anal area, or more correctly result in pro])pmg up this corner of the pos-

terior interradial area, as well as tho right posterior postradial series, so as greatly

to liinder the consummaticm of the reductive processes.

As a consequence of this force, alwa3's present and constantly exerted, the

interradial and other plates in the posterior interradial area are able to maintain

their hidividuality and their existence long after they have entirely disappeared

from all the other areas, while as a result of the constant propphig up of the right

posterior ray the subradial plate is able to maintain itself under that ray long

after it has disappeared from beneath all of the others; at the same time the tend-

ency to reduction, which is just as strong in the posterior as in the other inter-

radial areas, wiU be confhied to the left-hand side of that area, so that all of the

plates and structures lying in it will be distorted and turned toward the right.

The presence of the persistent subradial plate under the right posterior radial

is a characteristic feature of many genera in the Flexibilia, and, so far as is known,

this plate is always present in the young of the recent forms (fig. 563, pi. 6). But
its true significance and its homologies have heretofore never been understood; ia

tho fossil types it has been considered a distinct entity and dignified by tho name
of radianal, while in the recent types, as for instance in Antedon, it has always been

known as the anal, though it has nothing whatever to do with the so-called anal

of the fossil species.

Tho observed tendencies in the species of the fossil Crinoidea Flexibilia, and
tho effects which we would naturally infer would foUow in crmoids undergoing

reduction in the size of tho visceral mass and of the calj'x wliich possess a digestive

tube of the typo occurring in the recent species (excepting certain comasterids) for

purely mechanical reasons, are thus seen to be in perfect agreement.

As the entire test of tho urchin, except for its small apical portion, is com])aral)lo

to that ])art of the crinoid between the apical system and the arm bases, it naturally

follows that any increase in the i)lates of the latter in this intermediate area is a

step in the direction of the urcliins.

The radial is the equivalent of two of tho ambulacrals of the urchins; the

radianal (or any one of the sul)radials) is the counterpart of another (single) ambu-
lacra! formed between the radial, wliich represents tho two radial aml)ulacrals border-

ing the peristome, and the infrabasal, which represents the ocular.

Thus tho subradials of tho crinoids are formed exactly in the same place and
in the same manner as the series of ami)ulacrals in the echuioids, and they not onlj'

give us a valuable clew to the paths of divergence of the crinoids and of the echinoids
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Fios. 96-9S.—96, Lateral vmv or a specimek op Thalassometra maroinata from the Laccado-e
Islands, showing the relative proportions of the arm dases, centeodorsal and cirri, the
arrangement of the cirri on the centeodorsal, and the TtDERCULATED H0RSAL Pv>LE OF
THE L.VST NAMED. 97, LATERAL VIEW OF THE IDR|, RADIALS, CENTRODi1RS.\L .VXD CIRRI OF A SPEC-
IMEN OF STIREMETRA CARINIFERA from THE INDIAN OCEAN, SHOWING THE REL.*Tn-E PROPORTIONS
BETWEEN THESE STRUCTURES, AND THE BIDENTATE DORSAL KEELS OF THE MORE PROXIMAL OF
THE OUTER CIRRUS SEGMENTS. 9S, LATERAL VIEW OF THE PROXIMAL PORTION OF A SPECIMEN OF
Ps.\TH^-ROMETRA MAJOR FROM THE Ea.ST INDIES, SHOWING THE RELVTnE PROPORTIONS OF THE
CIRRI, CENTRODORSAL AND ARM BASES, AND THE ARR.INGEMENT OF THE CIRRI ON THE CENTEO-
DORSAL.
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from their common ancestor, but also suggest the original method of formation of

the division series as developed in the crinoids.

The existence of the radianal and of anal x in the fossil crinoids and in the

pentacrinoids of the recent forms indicates the persistence of transitional character

between the crinoids and the nrcluns.

Mr. Frank Sjiringer has noticed that in the Crmoidea Flcxibiha there is a

curious influence which has modified the bilateral symmetry of almost every genus,

alwaj's in the same wa}'; the small infrabasal is almost invariably located under

the right posterior radial; the radianal originates under the right posterior radial

and migrates from this position upward until it disappears, but always keeps to

the right of the median hne of the posterior intcr-

ambulacral area ; the vertical series of plates arising

from anal x is affected by the same tendency which

. persists long after the radianal has disappeared, and

loans to the right so that the vacant space is always

widest at the left.

The modification and differentiation of the anal

area in the older fossil crinoids by the occurrence

of a radianal and of the so-called anal x, while in the

later and recent types the anal area is similar to the

other mterradial areas, would seem to indicate that

a perfected radial symmetry was attained through a

condition in which the posterior interradial area

was distinguished by the existence of two plati'S not

occurring elsewhere, and therefore that prunarily the

crmoids were bilaterally sjanmetrical animals which

attained radial symmetry through a shortening of

the body and a correlated centralization of the

various organs. Additional facts apparently sup-

I)orting tliis \-iew are the stabiUty and (vbsenco of

variation of the anterior arm, which is not infre-

quently absent (though no case has been reported in

which an}- of the other arms are absent), and the

bilateral behavior of variation affecting the other four

arms. The e\adonce on these points seemed so conclu-

sive that I t)nco suggested the possibiUty of the derivation of the echinoderms through

a bilateral ancestor with two pairs of lateral body processes, the (not infrequently

absent) anterior arm being explained as one-half of an additional pair interpolated

between the two processes of the anterior bilateral pair; and I suggested as repre-

sentmg a step toward such a condition such variants among the insects as possessed

an additional wing inserted anterior to one of the wings of the anterior ])air.

This theory appeared to have abundant palieontological su])port, and was
moreover emphasized by the fact that in sLx-rayed individuals the added ray is

almost invariably inserted behind the left posterior, thus again pointing to the

anal area as rejjresenting a true vegetative posterior region.

FlO. 99.~I,ATERAI, VIEW OF THE PROXI-

MAL PORTION OF A SPECIMEN OF CHLO-

ROMETRA RUGOSA FROM THE rutLIP-

PixE Islands, anowiNO the relative
PROPORTIONS OF THE CIRRI, CENTRO-

DORSAL AND ARM BASES, AND TBE
ARRANGEMENT OP THE CIRRI ON THE
CENTRODORSAL.
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At that time I was well aware that the facts of embryology tended to discredit

my conclusions, but I hoped later to find sonic way by which they might bo shown
to be in reality in agreement with them; the pakeontological evidence and the

evidence derived from the study of variants was apparently so clear that I con-

sidered myself safe in relying implicity upon it.

The recent and later fossil crinoids all have a much more perfect radial pentam-
erous symmetry than those of the palseozoic; but from the facts brought out by
a study of the development of Antedon and by a comparative study of each of

the various sets of structures wMch collectively make up the crinoid whole, })oth

m the earUer and in the later types, it becomes evident that the primitive cruioidal

arrangement is a perfect ])entamerous symmetry, each radial with its post-radial

scries bemg exactly like every other, and each interradial area also being exactly

Uke all the other interradial areas. In other words, the primitive crinoid was

as regularly radially symmetrical as the most regular of the urchins.

Zones of similar skeletal potency.

One of the results of the assumption of radial symmetrj' Ity the crinoids, and

by the echinoderms generally, has been the eventual delimitation of concentric

zones of similar skeletal potency. This is not by any means a new structural

feature, but an adaptation of a very general one m a somewhat new form.

If we take any crustacean or insect and draw a line around the contour of the

animal from the midline of its dorsal surface to the midline of its ventral surface,

we find that that line passes over several different thicknesses of dermal covering

of which the most dense is the dorsal and the least dense is the ventral, and the

same relative proportions are found between the different heights at all points,

the degree of morphological differentiation decreasing from the neural (dorsal) to

the haemal (ventral) apex in all the radii. A line from the apex of a crinoid, or from

the edge of the periproct in the echinoid, to the edge of the ventral disk in the crinoid

and the edge of tho peristome in the echinoid, covei-s exactly the same ground as a

line from the middorsal to the midventral line in the bilateral crustaceans or uisects.

In the echinoids we find in the skeleton forming portion of the body wall two

distmct zones, the coronal rmg and the area between this rmg and the peristome;

but in the crinoids the conditions are more complex. Here we have the coronal

ring always divided into two separate rings; the first of these, the infrabasal ruig,

is composed of small j)lates which, like the oculars of the echinoids which they

represent, are singularly uniform in proportions, and admit of no additions to

their number; the second, the basal rmg, is composed of larger plates which, like

the genitals of the echinoids which they represent, are variable in size, and jicrmit

of additions to their number. The radianal is such an addition.

Any plate added to their number immediately takes on characters identical

with those in the original plates of the series.

Following these are the plates of the intermediate area (pseudambulacrals)

arranged ui tandem groups of two each, and beyond them the brachials

Each of these zones, indicated by (1) the infrabasals, (2) the basals, (3) the

pseudambulacrals and (4) the brachials, is a zone of equal growth in which any
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F.O.100.-LATEEAt VIEW OF A SPECIMEN OF OtVPTOMEIRA Tn.OREKS.3 PROM TmoR, SHOWmO TOE RELATIVE PROPORTIONS
OP THE AEM3, PINNULES, CENTRODORSAL, ANI> CIRRI.
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new plate formed ^vill develop along the same lines as the plates abeady present

in that zone. . .• i r i

The zones of similar skeletal potency of the echinoderm are not entire y radial

as has commonly been assumed, but are chiefly concentric about the dorsal pole as

FIO. 102.

... m.m.-m, noK3...-.w or . spkc.m.. o. s.ko.o„.™. o..^;;^:;;^ rr™;r.TKor.xr:Hr

a center a circumstance which is at once explained when we remember the homology

between the sick« of a crinoid from the doi.al aspect to the ventral perisome with

the sides of an insect or crustacean.
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Internal skeleton.

In the crustaceans the cuticle in the region of certain mouth parts (as for

instance in tlic rofricn of the niandiblos) is folcU-d inward, forming chitinous "t<'n-

dons," or insertions for muscles, protecting the ventral nerve cord and v<'nous

blood sinus, and constituting the complex, apparently but not really, internal

endophragnnU skeleton of the thorax. It is a development of tliis endophragmal

skeleton of the crustaceans which forms the calcareous mouth plates ui the holo-

thurians, the complicated " Ai-istotle's lantern" of the echinoids, and, folded out-

ward bestead of inward, the long and complex arms of the crinoids.

Skeleton of the heteroradiate echinoderms.

Judging from the skeletal system the holothurians and echinoids are the most

primitive of the heteroradiate echinoderms. In both of these groups the longi-

tudinal axis of the digestive system passes (more or less ob-vdously) at right angles

thi-ough the center of the curler into which the longitudinal axis of the original meta-

mercs has become transformed, and in both there is present a coronal ring of 10

plates, 5 large and 5 smaller, the latter radial in position, this ring in the holothurians

being situated about the oesophagus at the opposite polo of the body from where it

is found in tlie echinoids.

The bordering plates of each radial division always keep entirely distinct

from those of the adjacent series and never fuse with them, though they may com-

bine to a greater or lesser extent among themselves. The central series of plates

and the bordering plates in the urchins are typically subequal m size, though there

may be more or less difference; the individual plates of each series are always

similar and equal, or very nearly so.

The embryology of the insects and crustaceans shows that development begins

at the anterior end of tlie bod_v, gradually extendmg itself posteriorly. Fusion

of segments and other simihir phenomena are firet e\'idencod in the anterior portion

of the larva, to which portion they are often confined.

Thus the anterior situation of the calcareous ring of the holothurians would

suggest that in th<'se animals it is a new structure, just in the mcipient stage, this

hj^jothesis being strengthened by its somewhat indefinito character.

Echinoids may be described as holothurians in which the ring of 10 plat(>s,

now of fixed and dcfmito size and interrelationships, has moved backward along

the body to the posterior end, so that it surrounds the anus instead of the mouth,

each plate leaving a trail of redupUcations of itself behind it to mark its passage.

In the echinoids the spicidated covering of the body as seen in the holothurians is

now reduced to a small circular area within the coronal ring, and even here the

spicules may be segregated into a single large plate.

The traveling of the coronal ring in the echinoids from the original position

which it occupies in the holothurians to the opposite end of the body is clearly indi-

cated by the fact that new plates in the test are only formed between the ])lates of

the coronal ring and the plates already formed. In any series of imits addition to

the number occurs only at the free end, which is normally the place of increase.
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Tlius in the asteroids we know that the terminals at the end of the arms are reaU}-

body plates pushed outward by the growth of the amas and by the addition of now
plates just beneath them. And similarly we are equally sure that in the echinoids

FiQ. 103.—Latebal view of a specimen of Antedon petasus from Sweden, sHowraa the eelath-e propobtions of the

ABM9, PDJNDLES, CENTEODOESAL AND aBRI.

the primitive position of the coronal ring is around the mouth, it having been shoved

to a position about the poriproct by the entire growth of the body ha^^ng been

ventralward, jtost as it is outward in the asteroid arm, forming new plates as it

goes.
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The coronal plates of the uirhins are tloflnite and distinct, five largo, in the

center of the five somatic di^-isions, and five smaller, situated between them. The

five large stand at the base of the interambulaeral series, and the five small cover

the bases of two adjacent marginal series. These coronal plates alwaj's main-

tain the same relationsliip with the other plates. They increase in size more or

less by accretion, but necessarily this accretion occurs only, or at least chiefly, on

their free inner edges. In a circlet of alternating largo and small plates the large

plates will possess, through the dommance of excess growth, the more nearly perfect

shape. Thus, the lateral borders of the larger plates will not bo directed straight

toward the center of the periproctal area, but will bo mutuall}- more convergent;

and so, as the larger plates grow proportionately faster than the smaller ones, they

tend to come into contact behind the smaller ones, cutting these off one by one from

the periproctal area, though without m any wa}' altering their original intei-rela-

tionships or their relationships with the columns of plates arismg from them.

In the crinoids the primitive arrangement of the coronal ring has been altered

by the segregation of the plates into two rings, the larger plates forming a closed

circlet surroxmding the closed circlet composed of the smaller. The central plate,

formed during the echinoid stage by the assembling of the calcareous elements in

the periproctal area within the coronal ring, and by no means a constant feature in

echinoid morphology, has now become fixed and permanent, increased enormously

in size, and become reduplicated so that it typically forms a long and solid column.

The enclosure of the small plates of the coronal ring within the closed circlet

formed by the larger resulted in separating the small plates from the columns of

plates arising from them; these t-hereupon ceased abruptly to develop, and became

segregated and metamorphosed into the division series.

The internal ring of the holothurians came to the surface and moved to the

posterior end of the body in the echinoids. But in the latter the elements, 10 in

number, of another ring surrounding the anterior portion of the digestive tube

appeared and, in many forms, became greatly multiplied and developed. These

fused Avith the plates of the body wall on their peristomal border, forming the

auricles, in the more specialized types surmounted by apophyses, and connected

with complicated dental pyramids.

In the crinoids the original coronal ring has become greatly reduced and more
or less degenerate, the small plates becoming frequently reduced to three, or absent

altogether in the adults, and the larger also becoming often reduced to three, or

entirely metamorphosed or absent in the adults. The second coronal ring, ct)n-

sisting of the auricles and apophyses in the echinoids, has in the crinoids followed

the same course as the first; it has become external, the 10 elements having fused

into 5, through lateral apposition with their fellows in the adjacent somatic

areas, which have become produced as long intersomatic arms borne upon a basal

structure formed of fused and metamorphosed body plates (radials) corresponding

with the somatic marginals of the echinoids (ambulacrals).
• In the more specialized comatulids the firet circlet of coronal plates (infra-

basals) is only represented in the early larva of a few species, and the second is

almost completely altered in early postlarval life, moving inward so as to form an
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internal body septum; the firet arm plates (radials) eonstitute the entire cah-x.

Resting upon these first arm plates and the arm bases is the large visceral mass,

more than half of the total area of which is exposed.

Fig. 104.—Lateral view of a specimen or Asiedon buida from PLYMOcin, Enolanii, sHowisa the relathe propor-

TIONS OF THE ARMS, PCnTOLES, CENTRODOESAL, AND CIRRI, AND THE INTERPRUIIBEACHIAL PLATES.

In the majority of the holothurians the calrareous plates other than diffuse

spicules are wholly internal, and the entire body wall is soft.

The crinoidal columnals have the same ultimate origin as the calj-x plates;

but they arose, not directly from an aggregation of spicules nii.l jilatos, but sec-
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ondarily from a single apical plate which was thickened and then divided into many

segments by a sort of division or continuous twinning process. Each columnal is

thus in itself the equivalent of a single calyx plate, and yet all the columnals col-

lectively are also the equivalent of a single calyx plate. Being of secondary deriva-

tion, the columnals early come to have an entity of their own, so that all but the

very earliest of them are developed as columnals, with little or no hmt as to their

pliylogcnetic origin.

Like the columnals, the brachials are secondarily developed through continu-

ous budding, involvmg a mo<lified twinning process, from the distal edge of the

radials, which are themselves the llret brachials, and they also preserve scarcely

more than a trace of their plate and spicule origin, but appear almost from the fii-st

with iill their distinctive characters; indeed so specialized have the brachials become,

and so complex are thcii- interrelationships, that we can only consider them as an

extraordinary and perfect type of pseudo-vertebrae.

In the echinoids, except for a small peristome and an equally small or smaller

periproctal area, both protected by spicules or small plates and the latter often in

addition by a more or less perfect sioranal, the entire body is enclosed within a

sohd calcareous test, and a second coronal ring of 10 detached elements, fused with

the peristomal edge of the interambulacrals (or secondarily of the ambulacrals)

,

appears.

In the crinoids the body is again largely exposed, especially in the later and

recent species, this exposure beginning at the anterior end and working posteriorly.

The coronal ring has more or less disintegrated, while the arms, derived from the

second coronal ring which first appears in the echinoids, are gradually moving

inward so that their bases are very near together.

The holothurians exhibit (1) the ancestral type of a spiculated body covering,

imdifTerentiated (or rarely differentiated) into plates; (2) a coronal ring, more or

less developed, of five large (interradial) and five small (radial) plates situated in

the primitive position about the anterior end of the digestive tube; (3) a longi-

tudinal axis determined by the digestive tube which passes through the center of

the circle into wliich the longitudinal somatic axis has been resolved, at right angles

to its plane.

Speaking broadly, the echinoid is essentially a holothurian encased in a solid

calcareous covermg. A crinoid is . essentially a stalked echinoid.

In the evolution of the echinoid from the holothurian-like ancestor the body
necessarily took on a globular form, this form m a solidly encased organism offering

the maximum resistance to fracture and aUomng of a maximum of contents. But
the spherical form, quite apart from questions of securing food, etc., is not adapted

to a stalked habit. Supported upon a broad more or less flattened area, as in the

echinoids, it gives the ma.ximum resistance to external forces; but supported on

a very small (apical) area it becomes exceptionally weak. Immediately, therefore,

there results a massing and a concentration of the plates about the apical pole

to form a platform or a solid cup bound tightly to the summit of the column and
making with it practically a single unit upon which the visceral mass, now exposed
by the sudden withdrawal of the plates covering its ventral jiortion. rests. This
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FIG 105 -LATERAL VIEW OF A SPECIMEN OF ANTEDON MEDITERRANEA FROM NAPLES, SHOWINO THE RELATE PROPORTIONS

OF THE ARMS, PINNULES, CENTRODORSAL, AND CIRRI.
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couccntratiou and rearrangement of the plates and their solidification is accom-

panied b}' an enormous reduction in their total mass, so that the column has a

much lessened weight to support.

The crinoid is most nearly related to the echinoid, but possesses certain features

both of the asteroid and of the ophiuroid, so that it is to a considerable degree

intermediate between them. The characters which link the crinoids to the echi-

noids on the one hand, and to the asteroids and the ophiuroids on the other, are ail

most evident in the older forms; and in these we find the characters connecting

the crinoids and the echinoids more pronounced and more significant than those

connecting the crinoids with the asteroids and the ophiuroids. In the later types

and in all the recent forms the connection with the echinoids has, owing to the

increasing proportionate size of the five radial processes of the body and the corre-

lated proportionate great reduction in the size of the body proper, become largely

obliterated, while the traces of the connection with the asteroids and with the ophiu-

roids have not been subjected to anj^thing like the same degree of suppression.

All the plates of the crinoids and echinoids appear to have been derived from

the circumoesophageal plates of the holothurians except the auricles and associated

plates in the echinoids, and the brachials beyond the third in the free arm corre-

spondhig to them, and the orals, in the crinoids.

The fundamental plate series in all the echinoderms thus appear to reduce

themselves to rmgs of plates around the mouth, or at least about the anterior

portion of the digestive tube—one in the holothurians, two in the echinoids, and
three in the crinoids.

It remains to be seen whether any homology may be found for these successive

rings of plates among bilaterally symmetrical invertebrates.

These plates consist of five larger, in the midsomatic areas, and usually also

five smaller, in the intersomatic regions, though the latter may be absent as in the

oral ring of the crinoids and in the coronal ring of the blastoids and of the so-called

monocyclic crinoids.

In the echinoids there is commoidy developed in cormection with the second

ring sj'stem, the auricles, an extremely complicated structure known as the "Aris-

totle's lantern," consisting of five dental pjTamids, each surmounted by a powerful

tooth.

In the insects and crustaceans there is usually developed on at least one of the

anterior somites a pair of powerfid mandibles, which may be either wholly chitinous

or partially calcareous. These mandibles are usuall}- associated with the anterior

end of the digestive tube more intimately than an}' other of the mouth parts.

All the somites of the echinoderms are exactly alike; any structure occurring

in one may, and usually does, occur similarly developed in all the others. In the

rearrangement by wliich the echinoderms were evolved from their bilateral ances-

try the mandibles and their braces, the most significant of all the mouth parts,

were retauied potentially in their original relationship. Tliere bemg five somatic
divisions about the mouth, the mandibular structures when present are always
repeated five times, each of .the repetitions bemg similar to each of the others.
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F.O 100 -LATERAL VffiW OF A SPECIMEN OF A.VTEDON ADRUTICA FROM TRIESTE, SnOWINO THE RELAT^-E PBOPOETIONS OF THE

ARMS, PINNULES, CENTRODORSAL, AND CIRRI.
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Each crustacoan limb tyi)i('ally consists of a basal piece, the protopodite,

with two jointed branches rising from it, the internal endopodite and the external

exopodite, tliough in many forms the outer branch disappears; the protopodite has

usually two segments, a basal or proximal coxopodite and a distid basipodite; it

is the specialization of certain of the appendages to function as masticating organs

which especially characterizes arthropods as compared with annelids. The struc-

ture of the higldy complicated "Aristotle's lantern" in the ecliinoids, and of the

equally complicated arms of the crinoids, is reducible to the structure of the primi-

tive crustacean appendage, plus the internal accessory structures, while the speciali-

zation of certain of the appendages to function as masticating organs, or at least as

mouth plates, is as characteristic of the echinoderms as it is of the crustaceans.

The mandibles in the articulates are such higlily specialized appendages and

so intimately comiected with the digestive tube that on reflection it is not sur-

prising to fuid them in a modified form carried over into the echinoderms.

The mandibular structures in the holothurians are very rudhnentary, and tliis

set passes backward without attaining any further perfection. No sooner does

one set of mandibular structures pass backward from a position about the mouth
than another unmediately forms there to take its place.

This second s(>t m the ecliinoids has attained a most extraordmary development.

In the cruioids, in which this also has moved backward and lost its great com-

plexity, though retaining in the long and tapering arms an extraordinary number
of individual elements.

The thud set, the crinoid orals, developed about the mouth on account of the

moving away of the second set to form the arms, are very large, but extremely

simple in structure, and often become entirely resorbed in fully grown animals,

though when this is the case a fourth set sometimes replaces them.

The interpretation of the free undivided arms of the crmoids as remotely

homologous to arthi-opod appendages explains how the ambulacral grooves and

other ambulacral structures happen to be drawn out upon them. Intimately con-

nected with the mouth, upon moving away from it they drag with them much of

the circumoral structures.

In the same way, in migrating backward over the surface the coronal ruig of

the ecliinoids has carried vrith it extensions from certain of the mouth structures,

as, for instance, the water vascular tubes.

Embryology teaches us that there is a constant and well-defined path followed

by developing structures. All developmental processes first begin at the head end
of the erabrj'o and gradually extend backward toward the tail.

In the echiuodenns the longitudinal axis of the bilateral invertebrate is resolved

into a circle and a straight line passing through the center of the circle, the circle

representing the axis of the somites, the straight line that of the digestive tube.

The circle, with no begiiuiing and no end, has ceased to function as a true

axis, or to have any other significance, leaving the line at rigiit angles to its plane

as the oidy functional axis.
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Thus it is that iii the echinoderms the course of the successive calcareous

rings is from the oral to the aboral eud of the animal, and the circumoral struc-

tures liave been drawn backward to the apical pole along with them.

The original somatic divisions of the echinodemas have become so inert that

they play no part whatever m the morphology of the animals, further than indicat-

FlO. 107.-I1OESAL VIEW OF A SPECIMEN OF CoMPSOMETRA KCOMMOD.V FROM PoRT JACKSON, NEW SOUTH WALES, SHOWINQ TUE

RELATIVE PROPORTIONS OF THE ARMS, PINNULES, CENTRODORSAL, AND CIRRI.

mg the radial symmetry antl iudicatiug the paths by which the mouth structures

must travel backward between them.

Withm the class the bilateral symmetry of the echinoderms is determmed

wholly from the digestive tube.

In the urchins the oculars alway stand at the heatl of the ambulacral scries

from which they are never separated; they always remain extremely imjiortant
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constituents of the test, and are perhaps the most important plates of the coronal

rin^. In the crinoids there has been a general tendency, though a tendency which

is not in any way regular or uninterrupted, toward the suppression of their equiva-

lents, the infrabasals, and with the supi)rcssion of tlie inirabasals has come the

similar suppression, of the following series of plates which are usually, and always

in the later tyjies (excepting in the very yoimg), dispensed with altogether save

for tlie radials (representing the ambulacrals in the echinoids wliicli immediately

border the peristomal area), which now are closelj' united to the closed circlet

of bnsaLs.

In certain crinoids, mostly post^Silurian, in which the \-isceral mass is very

large we find a significant reversion in the form of a subradial plate inserted below

the right posterior radial, and later beneath aU

the other radials also. These subradial plates are

usually separated from the infrabasals by the

closed circlet of basals ; but in a few genera, as in

TJtenarocrinus, Sagenocrinus, and Uovmlocrinus

the one beneath the right posterior raiUal connects

that radial directly with the infrabasal. These

subradial plates I take to represent the entire am-
bulacral series in the urchins which the great en-

largement of the ^^sceral mass in these types and
the corresponding necessity for the development

of protective plates has permitted to form. Es-

pecially significant in this connection is the genus

Acrocrinus in which the radial circlet is widely

separated from the basal circlet by a very lai^e

number of plates potentially the eqiuvalent of the

plates between the coronal rir^ and the peristome

in the urchins.

FiQ. 108.—Lateral view of a specimen of

COHPSOMETRA LOVfiOT FEOM PoRT JACKSON,
New South Wales, showing the relative

proportions of the arms, pinnules, centro-

dorsai., and cirri.

Effect of external mechanics upon the crinoids.

We have become so accustomed to dealing

with bilaterallysymmetrical animals wliich move,

by means of various methods of progression, head
first in the direction of the longitudinal axis of the body and hence, broadly speak-

ing, are subject to all the same mechanical influences, that we often fail to realize

the importance of a thorough appreciation of the effect of purely mechanical

forces upon an animal which has become fixed or has almost entirely lost the

power of locomotion. But a close study of the mechaiucal forces which ecliino-

denns arc called upon to meet gives us a clue to the true interpretation of many
features of ecliinodermal structure which othenvise are quite inexplicable.

For instance, the contour of the rouiidod body of the urcliin is determined not

by any inheritance on the part of the animal from its crustacean prototype, but

by the struggle for supremacy between a constant tendency toward a spherical

form, allowing of the maximum of content within a minimum surface, and a constant
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no 109 -LATERE VIEW or A SPECMEN- ..F ZENOMETRA TRI3ER.AU3 FROM THE HAW.UI.O.- ISLAM>.. SUOWCCO THE EEUVT^-X
FIO. 109. 1.ATER.V- W

^^^^^^^^^^^ „p ^„j. ^„3, HKSUIX3, CENTEODORSAL, A.VD CIRRI.
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fciKk'iuy toward a flattened disk-like form, giving the maximum resistance to wave
motion and to oxtornal influences generally; sometimes one, sometimes the other

of these tendencies gets the upper hand, depending upon the local conditions of the

chosen habitat of the particular type; often the foi-m is modified, as in the so-called

irregular urcliins, by the assumption of locomotion in a definite direction, wliich

imme<liately results in the elongation of the body in this tUrection.

The mechanical factors involved in the habit of the stalked crinoids necessitate

the close cohesion of the basals in the form of a closed

ring, so that the infrabasals are permanently divorced
^*"^ ,a,^^ ' l/^

^**l'*n''^
from the radials, the followang plates in the ambulacral

ir -—>i^^
I
•'^^^Tr :

series. Similarlyrcsponsetourgentmechanicalexigencj'

has necessitated the incorporation of the radials (which

correspond to the ambulacrals immediately surrounding

the peristomal in the ecliinoids) as a closed ring in the

calyx just beyond the basals.

Purely mechanical considerations therefore require

that the dorsal portion of the most primitive crinoid

calyx, which entirely encloses the visceral mass, shall be

composed of closed rings of five plates each, these rings

being two in number, as two rings offer much greater

resistance to outside forces than three or any greater

number. These two rings will be the circlet of radials

upon wliich the arms are borne, and the circlet of

basals, situated between their bases. The infrabasals,

which lie on the border line between two (half) meta-

meres and are in a way space fillers serving to increase

the area of the apical region, will not appear.

If by any chance circumstances should arise through

wliich the strict operation of these mechanical laws were

obstructed or held in abeyance we should expect that

at once there would appear in the crinoid calyx addi-

tional plates which, far from being new structures or

structures appearing for the first time, in reality would

be ancient structures long dormant in the crinoid

organization awaiting only the relaxation of the strict

and closely circumscribed mechanical limitations to

reappear in their ancient fashion.

It is not at all inconceivable that a new animal tj^pe suddenly called upon to

meet entirely new and very stringent mechanical or cecological conditions, to

respond to mechanical forces entirely different from any which its ancestors have
been called upon to meet in the past, should first appear in a somewhat extreme

form, a form characterized by the complete dominance of the response to the

mechanical or cecological factors involved, coupled with an equally complete reces-

sion of the characters which, through a knowledge of its antecedents, we should

expect it to exhibit; and, later, as a result of the gradual adjustment to the new

FiQ. no.—Lateral view op the pkoxi-

MAL PORTION OF A SPECIMEN OF PSA-

TIIYROMETKA B0REAU3 FROM THE
WESTERN Aleutian Islands, show-
ing THE proportionate SIZE OP THE
CENTBODOR8AL AND ARMS.
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Fio. Ill—Laiekal view of a specimen of Leptometra celtica from the Bat of Biscay, showing the rei^tive

PROPORTIONS OF THE ARMS, PINNULES, CENTBODORSAL ANH CIRRI.
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mechanical or cecological conditions, and of the continued pressure of the ancestral

characters, should evince a decided tendency to revert to the latent ancestral t^-pe

of stracture through wliich, antl not directly from the early type, it finally reaches

its ultimate most liighly specialized and perfected condition.

The very simple structure of such types as the Larviformia and BotJiriocidaris

does not indicate that they represent the true phylogcnetic prototypes from which

all the later crinoids and echinoids have developed, but rather suggests that they

are new and aberrant types in which the sudden and remarkably perfect mechanical

readjustment has for the moment inhibited all inherited tendencies wliich, however,

will slowly reassert themselves just as soon as they can adapt themselves to the new
mechanical conditions. The Larviformia and Bothriocidaris fonn the structural

starting point for the ciinoids and for the ecliinoids as we know them ; but I believe

that both types are very aberrant, abnormally simplified, if I may so express it,

and therefore give far less accurate a clue to the true affinities and ultimate origin

of their respective groups than do the Flexibilia or the Archseocidaridae of later

occurrence.

Logical and connected proof of this hypothesis is not possible; but many facts

may be found in any group of which we have an adequate knowledge which appear

to substantiate it. For instance, the first cetacean to appear is the Eocene genus

Zeuglodon, wliich in man}- ways presents fewer mammalian characters, and cer-

tainly is far more fish-like than any of the latter forms; again, the earliest holo-

thurians of wliich we have any record, Eldonia, Laggania, and LouiseUa, are,

superficially at least, much less close to what we commonly regard as the typical

membei-s of the group than the great majority of the subsequent genera.

It was this curious specialization of primitive types through the temporary
dominance of the effect of an entirely new cecological or physical environment wliich

led me at one time, by a rather natural misinterpretation, to make the statement

that among the crinoids the early forms are phylogenetically'no less advanced than

the later.

The calyx plates of the crinoids respond, immediately to any change in the

mechanical forces bearing upon the dorsal cup. A verj' flexible and yielding column
allows of the retention by the calyx plates of conditions which more or less closely

approximate their original relationsliips; with mcreasing rigidity of the column
comes increasing compactness and soUdity of the catyx, necessarily accompanied
by increasing reduction of the calyx jdates, which eventually culminates in their

almost complete degeneration, so that instead of forming the capsule witliin which
the visceral mass is situated, and by which it is ])rotected (theu- original function),

they merely form a small, flat, closely knit jjlatform, ujjon which the center of the

visceral mass is supported. (For the details of this process see p. 341.)

This condition reaches its extreme development among the comatulids, in many
of which the calyx is so reduced as to serve for little else than a central ])ouit for the

attachment of the arms, for the comatulids are attached to the sea bottom or to

objects upon the sea bottom by numerous cirri springing directly from their dorsal

pole, and are therefore the most firmly and immovably fixed of any crinoids.
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FIO II- -LATERAL VIEW OF A 3PECIMEN OK TEROMETEA DIOMEDE^ FROM SOUTHERN JAPAN, SHOWINO THE ENORMOUSLT

DEVELOFED SYNABTBBIAI. TUBERCLES.
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The two coinatulid genera Marsupites and Vintacrinus illustrate ojjposite

extremes. In Marsupites (iig. 565, pi. 7) the ealyx is of enormous size, with a large

central ]ilate and luige infrabasals. The arms are verj^ short and light, of exactly

the same structure as those of the recent comatulids. Thus m Marsupites we find

the most primitive calyx known of the post-palieozoic type (in which the intcrradials

and subradials are absent), a mass of tliin subequal plates arranged in perfect

pentamerous symmetry and completely enclosing a globular body. The essential

difference between Marsupifts and Vintacrinus lies in the enormously elongated arms

of the latter. The straui of these enormous arms upon the plates of the calyx has

been met by the great reduction of the calyx plates and by the incorporation of

numerous additional ])lates, brachials and pinmdars, in the body wall where they

perform the functions of true calyx plates. The great duplication of sutures, and

consequently of strong ligaments, which form a close network all over the body of

Vintacrinus results in the formation of a strong framework from which the long

arms depend, in the same manner that the car or basket of a spherical balloon is

suspended from the gas bag.

The radials of the crinoids (figs. 2, p. 61, 3, p. 62, 126, p. 195, 128, p. 199, 144,

p. 207, and 145, p. 209) are typically the largest of the plates composing the calyx.

This does not indicate that thej^ are of prime phylogenetical significance, but arises

from causes quite within the phylum.

The interradial plates have become reduced from a long series in each inter-

radius to one in the posterior interradius, which may be followed by a dwarfed

series. The infrabasals and the basals have become very greatly reduced, so

much so that the former commonly, and the latter occasionally, having become

too small for individual occurrence, unite into two pairs, leaving only one in the

original condition of a simple single plate.

The reason for the progressive reduction and increasing compactness lies in

two developmental processes, (1) the progressive fLxity of attachment, resulting

in a lessened j)Ower of counteracting the effect of external forces bj' a swaying of

the column, and (2) a progressive increase in the length of the arms, necessitating

a firmer and more compact base. Both of these factors directly affect the radials.

Because of their i)osition as caly.x plates they are immediately affected by any

force which acts upon the other caly.x plates; and because of their function of

bearing the arms any extension or other growth of these brings upon them an added

strain which they must meet.

First of all they broaden and come into lateral contact, eliminating the inter-

radials and forming a closed ring very closch' united with the similar closed ring of

basals below them. This proves sufficient for species with comparativeh' small,

short arms (see figs. 144, p. 207, and 145, p. 209) ; but longer arms induce a vertical

enlargement, givuig longer apposed sides, and an inward extension, giving much
broader apposed sides, accompanied by an increased recumbency wherelw the

basals, also recumbent, become attached to more or less of their dorsal or outer

surface instead of to their proximal edge (see figs. 126, p. 195, and 128, p. 199).
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Fig. 113.
Fig. 114.

T^, = 111_114 in lATERAL ^TEW OF .1 SPECIMEN OF TlIAUMATOCRINCS JfNGZRSEM FROM ICEL.VN1., .OIIOWNG THE

^°tJ ""-T^lRrror "ll ARMS. PIXNULES, CEKTROOORS... A«0 CIRRI. lU. DoR.A. VIEW OF THE CENTRA.
RELATIVE PROPORTIONS OF THE ARMS,
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PORTION OF A SPECIMEN OF TUAUMATOCRINUS NARESI FROM THE EA^T INDIE.s.
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Thus the radials, originally only the basal plates of the arms, gradually become

incorporated into the calyx and, increasing at the expense of the other plates, finally

become ])racticnlly the whole calyx in themselves.

In certain crinoids, as in the comatulids and in the pentacrinites, the calyx has

become so reduced that it serves merely as a jilatform upon which the central part

of the visceral mass rests, this being chiefly suj)portcd by the arm bases. (Compare

fig. 145, p. 209, with 85, p. 139, 89, p. 147, 92, p. 151, 113, p. 181, and 119, p. 185; see

fig. 74, p. 127). In these forms there is no differentiation of the anal intcrradius or

of the right posterior ray so far as the calyx is concerned, though the anal area on

the disk is always eidarged, sometimes, as in certain comastcrids, occupying prac-

tically its entire surface. The calyx plates, here reduced to a small platform sup-

porting merely the central portion of the almost completely exposed ^-isce^al mass,

are no longer subject to any stress from the pressure exerted by the constant

movements of the distal end of the digestive tube, these being compensated, as in

the holothurians, by the pliant body wall; and therefore those in and to the right

of the posterior interradius, obeying the reductive influence whicli, as a result of

the radial symmetry, is exactly equal in all the radii, are reduced to exactly the

same degree as are all the others.

It has already been remarked that in a radially symmetrical animal divided

by lines of weakness the body would naturall}' be expected to consist of an uneven

number of segments so that none of the lines of weakness will pass directly through

the animal in the same plane. The number five represents the optimum number of

divisions for such an animal. It was probably the coincidence of this number
with the five segments usually incorporated in the crustacean thorax which originally

permitted the formation of the ecliinoderms from the primitive crustacean ancestors.

I have noticed that in the dead and shghtly shrunken embryos of a species

of salamander {Amblystoma j)unctatum) which came under my observation the body

wall on the convex (unpigmented) side was cracked, and that the cracks were more

or less regularly arranged, so that there were formed one subpentagonal central

area surrounded by five subequal similar areas, the general appearance bemg the

same as that of Marsupitis viewed dorsally. This could have been nothing but

the result of mechanical processes.

In a spicule forming skeleton like that of the echinoderms mechanical con-

siderations will sometuncs produce radical changes in the shape and arrangement

of the plates even after they have become, through long existence as phylogenetic

entities, of ))rlmar\' importance, and may result in their more or less permanent

disuitcgration in certaiji groups or sections of groups, so that they may never

appear in the ontogeny or in the perfect animal except as a mass of smaller plates

or of scattered spicules.

Such conditions obtam in those crinoids which possess three instead of the

more common five basals or infrabasals; these three basals or infrabasals are col-

lectively the equivalent of the usual five; but, except in particular cases, 'we are not

justified in saymg or assinning that any one of these three is the exact equivalent

of any one or two of the pentamerous series.



MONOGRAPH OF THE EXISTING CBINOIDS. 183

Earliest ainoids.

The study of the true significance of the various structures possessed by the

recent conoids necessitated a similar study of the same structures in many fossil

Fig. 115.
Fig. 116.

Fio. IIT.

Fig. lis.
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types, and the further this study progressed the more it was inipressed upon me

Zt he pala^ontological succession of crinoid tj-pes is not at all to be trusted m

matters o^f crinoid ^hylogeny, except possibly on the basis of broad averages.
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Phylogeuotic facts must be acquired throu{i;h the study of the comparative

anatomy of the group, combined witli the study of the embryology and later

development; later they may be tested in the light of the palirontological record

if one so desires.

In every group of animals we must be very careful how we apply the data

gain<>d from the ])aIs6ontological record, and in no group is this care more necessary

than in the crinoids.

The earliest crinoids present many characters which are highly speciaUzcd,

and in general this specialization is al(»ng quite different lines from the specialization

in recent forms. Upon careful analysis they reduce themselves to a basic typo

characterized bv (1) a urdform cylindrical column of continuous growth; (2) a very

large calvx with an enlarged and asjnnmetrical anal area, including one or more

extra plates, and with a subradial plate beneath the right posterior radial; and

(3) short biserial arms. The post-palseozoic crinoids, excepting the Encrinidaj, upon

careful analysis reduce themselves to a basic type characterized by (1) a column

possessuig a defmite limit of growth and terminated proximally by a specialized

columnal with more or less of the character of a calyx plate; (2) a greatly reduced

and ])erfectly symmetrical calyx with no additional plates in the anal area and no

subradials; and (3) very long uniserial arms. In all throo of these characters the

earlier crinoids are much more primitive than the later.

The phylogenetic history of the crinoids, in agreement with the palaeontological

record and with the ontogeny, indicates that there has been a progressive and

rapid decrease in the size of the visceral mass, correlated with a proportionate

increase in the size and length of the arms. This reduction in the size of the vis-

ceral mass, and of the calyx plates, resulted in the eventual elimmation from the

caljTC of the subradials and of the interradials, leaving it composed only of the

infrabasals, basals and radials, wliile in the phylogenetically most advanced tj'pes

even the infrabasals, and in some extreme cases the basals also, have become meta-

morphosed or disappeared, so that the calyx is composed of radials only.

We can not reconstruct the ancestral crinoid type from what we actually find

in the palaeozoic rocks, for every palaeozoic form is specialized in at least a minority

of its characters. For instance, in certain forms, in other ways possessing a com-

paratively liigh degree of specialization, the visceral mass has retained more or less

its j)rimitive large size, so that we fuul the radianal (the right posterior subradial)

repeated under one or more, sometinaes under all, of the other radials, as in For-

hesiocrinua; while among the jjalaeozoic forms the majoritj' possess a very primitive

type of column though there are several noteworthy exceptions, as for instance,

Platycrinus (fig. 516, pi. 1); many possess the primitive biserial type of arm, and a

few possess a \cvy primitive type of calyx usually, however, combined with a

specialized tj^ie of arm.

We must therefore reach our conclusions by a careful process of deduction,

and the result, arrived at through a critical study of the data presented by the

palaeozoic and later species, and especially by a study of th(> development and

morphology of the recent types, gives us an organism which, though closely ap-
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preached by certain palseozoic species, differs from them in many details of general

structure.

Very possibly the most primitive type of crinoid existed in the palaeozoic

along with the types which have come down to us as fossils in the rocks; but, as the

remarkable density of the crinoid skeleton is a feature developed within und char-

FiQ. 119.—Lateral view of a sPECtsiEN of Pentametrocrinvs varians from soutuern Japan, siiotdjo

THE relative proportions of the arms, pinnules, centrodoksal, and cirri.

acteristic of the group, they were undoubtedly small and delicate creatures with

a very poor chance for pros(>rvation.

Exactly the same was tlie case with the primitive birds. They were im-

doubtedly, judging from all the evidence at hand, small and arboreal, not large

and terrestrial, and therefore stood almost no chance of ever being preserved.

79146°—Bull. 82—15 13
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Blmtoids.

In the blastoids we find the entire body enclosed within a capsule formed by

plates all of wliicli are comparable to plates arising in the dorsal body wall of the

crLnoids. The radials of the blastoids grow forward on either side so that the

ambulacrals are developed within a furrow formed between their two branches. No
perisomic surface is exposed.

'WliUc in the blastoids the development of the visceral mass and of the external

skeleton is equally balanced so that the latter always completely encloses the former,

in the crinoids quite different conditions obtain. At first the development is

similar; but in the crinoids the development of the calyx plates is abruptly arrested

wliile the visceral mass continues its growth.

It is necessary for the ambulacral jilates, represented by the tliird and follow-

ing brachials in the crinoids, always to maintain the same relationship with the

ventral ambulacral structures. In the blastoids the ambulacrals grow over and

cover in the ventral ambulacral structures, new plates bemg continually formed

near the ventral apex. In the crinoids they are turned outward and form a support

over the ventral surface of winch the ambulacral structures nm.
But in the crinoids the \-isceral mass grows so fast that the ambulacral plates

or brachials, necessarily permanently attached to the edge of the ventral disk,

become widely separated from the radials by an area of naked perisome. This

naked perisome, belonging to the primardj^ skeleton formmg dorsal surface, sup-

ports calcareous plates which form coimecting bands between the radials and the

proximal ambulacrals.

The presence of tliis series of plates intermediate in character and in position

between the radials and the ambulacrals (wliich eventually come to form the division

series and first two brachials) and the turning outward of the latter are the essential

differences between the blastoids and the crinoids.

In the urchins the external portion of the test is formed entirely by the small

apical system and plates comparable to the division series and first two brachials

of the crinoids, with the I'adials represented as 10 ambulacral plates around the

peristome. True ambulacrals, comparable to the ambulacrals of the blastoids and

to the arm ossicles of the crinoids from the third brachial outward, are represented

by the auricles and by the complicated dental pyramids, while the so-called ambu-

lacrals are not true ambulacrals at all, but are plates develo])e.d in the intermediate

perisomic area between the plates of the apical system and the base of the true

ambulacrals, which correspond to the plates proximal to the radials in the crinoids.

It is because of the fact that the so called ambulacrals of the urcliins are not

true ambulacrals of the type seen in the blastoids at all, but merely pseudo-ambu-

lacrals developed originally as space fillers, that in many tyi")es they are multi-

columnar. True ambulacrals are from the very nature of their origin invariable

biserial or secondarily monoserial.

The blastoids are essentially imperfect, or, more properly s])eaking, too ])ei'fect

crinoids, and in a sense they are remotely intermediate between the crinoids and

the echinoids. They possess the characteristic structures of crinoids, yet their
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plates form a solid capsule about the body which ia even more perfectly developed

than that about the body of the urchins.

They possess a crinoid-hke column; the base is composed of three j)lates

beyond which are five large plates, each with a narrow (becoming broader with

Fig. 120.—Lateral view of a specimen of PENTAMETBocBnros diouede^ from southwestern Japan, showino the

RELATIVE proportions OF THE ARMS, PINNULES, CENTUOllORSAL, AND CIRRI.

increasing specialization) cleft down the center occupied by a double row of small

plates; in the five interambulacral areas about the mouth arc five angular jjlatcs

of moderate size.

The three large apical plates correspond to the five basals of the crinoids, and

to the five genitals of the urchins; infrabasals and oculars are not represented.
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The large "forked plates" correspond to the radials of tlic crinoids (including

the axilhirics, wliich niorjihologically are redui)licated radials), and to the 10

so-called ambulacrals wliich are the iirst to be formed in the echinoids.

The plates mthin the central furrows of the forked plates correspond to the

bracliials of the crinoids (except the first two), and to the auricles and plates of the

dental pyramids of the urchins.

The five jilates about the ventral apex correspond to the orals of the crinoids and

have no counterparts in the urcMns.

The blastoids resemble the oclunoids in having the ambulacral structures

drawn out into five long narrow hnes extending toward the apical pole and covered

by a double row of similar small jilates, which, however, are not in any way homol-

ogous with the ])lates of the echinoids wluch occur in the same situation.

In very small specimens the forked plates scarcely differ in shape from the

tji^ical crmoid radials, there being merely a sUght concavity in the distal border.

The (central portion of the plate ceases to extend itself ventraUy, but the sides become
enormously ])roduced, inclosing the ambulacrals as they are formed.

The forked ])late represents the crmoid radial and the entire series of so-called

ambulacrals of tlie ccliinoid. The first two am])ulacrals formed in the conca%'ity

on its distal edge, lying side by side, are therefore identical in position ^vith the

auiicles of the echinoids, and form a circlet of 10 plates arranged in pairs just

beyond the radials (or ambulacral series). Instead of being wholly internal like

the auricles, or of extending themselves outward and away from the body hke the

crinioid brachials, these plates lie in the body wall flush with the forked plates, just

as do the entirely different echinoid ambulacrals.

In the echinoids the radial processes from the various circumoral systems are

more or less attached to the distal portion of the ocular plates; with the growth of

the test these radial ambulacral processes become drawn out, and are continually

being covered, as necessity requires, by a continuous formation of new plates at the

distal border of the oculare. The first two plates formed (comparable to the forked

])late of the blastoids and to the radial of the crinoids) always maintain their original

position on the edge of the peristome, with the circlet of auricles and dependent

plates just within them.

In the blastoids the ocular plates are absent, and the radial processes from
the various circumoral systems are attached to the distal portion of the radial

plate instead. But this amounts to the same thing, for in both cases these proc-

esses are attached to the distal border of the first radially situated plate. As the

animal grows the ambulacral processes are drawn backward down the sides

exactly as in the echinoids.

The forked plate represents the entire ambulacral series of the echinoids, and
the radials, including the axiUaries, of the crinoids; on its distal border are two
little jjlates similar to the auricles of the echinoids. Now the auricles of the

eclunoids may be elongated by the addition of new plates to theii- distal (ventral)

ends; sinularly in the blastoids the small plates within the concavity of the distal

border of the radials, on drawing away from the ventral apex of the animal, con-
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tinuously add new plates to the scries between the ventral apex and the plates

already formed.

In the crinoids exactly the same formation of now plates occurs: hut there

is no drawing down of the radial ambulacral processes toward the dorsal pole;

hence those plates turn outward and as they form give rise to long arms, at first

biserial and later becoming uniserial, bearing the ambulacral processes on their

ventral surface.

Fig. 121.—Lateral view of a specimek of Peniametrocrinus tcbercclatis from southern Japan, showino the

relative proportions of tue arms, rinnules, centropoi^al, and cirri.

Nervous system.

In the nervous system of the arthropods there is always a certain amount of

fusion of ganglia, which becomes more marketl in the more sjjecialized types; in

the crabs the ventral chain is represented by a lobed ganglionic mass in the thorax

connocted with a mere rudiment which corresponds to the abdominal portion of

the cord in tho more elongate decapods. In the deca|)ods the number of fully
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(loveloj)ed lobes in this lobod ganglionic mass is five on either side of the thorax,

each of the five corresponding to one of the large ambulatory appendages. In

the crmoids an identical lobod ganglionic mass occurs which also consists of five

lobes and represents one-half uf the lobod ganglionic mass in the decaj^ods.

In the primitive Crustacea there are two parallel nerve cords running along

the ventral surface of the body from the suboesophageal ganglion, which are con-

nected at intervals by transverse commissures. The five primary nerves in the

crinoids immediately upon leaving the central nerve mass divide into two which,

like the ventral nerves of the primitive Crustacea, are connected at intervals by

commissures. In the docephalized crinoitls each of the five primary nerves repre-

sents one of the five nerves leading to the ambulatory appendages in the decapods;

but the replacement of the anteroposterior elongation of the body as seen in the

Crustacea by an enormous (now radial) development of each of the five half

metameres of which the crinoid body is composed has been accompanied by the

projection upon each of the five nerve cords running to the five (half) metameric

divisions of more or less of the characteristics of the entire crustacean ventral

nerve cord.
Eye.

The eye in asteroids is a modified tentacle bearing numerous little cups lined

by sensitive and pigmented cells containing clear fluid and covered by cuticle;

the tentacle itself is a degenerate or very liighly specialized appendage which

originally corresponded to the metameric appendages of the crustaceans. The
replacement of an excised stalked crustacean eye by an antenna suggests that the

stalk of the crustacean eye may be in reality originally a metameric appendage;

if this be so the correspondence between the crustacean and asteroid eye is most

remarkable.
Sensory setae.

The sensory setae of the crustaceans are possibly represented by the sensory

setse on the tentacles of the crinoids.

Excretory organs.

Well-defined excretory organs homologous with the nephridia of the annelids

do not occur in the echinoderms; the excretory organs in the crustaceans are

localized and segregated, being represented as "green glands" behind the base of

each of the antennae.
Genital ducts.

In the crayfish {Astacus) the genital ducts open to the exterior through the

protopodite of the thoracic legs, of the last pair in the male, and of the second

ambulatory pair in the female; in the ochinoids they open through pores in the

genital plates which represent the protojjoditos of the thoracic legs in the crustaceans.

Ccelom.

In the crustaceans the true or primitive ccelom is always small in the adults,

and the apparant body cavity is of secondary origin, possessing in a great part a

blood carrying or vascular function. In the echinoderms the true or primitive

ccelom forms (1) the water vascular canals and (2) the true ccelom.
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Promachocrinus and Thaumatocrinus.

The calyx of the pentacrinoid larva of Promachocrinus is very robust, more so

than that of any other comatulid, and is characterized by pronouncedly convex

V^r 1- LATERAL VIEW OF A YOUNG SPECmEN Or PENTAMETROCBINUS, SP. FROM ICELAND. SHOWING THE RELAT.ONSH.rS OF

FIG.
'^-^'^'^^^IZoZsj^. BASA.^, RATALS, ASH ,STERRAD.A,^. AND THE PEK.SOM.C PLATE3 OF THE »,3K.

Sides and great breadth across the radials. This is probabb" due to a more than

usually rapid growth of the internal organs, intensified by a duninut.on in the rapid-

ity of the growth of the calyx plates resulting from the coldness of its habitat.
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At the time the uiternal organs begin to exhibit this excess of growth over the

external skeletal system the basals have more or less ceased develoj)iiig, and have

leaned so far outward that the mechanical stress of this excess growth falls entirely

upon the radials.

In the comatulids the radials are greatly reduced, and the gradual cessation of

their dcvelojimcnt begins not long after the same thing has commenced to become
evident m the basals. Thus in Pro-

machocrinus the radials arc unable,

through incipient cessation of develop-

ment, to grow laterally and to occupy

the vacant spaces left by the spreading

outward of the radial circlet as a result

of the excess of growth of the visceral

mass; but these spaces, exposing peri-

some belonging to the skeleton forming

dorsal body wall, become at once occu-

pied by narrow plates, which ra])idly

increase in width as the spreading apart

of the radials progresses.

The water vascular system is ]iri-

marily a ventral system; it is thus pre-

pared to send an extension at once into,

or to be drawn out with, any process

arising from the dorsoventral margin.

Along with the water tubes the am-

bulacral grooves and the subambulacral

nerves always take advantage of any

extension of the perisomic surface and

at once extend themselves over it.

Evidence of this is seen at all j)oints

where the arms branch.

It is therefore to be expected that

if the skeleton forming dorsal surface

of the animal gives rise to interradial

processes resembling the radial ]iroc-

esses, the ventral structures will make
exactly the same use of them that they

did originally of the radial processes.

It might be expected that the ambulacral systems would extend themselves

upon the ventral surface of the interradial arms by forming interradial buds, as

they do in the case of their radial extensions. But they do not d<> this. Dorsally

the five supernumerary radials and post-radial series of Promaclwcrinus and Thau-

matocrinus are truly interradial so far as the skeleton is concerned. \"entrally

each of the post-radial series derives its ambulacral structures not from the center

of the interradial portion of the cu'cumcesophageal structures opposite it, but from

Fio. 123.—Lateral view of a specimen of Ateleceihus
BUICATUS FROM TUE TniLIPPINE ISLANDS, SHOWING THE
GREATLY REDUCED BASALS, AND TUE FURROWS DELIMITING

THE RADIAL AREAS OF THE CENTRODOESAL.
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the large radial branches already existing leading to the radial post-radial- series

situated just to the left. The dorsal nerv(>s of the interradial radials and arms are

derived from the same sources.

Thus while the skeletal elements fornimg the interradial radials and- arms in

Thaunwtocrinus and Promachocrinus arc truly interradial from the very first, all

the other elements in theu- composition are derived by a branching of the elements

leading to the radial radials and arms to their left. It follows, therefore, that the mter-

radial^adials and arms of these two genera are primarily twhmed reduplications

of the equivalent radial series to the left, and must be regarded as havmg exactly

the same relationship with the radial series to their left as the two arms of each arm

pair in Antedon have with each other, each of the five infrabasals of Promachocrinus

(and presumably also of Thaumatocnnus) standing in exactly the same relationship

Fia. 124.
Fia. 125

FIGS 124-125 -124 LATERAL VIEW OF THE PEOXIMAI. PORTION OF A SPECIMEN OP ATELECRINUS BALAN0IDE8 PBOM BABBA GRAOTE

ciBA SHO-i^G TI.E BASAI.S (APTER P. H. CARPESTER). 125, LATERAL VIEW OP A SPECIMEN OP ATELECR»fS ^T.U1

PROM Fiji, showing the greatly reduced basals (after P. H. Carpenter).

with the paired ambulacral series as the five axiUarics do to the ten arms of Antedon,

though not, on account of mechanical considerations, quite comparable m relative

^°^^
This gives us another reason for regardmg the infrabasals as the true starting

point of the radial series in the crinoids, and for regarding the radials as qmte com-

parable to axiUaries. The radial pah's of Promachocrinus and of Thaumatocrmus

(the primarv radials and the interradial radials to their right) should probably

each be regarded as the equivalent of an axillary which is unable to appear as an

axillarv for the reason that the radials are closely crowded into a closed rmg. and the

separation of the following series necessitated by the formation of an axillary at

anv point is here rendered impossible.
, , , , , ,:j„

Thus Promachocrinus and Thaumatocrinus may be described as comatuhds

with five doubled radial series, in which the skeleton of the five later series arises
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interradially, but the other systems of these series are derived by a division of the

five original series.

CALCAREOUS STRUCTURES.

Skeleton as a whole.

For convonience the crinoid skoloton is treated under thrin^ separate heads, as

follows

:

(1) The primary or appendicular skeleton.—This is frequently referred to

merely as the Skeleton; under this heading are included the calyx plates (with

the column), the orals, and the articulated series of ossicles which form the supports

of the cirri, arms and pinnules.

Among the recent cruioids these ossicles (usually, however, excepting the

orals) have always been considered as forming a convenient unit. P. H. Carpenter

was accustomed to refer to them as composing the Radial skeleton, and he defined

this radial skeleton as consisting of "successive joints and rods which are developed

in a longitudinal direction, and are united to one another by articulation or suture."

The imiformity of structure throughout this skeletal system was thus attested by
W. B. Carpenter: "The component pieces of which the skeleton of Antedon is made

up, ahke in its adult condition and in every previous phase of its existence, present a

remarkable accordance with each other in elementarj^ structure, consistmg through-

out of that calcareous reticidation—formed b}^ the calcification of an animal basis

that seems nothmg else than non-difTerentiated sarcode—which I have shown to be

the essential constituent of the skeleton in every type of the class Echinoderma.

The character of this reticulation is best seen either in very thm sections of any

part of the skeleton, or m that curiously inflected cribriform lamina which I have

termed the rosette. This is the only part of the skeleton of the adult Antedon in

which the reticulation lies all m one plane ; but * * * even its most solid por-

tions * * * make their fij-st appearance in the same form of crib iform lamcllte

;

and whilst these lamellae increase in superficial dimensions by the extension of the

reticulation from their margins, they are augmented in thickness also by an exten-

sion of the reticulation from their mner surfaces mto the animal basis m which

they are embedded. When a portion of the skeleton, either from a fresh or from
a spirit specimen, is subjected to the action of dilute nitric or hydrochloric acid,

by which the calcareous network is dissolved away, a continuous film of pellucid

sarcodic substance is left, presenting no other trace of structure than in being

studded at regular intervals with minute granular spots."

In the yoimg of certain comatuhtls, as, for instance, in the young of Thaumato-

crinus (figs. 115-118, p. 183), the disk becomes invested with a pavement of large

plates, wliich become resorbed and disappear before or shortly after the loss of the

larval colunm. These plates are entirely different from the secondary perisomic

plates wliich are developed at a much later stage, and represent the condition from
wliich the enormously speciahzed dome of the Camerata was developed. These
should be regarded as primary j)lates, though not always occ«urring in the j'oung;

if present at all they appear and disappear again in a very short space of time.
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(2) The secondary or perisomic skeleton.—This consists of the side and covering

plates, the plates of the disk (excepting the orals), and of the bracliial ])erisome,

and the numerous minute plates and spicules mostly lying toward tlie inner side

of the soft integument, orchnarily more or less iso-

lated, but sometimes sUghtly connected by strands

of connective tissue.

The perisomic plates of the so-called secondary

series differ from the primary plates, among oth(>r

ways, in possessmg great variability, or exliibitiiig au

absence of fixity, in their sliape and in the method
and mamier of their occurrence; in other words, they

are directly dependent upon local mechanical condi-

tions, while the phylogenetically significant primary

plates, origmaUy just as dependent upon local me-
chanical conditions, have, through long existence as

integral units, attained a distinct entity of their own,

which is to a certam degree dominant over the me-

chanics of their immediate surroundings.

Among the recent crinoids the interradials (and

the racUanal) are, through degeneration, somewhat

intermediate in character between this series and the

one preceding; the well-developed plates on thechsks

of the young of the various comasterids and of TJiau-

matocrinus wliich are resorbed before the adult contli-

tion is attained, also show in many ways an approach

to the secondary type of plate.

There has usually been made a considerable

difference between primary and secondary plates,

but in reality no definite line of differentiation

exists; both types grade into each other, and the

primary plates are only a small phylogenctic step

in advance of those of the perisomic series though,

it must be confessed, in most cases distinct enough

in the adults of the recent forms.

The more important plates of the secondarv

series from a systematic standpoint are the side and

covering plates, the jilatcs developed on the ventral

surface of the disk, and the plates developed on the

sides of the disk between the postradial series.

(3) The visceral skeleton.—This term is used to

denote the numerous spicules and networks of hme-

stone which, as described by P. H. Carpenter and

others, occur more or less plentifully in the bands of

connective tissue that travei-se the visceral nuiss

and in the walls of the digestive canal; these spicules grade insensibly into the

perisomic type, so that in effect the visceral skeleton is merely that i)art of the

perisomic skeleton wliich is developed within the boily.

FlO. ia>.—LATEK.U. \1EW or THE CKOVTH

AND rnOXUIAL COLUMNALS or A SPECIMEK

OF TEUOCBINC3 SPRIXGEKI FROM TBE
LACCAOn'E TSL.V!n)S, SHOVnjJQ THE RE-

LATIONSHIPS OF THE BA9ALS, RADL\L3,

AKD ARSIS.
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Systematically the primary skeleton is of by far tlie greatest importance; the

scconchuy skeleton in certain cases is of very great importance, thougli usuall}^ it

is negligible, except for the fact of its non-development; the visceral skeleton has

never been employed for systematic })iirposes, but much more study is neetlcd

before we can say that it i)resents no characters of value.

The crinoidal skeleton is formed by a calcareous deposit about or within cer-

tain tissues or organs without any material change in the latter, and calcareous

deposits are found to a greater or lesser degree throughout tlie organization of tlie

animals wherever their presence would not be detrimental to the general welfare.

The walls of the digestive tube, the mesenteries, and the entire ventral body cover-

ing are all more or less calcified, in addition to the large and definite plates included

in the cirri, calyx, stem, arms and pinnules.

This is strikingly illustrateil in spccinaens of recent species where no lime has

been deposited in the pinnides or m the distal part of the arm (see fig. 75, p. 128);

such individuals appear perfectly able to perform their natural functions, though

their appendages are but vaguely divided into segments, and are superficially only

comparable to the tentacles of jelly-fish.

As is well stated by Carpenter, the component pieces of the crinoid skeleton

consist of a calcareous reticulation formed by the calcification of an organic proto-

plasmic basis in which numerous nuclei and pigment granules are embeckled. This

nuclear tissue is in the form of a network around the meshes of which the calcareous

material is deposited. The character of the calcareous reticulation varies greatly

in different parts of the animal, being much closer at tlie synostoses and at the

syzygies and at the articular surfaces than in the interior of the segments. This is

at once evident on examination of a longitudinal section of an arm, pinnule or cirrus,

the central portion being more or less translucent and the ends chalky white. In

many forms tlie closeness of the calcareous reticulation at the distal ends of the

segments results in the more or less complete ehmination of pigment from the

immechate vicinity of the articulations, so that they stand out white against a dark

background and give a banded appearance to the arms, pinnules or cirri. This

dense end deposit in the various articulating segments, induced by mechanical con-

siderations incident to the exigencies of oscillating motion, does not form a layer

of uniform thickness as might be expected, but it takes the form of a cj^lindrical

lens the axis of which is parallel to the fiilcral ridge of the joint face adjacent,

beneath wliich the gi-eatest thickness hes. The fulcral ridges themselves are more
dense than any other part of the joint surface, especially the sunynit, wliich usually

stands out prominently as a Antreous lino along an opaque chalky ridge. In tlie

case of synostoses, or of other unions which allow of no speciaUzcd motion, the

denser layers of the neighboring segments are of uniform thickness and no areas

of maximum density occur. Here also the difference between the periphery and
the center of the ossicles is usually not so marked, the structure being much more
uniform than in the segments between which directive motion takes place.

In the fully developed Antedon bifida W. B. Carpenter found that the sarcodic

base substance of the brachials forms a mere shell, scarcely any trace of it being
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discoverable in the interspace system of the central part of the calcareous reticu-

lation.

There is among the crinoiils, as in other animals, a pronounced lack of corre-

lation in the comparative development of the several organs and structures, and
also in the cessation of development consequent on incipient senescence. Tiie most

strikiag presentment of this is in regard to the skeletal system. In the early post-

FlO. 127.—I'PPEB MIDDLE PORTION OF THE COLDMN OT A SPEnMEN OF TEMOCKBtlS SPRISGERt FROM THE 'WEST COAST OF

India, .showinq the cirri arranged in regular -ftnioRLS on the nodals, which are separated by a constant

NUMBER OF INTERNODALS.

larval stages this shows a very considerable advance over the other body elements

;

but it never attains a fixed maturity. All tlirougli tlie life of tlie anunal it continues

to develop by accretion and by resorption, and tlie arms, except in rare cases, con-

tinue to add termmal segments until deatli occurs. After tlic adult stage is reached,

however, change takes place very slowly, and at a constantly <luninisiung rate. It

is mainly evidenced by an increase in the size and in tiie solidnrity of the compo-

nent elements, which gives old animals a peculiarly robust and rugged appearance.
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The addition of brachials distally after maturity is so slow that the general pro-

portions of the arm longtli to the other dimensions is not appreciably altered.

For purposes of description a crmoid may be conveniently considered as made

up of calcareous ossicles and "soft parts." To be exact, a crinoid should be consid-

ered as having no "hard parts," for the inorgaiiic elements are not deposited in a

specially differentiated and localized matrLx, but make their appearance anywliere.

It is not always easy to decide whether certain organs should be included under the

head of calcareous or of noncalcarcous components of the crinoid whole. Such

organs I have associated with others of an equivalent sj'stematic value rather than

with those of similar morphological significance.

In a very large 10-armed comatulid in whicli side and covering plates are

developed there are visible externally about 600,000 distinct skeletal elements,

each of which arises from a separate center of ossification; of these about 87,000

belong to the primary and about 513,000 to the secondary or perisomic skeletal

series. In a large comasterid with no side and covering plates developed there may
be as many as 700,000 primary skeletal elements visible, while in the very small

antedonids the number probably never falls below 10,000. The greatest of these

figures is insignificant, however, when compared with the number of ossicles in the

larger pentacrinites where, in the recent species, nearly 2^ millions are found.

These figures, large as they are, must be approximately doubled when the internal

skeleton is taken into consideration.

Column.

Except for the short period during which the animals are free-swimming cili-

ated bilaterally symmetrical larvse, the young of all recent comatulids so far as

known are, until a considerable size is reached, attached to the sea floor or to other

organisms by a slender colunm of essentially the same type as that found in the

species of the family Bourgueticrinidas (figs. 532, 533, pi. 3, and 543, pi. 4).

This column varies very greatly in its proportionate length and in the relative

proportions and number of its component segnaents, as wiU be explained in detail

in the section dealing with the Pentacrmoid Larvae.

The column of the crmoids as a whole is the equivalent, collectively as well as

in each individual segment, of the central or suranal plate of the echiuoids in which

such a plate is developed (fig. 71, p. 127), and of all the small plates of the peri-

proctal area taken together in the echinoids in which no central or suranal plate

occurs (fig. 72, p. 127); speakmg more broadly the crinoid column is the equivalent

of a crustacean cephalothoracic appendage, or a group of five such appendages.

The central or suranal plate of the echinoids is not, like the plates of the coronal

ring, an element of fundamental phylogenetical significance; but it represents the

resultant from the coalition of numerous small plates and spicules of the periproctal

area, a coalition which has taken place within the class at a comparatively late

phylogenctic stage and docs not occur in the earlier forms.

The central plate of the echinoids within that group is purely a secondary

plate, confined to the later and more specialized types, in which it is of somewhat
irregular occurrence and of equally irregular morphological value.
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The ancestral criiioid was developmentally and phylogenetically parallel to

such of the later ochiiioids as possess a well-developed central plate, as well as com-

pound anibiilacrals and well developed auricles.

The inversion of the crinoid as compared with the echinoid brought the central

plate into contact with the sea floor and, the central plate being a secondary peri-

somic structure, and therefore an inert calcareous element of great potential varia-

bility the shape and thickness of which are in no way confined within narrow

limits by ])hysiological, mechanical or phylogenetic limitations, it became attached

to the sea floor by a simple increase in thickness.

The facility with which organisms with calcareous skeletons belonging to

normally free groups become attached is well illustrated in many diverse moUuscan
families, among the barnacles, the foraminifera, and numerous other classes of

animals, all of which furnish cases strictly parallel to what we find in the crinoida

among the echinoderms.

Attached by the central plate, our theoretical ancestal crinoid has two possible

courses to follow: (1) It may increase the area of its attached base, or (2) it may
increase its thickness, thus forming a column.

Among the recent forms the first possibility is realized through reversion in the

young of IIolopus as figured by Mr. jVlexander Agassiz (fig. 514, pi. 1) ; the base has

spread out enormously so that the animal presents a striking similarity to certain

low species of sessile barnacles, the ten arms being countersunk, as it were, in a

depression at the apex of a broad low truncated cone. The second possibility is

exemplified among recent forms by the adult Holopus (fig. 517, pi. 1); the base,

instead of further spreading out, gradually becomes thickened, so that the animal

is raised up for a considerable distance on a thick stalk.

The attachment of IIolopus, incidentally, is singularly suggestive in reference

to the question of the phylogeny of the crinoids, and therefore of the echinoileims in

general. All the evidence—anatomical, structural, and embrj^ological—points to

their having derived from a generalized phyllopod crustacean ancestor tlirough the

barnacles, just beyond which they find their logical position. In the young IIolopus

we find du])licated the attachment characteristic of the sessile barnacles, while in

the adult we find the typical attachment of the stalked barnacles.

Now a rigid calcareous stalk like that of IIolopus is lunited m its availability

for elongation; if it should grow to more than three or four times as long as the

minunum diameter, it would rapidly become exceedingly brittle and liable to fracture

by the contact of the animal with other organisms, or even from the effect of wave
motion.

There are, again, two possible lines of development: (1) Th(^ animal ma}' break

off and thus secondarily become free, or (2) the column may break in so far as the

calcareous substance is concerned, yet remam in continuity through the organic

base, thus developing an articulation which would admit of a verj' consider al)le

additional elongation—at least double that permitted by the original column.

Such a fracture of the column must not be regarded as an actual phj-sical

fracture, but as a morphological fracture induced during the development of the
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rigid column, anil not accomplished after the calcareous deposition has been com-

pleted and the rigid character attained.

No recent crinoids are known in which the first Imo of development obtains;

but it is well illustrated by the fossil genus Ednocnnus. No crinoids are known

in which the column is composed simply of two columnals, as would be the case in

the first stage in the second line of development. But suppose we carry- this line

further; we have a cruioid attached bj- a column iii which an articulation has been

developed in the center; such an articulation would of necessity develop a fulcral

ridge running across the joint faces and embracing the central canal, admittmg of

motion in a single plane, coinciding with that in which the original stimulus deter-

mining the fracture was received. Stem growth would continue; but as new
deposition occurs only just under the calyx, only the proximal columnal would

increase in length. Soon the proximal columnal would become so long as to become

brittle, as did the original stem, and fracture would again occur midway between

the first articulation and the calyx. Now, this fracture would almost certainly

differ from the original fracture in bemg formed at right angles to it, for any force

exerted in the same plane as that which caused the original fracture would be taken

up by the articulation which has formed; but, owing to the definite direction of,

and the close union along, the fulcral ridge, any force coming parallel to the fulcral

ridge—that is, at right angles to the original force—would meet with resistance, as

for a force exerted in this direction the original articulation would be practically

nonexistent, and a second fracture would occur in the weakest spot; namely, half

way between the original articulation and the calyx, developing into a second

articulation m which the fulcral ridge would run at right angles to the direction

taken by that of the first. A still further mcrease in stem length would mean a

progressive increase in the number of articulations, each of which would, in the

direction taken by its fulcral ridge, alternate ^vith those on either side; antl thus

would eventually be formed the primitive pol3^columnar crinoid stem, a stem

exactly comparable to the stem of Rhizocrinus (figs. 135, 137, p. 205), Bathycrinus

(fig. 527, pi. 2), and the young of the comatulids (figs. 407, p. 317, 532, 533, pi. 3).

iUthough the origin of the polycolumnar crinoid stem appears undoubted!}' to

to have been from a single original calyx plate, a centrale corresponding to the

centrale in Marsupites (fig. 565, pi. 7) or in TJintacrinus (fig. 572, pi. 7) and to the

central plate of certain echmoids, it does not necessarily follow that the redupli-

cation of the columnals was the result of a series of actual morphological fractures

as just described.

This is the most obvious explanation, and tlie one wliicli may be most readily

grasped; at the same time, through explaining the development of the alternating

fulcral ridges, it indicates with a reasonable degree of accuracy the method by which

the rapidly deveU)j)ing columns of the later fossil and of the recent types, as opposed

to the slowly developing columns of the palaeozoic forms, have come into existence.

The primitive type of column, occurring in the palseozoic species almost

exclusivel}-, but persisting in the recent Plicatocrinidae, is cliaracterized by short

cylindrical columnals which have the articular faces marked with radiating

ridges. The explanation of the origin of this type of column is somewhat
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more complicated tlum the roiigli ami general sketch just presented might lead

one to suppose; but it has certain ontogenetical and phylogenetical facts in its favor,

and does not involve the formation of two separate plates by simple post-larval

division of a primitive single plate—a process the existence of wliich is as yet un-

proven among the echinoderms.

A crinoid attached by the adlierencc of the central plate to some solid object

upon the sea floor would be subjected to a certain amount of strain from wave
motion, or from the unequal movements of its own arms, as Well as from the pas-

sage of other organisms. This strain would be felt along the suture coimecting

this central plate with the basals (or the infrabasals), and along the interbasal

sutures. There are two ways of meeting this condition: (1) the basals (or the in-

frabasals or both) may become more upright and more nearly parallel \vith each

other and fuse solidly with the central plate (now become a thick stalk); this has

occurred in Holopus; (2) a second central plate, exactly similar to the original

one, may be formed witliin—that is, ventral to—it, leaving a hgamentous articula-

tion between them by which the strain is taken up, and this process maj' be con-

tinued indefinitely until a long articulated stalk is formed.

A column formed by this process would of necessity be composed of very

numerous and very short colunmals, for the columnals would be attached to each

other not by true articulations but by loose sutures; the amount of possible accom-

modation at a loose suture is f«vr less than that at a true articulation, in which an

articular fulcral ridge is developed and the ligament fibers have become segre-

gated into two bundles one on either side of it, and therefore many such loose su-

tures must be developed in a given length of column to do the work of a single

articulation.

This explanation derives the crinoid stem from the original central plate equally

well wth the first, whUe at the same time it indicates the formation of the col-

umnals from their firet inception by a continuous t\nnning or redupUcative process,

each columnal being formed by an original ossification of the same tj^je and in the

same place, thus making each individual columnal, as well as the entire column,

the equivalent of a single calj^x plate—a state of affairs which, so far as we can

see, is probably very near the truth.

From what we know of the formation and development of the columnals in

the recent crmoids it would appear that they are derived from an apical calyx plate

after the phylogenetical formation and fixation of that plate, in other words,

after the perfection of the skeletal investment of the calj'x. Moreover it is only

by such a supposition that we are able to bring into phylogenetical agreement and

to reduce to a common and logical starting point such diverse apical conditions

as are found in Marsupites and Uiniacrinus, Eolopus, the pentacrinites and the

comatuhds.

But there is another possibiUty which, however remote, should not be over-

looked. The apical area of the cruioidal ancestor may have been merely a phable

integument fdled with prhnitive spicules and dissociated plates, as we see it in

the earUer and many of the later ecliinoids, the sum total of which is the equiva-

lent of the apical plate, later formed or assembletl. The animal may have become
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attached by this soft integument which then lengthened out into a slender stalk,

resembling the stalk of such forms as Boltenia, carrying with it, of course, the spi-

cular investment, the included calcareous deposits of whicli increased in number

and became segregated into definite ossicles. Such an origin for the column would

accord with what we know of the origin of the cirri and of the distal portion of

the pinnules.

This would make it clear at once how it is that the prolongations from the

chambered organ and the associated stractures became continued into the column;

but while there is evidence tliat something of the kind may have occurred in certain

of the older fossils, it does not seem to luive occurred in any of the recent types

nor in any of ihcir immediate fossil representatives.

The elongation of the apical jilate as presupposed in the two first alternatives

does not necessarily call for a uniform deposit of stereom all over its internal surface.

The chambered oi^an and the accessory structures probabl}' retained their original

relationship with its center and became drawn out into a complex axial cord as a

result of the deposit of stereom about the periphery; or the new columnals, formed

just \vitlun the apical plate, arose as rings (as the topmost colunuials do in all of

the recent forms) wliich grew inward until the distal portion of the elongated

chambered organ was reduced to a very small diameter.

As described above, these three possible origins of the column and of the indi-

vidual columnals would appear to be very different, but upon consideration it be-

comes evident that the difference is more in words than in fact. We are pro1)ably

nearest the truth if we consider that all three alternatives play a part in the for-

mation of the crinoid column, but place tlie greatest emphasis upon the second.

The columns of the later and recent crinoids in general difi'er from those of the

earUer forms in developing with much greater rapidity, though this is masked by
tlio fact that they possess also a definite growth limit at the attainment of wliich

further development ceases, such a growth^ hmit being unlcnowoi in the palaeozoic

types.

A series of loose sutures is mechanically available only for slowly growing

columns, in wliich the inch%adual columnals are very short. With increasing j)ro-

portionate length the loose sutures between the columnals gradually undergo a

chfl'erentiation; a fulcra! ridge develops, and the ligament fibers become segregated

into two large bundles, one on cither side of it.

It is by this process that a column formed according to the second hypothesis

becomes transformed into the type characteristic of the later fossil and the recent

crinoids.

There is a definite limit to the possibihties of further growth in a column com-
posed of long ossicles fastened end to end by alternating articulations consisting

of two ligament masses separated by a fulcral ridge. If the animal remains small

with a small hght crown, such a colunm may safely attain a length of 100 or more
columnals, but if the crown should become of large size and heavy, a stem of tliis

tyjjc would not be able to support it; tlie rajiidly increasing tendency to "buckle"
would limit the available length of a stem of this nature.
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There are four possible ways of escape from such a calamity: (1) The column

may be discarded; (2) the indivadual columnals may become greatly shortened,

the motion lost through the great diminution in tlie original bevchng at the articu-

lations being conipousated by the great!}' increased nund)cr of articulations in a

given section of stem; (3) the articulations may alter the direction of their fulcral

ridges so that, instead of each being at right angles to the preceding and succeeding,

they may each he at only a slight angle to the preceding (all diverging toward the

same side), thus mutually bracing each other and attaining a collective rigidity,

hke a pile of narrow boards built up spirally; or (4) the original fulcral ridge may
(hsintegrate, each half breaking up longitudinally and spreading out fan hke, the

two fan-like figures eventually uniting to form an articular surface composed of

numerous luiiform radiating hnes, each Une representing a narrow ridge, and the

joint face becoming circidar in outhne instead of narrowly elhptical.

The comatuUds fulfill the conditions of the first possibiUty; before the animal

is large enough to cause any danger of "buckling" the column is discarded at the

articulation between the topmost colunmal which remains unmodified, and the

centrodorsal. Phrynocrinus (fig. 2, p. 61) is the best recent example of the second

case, though all the larger species of the various genera of the Bourgueticrinidae,

as for instance of Democrinus (fig. 138, p. 205) exhibit the same feature in varying

degrees of perfection. The curious fossil Platycrinvs (fig. 516, pi. 1) typifies the

third. Among the recent forms Proisocrinus (fig. 128, p. 199) (probably also Car-

pentcrocrimis) , and possibly Ilyocrinvs, Tlialassocrinvs (fig. 145, p. 209) , Gephyro-

crinus,Ptilocrinus (fig. 144, p. 207), Calamocrinus, and the pentacrinites (see beyond),

(figs. 126, p. 195, and 127, p. 197) are instances of the fourth.

In the genera Ilyocrinus, Ptilocrinus, Calamocrinus, Gephyrocrinus and TTialas-

socrinus the column is attached by a sohd terminal stem plate, and the indi\-idual

columnals are cyhndrical with their circular articular faces marked with radiating

lines; the proportionate length of the columnals varies with the size of the animal,

the columnals being longest in the smallest species.

There is no evidence whatever that these columnals were derived through

colunuials of the bourgueticrinoid type, or that young intUviduals possess co-

lumnals in any way different from those of the adults.

There is no trace whatever of a proximale; in Calamocrinus, where the topmost

colunmal has been investigated with great care, it has been found to be a very tliin

quinquelobate structure, the quinquelobate form undoubtedly resulting from the

mechanical hmitations imposed upon it by its place of origin, just below the five

basals.

Wlule we know that this type of column may be derived through the bour-

gueticrinoid typo, as it is in the pentacrinites for instance, we are not justified in

assuming that in these genera it has undergone an}' such development. It is quite

possible, even almost probable, that we have here a case of the survival of the

typical palaeozoic column in a recent group.

The change from the type of cohnnn characteristic of the young of Antedon

to that characteristic of Phrynocrinus may be traced step by step in the family

Bourgueticrinidse, beginning with the httle 7?. lofotensis and ending \vith the
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gigantic Democrinus weberi, very near in stem structure, though vastly inferior in

size of cro\TO, to Phrynocrinus nudus, as well as in individual columns in the

species of Naumachocrinus (fig. 129, p. 201).

The transition from the primitive antedonid or bourgueticrinoid tj-pe of stem

to the curiously twisted column of Platycrinus may he easily followed in a good

series of the young of certain of the species of that genus, or even in single speci-

mens in which the young stem is preserved. Certain species of Platycrinus when
fully growii appear to lose the chstal portion of the colunm in just the same way as

the same thing occurs in the pentacrinites, though in Platycrinus the free existence

seems to be assumed somewhat later in hfe, and in many species is never assumed

at all.

I have observed the change from the Antedon-Uke young stem to the radiaU}'

arranged adult stem in Isocrinus and in related genera (fig. 143, p. 205), and have
noticed that in the largest species of BatJiycrinus the fulcral ridges of the articula-

tions broaden out on each side of the central canal, becoming more or less wedge-

shaped or triangular, and exliibiting a strong tendency to break up into radiating

ridges, the articulations thus approacliing the uniformly rachated type found in

such genera as Calamocnnus, Proisocrinus (fig. 525, pi. 1), PtUocnnus, Ilyocrinus,

Oephyrocrinus, and Thalassocrinus so closely as to leave no doubt as to the

possibility of their origin in tliis way.

It might be urged that the articular faces of the colunmals of the pentacrinites

and of the upper part of the stem in Proisocrinus and Carpenterocrinus, with their

petaloid markings, could not be placed in the same class with articulations hke tliose

of Calamocrinus, where the joint faces are uniformly marked with radiating lines;

but in these genera it is merely a case of the colunmals, primaiily with articular

faces bearing regular rachating lines, being molded or cast into petaloid sectors

by the under surface of the basals against wliich they he and against wliich they

are formed, these basals being in a curiously reduced condition, between the normal
type of basal as seen in Calamocrinus or in Ptilocrimis, and the atropliied and
metamorphosed condition seen in Antedon, though more closcl}- approacliing the

latter. In Proisocrinus, indeed, all types of cohmmals occur from those with

radiating ridges upon the joint faces, at the base of the stem, to those with petaloid

sectors, just under the cal3-x (fig. 128, p. 199).

In the pentacrinites and in certain species of Platycrinus the earliest part of

the column, as abeady explained, is just hke the stem of the young comatulid; this

never develops further, but is eventually discarded, much as the stem is discarded

in the comatulids. In Proisocrinus, however, the young stem is not discarded, but
develops along the hues mdicated m the large species of Bathycrinns and Rliisocrinus

until the Calamocrinus type is reached. Probabty when young Proisocrinus ])os-

sesses basals like those of Ptilocrinus or of Calamocrinus; in later hfe, however, the

basals gradually become dwarfed, or at least do not develop in ]>r()j)ortion to the

other calj'x elements, so that thoj' approach m character those of the ])entacrinite3,

and with this change m the basals the columnids also Ijegin to assume the pen-

tacrinito form.
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The most primitive type of coUimnal has about its center a raised band mark-

ing the position of the original aimuUis from which the rest of the columnal has

been built up. This band, however, is only preserved m comparatively rare

instances, and usually only m the columns of small and deUcate forms, such as
^

Ehizocrinus lofotensis (fig. 135, p. 205).

The prunitive form of the termuial stem plate is a ch-cular disk (fig. 532, pi. 3),

and this is the form first taken in all young pentacrinoids. In some pentacrinoids,

and m a few of the stalked species, this form is maintaino.l with little or no varia-

tion, but m many pontacrmoids the originally circular disk grows not by a uniform

extension of its enthe border, but by more or less definitely locaHzed additions of

calcareous matter, so that it becomes lobate or, m extreme cases, sharply digiti-

form (figs. 533-540, pi. 3).

The terminal stem plate in Promachocrinus is strongly lobate or more or less

di<-itiform, suggestmg that of the species of Eathrometra. This type of stem plate

always accompanies greatly elongated columnals m pcntacrmoid larv-ffi. If the

columnals are very short the terminal stem plate approaches a cu-cular form length-

ening columnals bemg correlated with an mcreasmgly lobate outhne, which finally

becomes digitiform.
• i ^ •

i

Pentacrinoid larvae with short columnals and a more or less cu-cular termmal

stem plate in other words, wdth a column of comparatively slow growth, never

show any trace of radicular chri; but pcntacrmoid larvae with veiy long columnals

and a strongly digitiform termmal stem plate, that is, ^^-ith a verj^ rapid stem

growth, often form additional attachments further up the column (figs. 540,

541, pi. 3).
, , t • re 1.1-7

Radicular cirri are entirely distmct from the other type of cim (fig. 127,

T> 197)- they are most perfect at the base of the column and rapidly become

smaller' and less perfect toward the crown. The true cirri are always absent

from the base of the column, first appearmg, usually in a deficient series of

more or less unperfect mdividuals, just beyond (reckonhig from the terminal

stem plate) the first stem syzygjs the most perfect and the best developed bemg

iust under the crown.
, , , , ^u ,\.

The radicular cirri are merely special processes developed from he overgrowth

and expansion of the terminal stem plate, and are always confined to the region

below t^he first stem svzvg}'; the true cirri represent five dorsal processes, or groups

of processes, one from each of the five metameric divisions of the body.

Radicular cu-ri are probably to be mterpreted as originally a ternunal stem

plate which is reduplicated tlu-ough a number of columnals on account of the very

rai>id -rowth of the latter; that is, a number of the oariiest co umnals possess a

tendency, progressively decreasmg, to expand laterally at the ends; but on accoun

of the fulcral ri.lge such expansion can only take place at two pomts, so that it

forms two long processes, one on either side.
.

The radicular cirri themselves are best consi.lered as representing a s ep in

development bevon.l the .ligitiform type of terminal stem plate; this form of stem

plate is developed from the circular through the lobate as a result o a great mcrease

L the rate of growth; further hierease in the rate of growth results ui immensely

increasing the length of the digitiform processes, which become jointed and branched.
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Thus the radicular cirri represent a structure pecuUar to the distal end of the

column, and have nothin<^ whatever to do with the other cirri, which, in the recent

forms, are never known to occur beyond tiie fh-st stem syzygy.

In the comatulids the single syzygy in the stem occurs between the centrodorsal

and the coluninal next beneath it (fig. 553, pi. 5); m the pcntacrinites each nodal

is united to the columnal just beneath it by a syzygy, which in structure and in

location' is the exact counterpart of the single comatulid stem syzygy (figs. 127,

p. 197, and 143, p. 205). In the bourgucticrinoid type of column any two of

the columnals may be united by syzygy, these double columnals usually being rare

in the liistal portion of the stem and increasing in frequency near the crown (fig. 129,

p. 201; a stem syzygy is seen at the letter b). While in the comatulids and in the

pentacrinites the columnal just above a syzygy always gives rise to cirri, which,

though usually five in number (fig. 127. p. 197), may be as few as two or even

one, or may go to the other extreme and be as many as 80 or more, in the bourgucti-

crinoid type of column this does not occur, the epizygal (if this term may be used in

this connection) being in no way different from the hjrpozj-gal, the two being closely

united, with the line of union slightly everted.

The syzygies in the stems of the stalked crinoids are not in any way homologous

with those in the arms; though they are structurally and mechanically identical, this

identity means nothing more than formation under ontogenetically similar con-

ditions of structures with radically different phylogcnetic antecedents.

The syzygies in the arms occur between two ossicles which, in the transformation

from a biserial to a uniscrial condition, have not quite succeeded in fusing into a

single ossicle, and, on the other hand, have not retained their individuality. The

syzygial pairs of the arms are intermediate in character between the ossicles of the

division series and first two brachials of the free undivided arm, each of which is

primarily a double structure, and the outer bracluals, all primarily single structures.

All recent and mcsozoic crinoids possess a proximale or a strictly homologous

structure, typically single and attached permanently to the calyx, as in MiUiricrinus,

Bmirgueticrinus, Phrynocrinus (fig. 2, p. 61), ThioUericrinus and the comatulids,

but sometimes muUii)le, occurring all together just under the calyx, as in Apiocrinus,

or at regular intervals tliroughout the column, as in the pentacrinites (fig. 127, p. 197),

or at frequent intervals in the proximal portion of the column and becoming less

common distally, as in Proisocrinus (fig. 128, p. 199), Ehizocrinus, Bathycrinus,

Monachocrinus, and Democrinus.

The proximale primarily denotes the maturity of the column and the comple-

tion of stem growth, and is therefore quite analogous to the large lip developed in

the Ilelicidje and in other gastropods. It is normally the last columnal to be

formed and, as no further columnal formation occurs, it becomes intimately attached

to the calyx, fusing \vith the infrabasals and forming to all intents and purposes a

dorsal calyx plate. The proximale probably secondarily represents the original

central calyx plate from which the stem was doveloped by a more or less complex

process of reduplication.

Welded to the dorsal surface of the calj-^x by a union exactly similar to that

between the basals and the radials, by a close suture which to all intents and purposes
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is a syzygy, the proximale, naturally taking the shape of the dorsal part of the

calyx, becomes pentagonal or circular ami assumes the function of a central dorsal

plate.

Now the enlargement of the proximale affects also the columnal just beneath it,

the proximal (upper) face of wliich increases to a size equal to that of the distal

(lower) face of the proximale and, entirely losing the characteristic jomt face

sculpture, becomes closely approximated to the distal face of the proximale, uniting

with it in exactly the same way as the proximale unites with the calyx plates. This

union between the proximale and the colunmal just below it is the so-called stem

syzygy; but it is in reality merely a close suture, strictly homologous with the close

suture between the proximale and the basals and between the basals and the radials.

Proximales, or columnals homologous to proximales, are always attached to the

columnals just below them by these so-called syzygies, which differ from the other

articulations of the stem in having a plane, or nearly plane, surface without radial

crenellse, petaloid sectors, or transverse ridges; in other words, resembling the

smiace of the radials to which the centrodorsal is attached, or by which the radials

are attached to each other.

Primarily there was but one syzygy in the column, that between the proximale

and the columnal just below it. Such an arrangement is seen in the pentacrinites,

in which the proximale is reduplicated at regular intervals along the stem in the

shape of so-called nodals, all of wliich are united to the infranodals by syzygy, and

in the comatulids, in wliich the single stem syzygy is the seat of the fracture by
which the animal becomes free.

The formation of the proximale, closely attached to the dorsal surface of the

calyx and fused with the infrabasals, prevents the formation of new columnals above

it and marks the maturity or end of growth of the stem. But columnal formation

may continue by intercalation between the columnals immediately below the stem

syzygy, or excessive vegetative power may shove the proximale outward before it

fuses with the cah'x. In the adult pentacrinites new proximales are continu-

ally forming beneath the calyx, where every new columnal formed is a proximale,

only to be pushed outward by younger ones. Later these become separateil by

intercalated segments, each of them becoming united by syzygy to the intercalated

segment immediately below it.

In Rhizocrinus, Bathi/crinus and allied genera syzygies are found throughout the

column, with increasing frequency toward the crown. Each of the sj-zygial jjuirs

represents an effort to form a pro.ximale, and each is the exact equivalent of the

nodal of the pentacrinite plus the infranodal (just beneath it); the enormous vege-

tative power of the column, thougli much less than in the pentacrinites, lias pre-

vented the fixation of the proximale by the formation of added columnals above it,

while the more imiform growth has ])revented its specialization, and the incipient

proximale, united to the cohininal just below it. has passed outward in the shape of a

syzj'gial pair.

The series of short discoidal colunuials at the summit of tlie stem of Monachocri-

nus (figs. 132, 134, p. 203) and allied genera corres])onds exactly to the cone-like struc-

ture at the summit of the stem in Apiocrinus. This latter Inxs resulted tlu"ough the
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enormous swelling by external accretion of the calyx plates, which has also affected

the lower brachials and, together with the proximale, the columnals immediately

below it in rapidly decreasing degi-ee. As enlargement is the cliief factor involved in

the dill'erealiation of the proximale from the other columnals, it naturally follows that

all columnals enlarged will lake on the characteristics of proximales in proportion

to the amount of their enlargement. Thus in Apiocrinus we find not a single

proximale at the summit of the column, but a series of them of diminishing size,

distally grading more or less gradually into columnals of the usual t>'pe.

Tlae series of short discoidal columnals at the summit of the stem in Monachocri-

nus is the cone-shaped structure seen in Apiocrinus in an atrophied and obsolete con-

dition; it represents a group of imperfect proximales which occurs in these genera in

addition to the imperfect proximales found at rapidly increasing intervals toward the

distal end of the column.

The pentacrinites also form a continuous series of proximales (called in tliis case

nodals) immediately beneath the calyx in exactly the same way; but in tliis group

stem growth is so exaggerated that intercalation of columnals at once begins and

progresses so rapidly that by the time the proximales (nodals) are fully developed

they are separated from each other by from one or two to as many as 40 or more
columnals of the ordinary t\T)e in the group.

Intercalation of columnals also occurs in Apiocrimis, but in this genus it is so

feebly evident as to be quite negligible as a factor in column building. In Proiso-

crinus (fig. 128, p. 199), while the lower part of the column resembles that of Apio-

ainus, the proximal half has taken on the characteristics of the column found in the

pentacrinites.

The repetition of the proximale throughout the length of the column in Monaclio-

crinus and alhed genera with decreasmg frequency toward the distal end, and its

repetition in the pentacrinites at perfectly regular intervals, is singularlj- similar

to the conditions which we find in the arms.

In the arms the axillaries (figs. 81, p. 134, and 164, p. 227) are all primarily redupli-

cated radials, and the radials themselves, like the proximales, are secondarily, not pri-

marilj-, calyx plates; each one of the axillaries forms tlie base of what is essentially

an entirely new series of bracluals, in exactly the same manner that the radial forms

the base of the post-radial series as a whole, and the proximales fonn the end of a

completed column.

In extraneous division of the type occurring in Metacrinus the axillaries occur

with decreasing frequency toward the tips of the arms, just as the reduplications of

the proximale occur with decreasing frequency toward the distal end of the column in

Monachocrinus and its allies; furthermore, with increasing distance from the calyx the

less perfect do the reduplications, both of the radial and of the proximale, become.

In interpolated division as we see it in the comatulids and in all the pentacrinites

excepting Metacrinus (as well as in many other diverse types) the rej^etition of the

radial (forming the axillaries) occurs at regular intervals, just as the repetition of

the proximale occurs at perfectly regular intervals in the column of the pentacrinites;

moreover, the reduplications both of the radial and of the proximale are all exactly,

or \ery nearly exactly, ahke, all being singularly perfect.
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. As a result of the invariable occurrence of a proximalc, or one or more equivalent
structures, in the columns of the mesozoic and later crinoids (excepting in the
Encrhiidic, which in this as in other respects agree with pahrozoic forms, and in the

Plicatocrinidie), the varied shape of the column, which may be circular, elliptical, pen-
tagonal or stellate in section, the variation in the attachment, which may be by rariicu-

lar cirri, by a terminal stem plate, by a solid welding, or absent altogether, and the

enormous variability in the columnar growth, this being in some types, as in the pen-
tacrinites, excessive, and in others, as in Thiolliericrinus, abruptly reduced, while occa-

sionally, as in Marsupites and Uintacrinus, it is absent altogether, or, as in the other

comatulids, ceases abruptly before maturity is reached, the column in these tA-pes

comes to present the most rehable characters for broad systematic differentiation.

In the palaeozoic forms, where the columns arc, with rare exceptions, of a uniform t3-pe

and composed of a series of similar columnals, the variations in calyx structure are

of deep significance, far outweighing the characters offered by the column in system-

atic value; but in the later forms we see at once that in general the variations in

calyx structure are the direct result of the mechanical factors called into play by the

variations in the column. Thus as in the mesozoic and later types the calyx struc-

tiu-e is entirely dependent upon the structm-e of the column and has no special sig-

nificance other than illustrating methods of meeting various types of stresses in-

duced by the several types of stems, we are led to delimit our liigher. groups in terms

of column structure, passing over the vagaries of the calices, which are quite depend-

ent upon it.

In the t^'pical crinoid column there may be recognized three distinct regions

each of which inclutlcs a different tj'pe of columnal from the other two; these

three regions are (1) the distal, (2) the middle, and (3) the proximal. The distal

region includes the terminal stem plate or root, together with a varj"ing number
of columnals above it; these columnals are short, but very broad, and in the

bourgueticrinoid type of colunni their articular surfaces are usually more nearly

circular in outline than are those of any of the other colmnnals except the redupli-

cated proximales; they attained a fixed length when the animal was very small,

and further increase has been entirely in the direction of acklitional breadth

through the process of peripheral accretion so that, with increasing age, they

become continually broader and proportionately shorter. Almost imperceptibly

these columnals characteristic of the distal region transform into the columnals

of the middle region; these latter are more slender, but actually and proportionately

markedly longer; they are formed at the period of adolescence, which is the period

of maximum growth power. Very gradually these columnals change into the type

characteristic of the proximal region; the columnals of the proximal region are

shorter than those of the middle region, and any ornamentation or other distinctive

feature which the column may possess is upon them greatly accentuated: they

mark the passing of the adolescent period of maxinunn growtii power and the

assumption of the perfective (as opposed to the purely vegetative) vigor of maturity.

In order properly to appreciate the column in its relation to the other units of

the comatulid whole, and esj)ecially in its relations to the centrodorsal, and to appre-

ciate the essential similarity between the columnals, individually and collectivch',
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and the calyx plates, it is necessary here to include an account of the later develop-

ment of this organ. This has been carefully worked out by W. B. Carpenter; he

writes: "Concurrently with the advance in the development of the calj-x (see

beyond under Development), the column undergoes an increase both in the number

and in the length of its component segments, and while it also increases to some

extent in diameter, its solidity is still more augmented by the endogenous growth

of its calcareous skeleton. The terminal stem plate augments both in diameter and

in thickness, absorbing into itself, as it were, nearly the whole of the organic sub-

stance of the basal disk. Its typical form may be considered as circidar, but its

margin is usually more or less deeply divided into lobes. Its diameter is usually

about 0.015 inch. In its center is a deep depression that lodges the end of the

lowest columnal. The length of each of the original columnals is augmented by new

calcareous deposits at the extremities which finallv become compactly rounded off

and well defined, so that the apposed surfaces of two segments are clearly marked

off from each other instead of having their irregularities commingled as in the

earlier period of their formation. The diameter of each segment increases by new

calcareous deposit on its cylindrical surface, bringing up its whole length to the

size of the first formed median ring and finally giving to its extremities a slight

excess beyond this. At the same time the solidity of each segment is increased by

an inward extension of the calcareous trellis-work which progressively fills up what

was at first a hollow cylinder. This internal solidification, however, goes on more

slowly than the completion of the external form and dimensions of the segments,

for these may present their mature aspect, or nearly so, while possessing so little

substance that their shape is materially altered by the drj-ing up of the soft sarcodic

axis of their interior. While the original segments are thus advancing toward

completion, new segments are being developed in the interval between the highest

of these and the base of the calj-x. Bj' the time that the opening out of the cahTC

commences the number of columnals has usually risen to 15 or 16, those of the

inferior third of the column are pretty nearly solidified throughout, but those of the

middle and upper thirds are still so far from having attained their completion that

their calcareous cylinders when broken across are found to be mere shells. The

highest plate, upon which the base of the catyx rests, is now distinguished from those

below it by its somewhat larger diameter, but it does not as yet present any approach

to the peculiar shape which it afterwards comes to possess. Tlie entire column

remains clothed with a thin layer of sarcodic substance and its cavity is occupied

by a cylinder of the same which forms a continuous axis throughout its entire

length and passes up at its summit into the cal3'x."

Carpenter was unable to find at this stage any traces of that fibrous structure

which may be distinguished about the ends of the segments at a subsequent time.

He continues: "During the earher part of the spreading out of the caly^;, a

continued increase takes place in the number of columnals by the development of

new rings at its summit, while the previously formed columnals of its middle and

upper portions become progressively elongated and soUdified as those of the lower

portion have previously been. At or about the period at wliich the change takes

place in the relative positions of the oral and anal plates, the production of new
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calcareous segments in the column appears to cease, and a remarkable change
begins to show itself in the one on wliich the calyx rests. Instead of increasing in

length, its original annular disk augments in diameter, becoming convex on its

lower surface and concave on its upper, and it extends itself over the bottom of

the cal)^ in such a manner as to receive into its concavity the apices of the basals.

This change commences while the calcareous segments next below are still rudi-

mentary, so that although no further increase in the number of segments takes

place subsequently, yet some increase in its length will still be effected by the com-
pletion of the last formed columnals, previously immature. The total number
of columnals in a pentacrinoid column is subject to considerable variation, ranging

(in Antedon lifida) from 16 to 24, the average being about 20."

"Soon after the highest segment of the column begins to enlarge we notice

on that portion of its under surface that extends beyond the columnal upon which
it rests one or more minute tubercles which arc the origins of the dorsal cirri.

Each of these tubercles is formed bj- a projection of the sarcodic substance of the

perisome, within which are observable one or more minute annular disks of calca-

reous reticulation. The projection of the tubercle gradually increases, and the

number of disks (which are the rudimentary cirrals) is multiplied, so that each

incipient cirrus presents the form of a short cyhnder, marked by transverse annu-

lations. The length of this cylinder is progressively augmented by the formation

of new disks and by an increase in the thickness of the earUer ones, and the ter-

minal segment soon presents an indication of the peculiar character it is ultimately

to assume. As each cirrus elongates, its extremity, at first bluntly rounded,

becomes pointed, the terminal segment developing itself into a conical form, though

still covered with the same investment of condensed sarcode as extends over the

entire length of the rudimentary cirrus. The cirri of the first whorl alternate in

position with the radials; they are not developed at the same time, but progres-

sively about the periphery of the centrodorsal, the first one, corresponding in posi-

tion to the commencement of the intestine, usually exhibiting numerous segments

and a conical termination before the fifth, which is opposite the radianul plate,

appears.
" In the later stages of pentacrinoid life the column shows no increase in the

number of its segments, but those last formed are developed to almost the same
length as the rest, and all the columnals are somewhat augmented in diameter

toward their extremities so as to present somewhat of the 'dice-box' form. The
original annulus, which is still distinguishable in the middle of their length, so far

from constituting a projection, now lies in a hoUow. The axial cavity, if not quite

obliterated by the fdling up of the segments, is very much contracted; on tliis pobit

it is difTicult to arrive at a positive determination. The comiection of the columnals

by a distinct fibrous tissue resembhng that of the arms, and not merely pa.ssing

from one articular extremity to the other, but also embracing the contiguous

extremities which it connects, now becomes obvious.

"The most important change which the column presents at this period con-

sists in the enlargement of its highest basin-shaped segment, from which the dorsal

-OMC—Bull. 82—15 15
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cirri arc developed, and in tlu> further development and multiplication of the

cirri themselves. This segment, which now presents the aspect in miniature of

the centrodorsal of the adult Antedon, auf^ments not only in absolute but in rela-

tive diameter, extending itself over the dorsal or outer surface of the basals, which,

at the time of the detachment of the. body from the colunm, are almost entu'ely

concealed by it. The first-formed whorl of cirri now shows itself ready for pre-

hensile action, its terminal claws being hooked, the calcareous segments being bev-

eled off on their dorsal aspect so as to aUow of the downward flexure of the cirri,

and a considerable amount of contractile fibrous stnicture being developed between

and around the extremities of the segments. A second whorl of cirri is now devel-

oped after the same manner as the first between the latter ( with which it alternates

in position) and the base of the calyx, and a third whorl generally makes its appear-

ance before the detachment of the pentacrinoid, so that the young Antedon pos-

sesses 10 cirri in different stages of advanced development, and from one to five

still rudimentary.

"The total length of the fuUy-grown pentacrinoid, from the base of the column

to the extremities of the arms when these are folded together may be about 0.7

inch, that of the column alone being 0.25 inch; the diameter of the circle formed

by the expanded arms may be 0..5 inch. At this period the body and arms usually

possess a decided color, which is sometimes sulphur 5'ellow, sometimes light crimson,

sometimes an intermixture of both hues; this is usually more pronounced in the

arms than in the body, and is entirely due to the development of pigmentary matter

in the minute pyriform vesicles scattered through the sarcodic layer which still

forms, as in the earliest phase of embryonic life, the general envelope of the body

and its appendages.

"The precise stage of development at which the body of the animal becomes

detached from the stem varies, but the detachment does not seem to occur nor-

mally until the dorsal cirri are sufficiently developed to enable them to take the

place of the stem functionally by giving the animal the means of attaching itself

to fixed objects."

I can see no other way of deriving the columns of all the recent and most fossil

crinoids than by supposing them to be the potential homologue of the central plate

frequently develojied in the later echinoids which has graihuilly become elongated

and resolved, either by non-physical morphological fractiu'c or hy sunple reduplica-

tion (probably by the latter method), into a series of ossicles. The fact that when
viewed by ])olarized light the axis of crystallization is seen to follow the axis of the

column, while in the basals it passes at right angles to the plane of their surfaces and
therefore in the same direction toward the center of the calyx, would seem to indicate,

or at least to suggest, that the sum of the columnals was the potential equivalent of

a single calyx plate.

Of course many animals, as, for instance, the stalked ascidians, attach them-
selves by a small portion of their external coverhig, which becomes pulled out into

a more or less slender stalk, as in Boltenia; this elongation of the external covering

would naturally carry with it any calcareous structures which happened to be
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mcluded in it. Numerous cases of such elongatidU of a part of the body wall are
found among the echinodorms as well as in many other groups.

It has been suggested that the columns of crinoids originated thus from the
prolongation of the posterior part of the body of a more or less irregularly plated
primitive ancestor, the plates carried out into the primitive column becoming later

reguharly arranged. Aside from the objection that I can not imagine the ancestral
crmoid ever to have possessed an irregularly plated apical portion of the body, I can
see no reason for supposing that the columns of the recent crinoids and of their

immediate fossil representatives were derived through any such process. I consider

that the tj'pe of column which is composed of so-called ])entameres represents a
different sort of structure entirely from that seen in the recent crinoids, a develop-
ment from a spiculated apical area instead of from a definite central plate, though
the perfected form of both is identical.

Centrodorsal.

The centrodorsal, from which the cirri arise, is the modified topmost columnal
of the pentacrinoid larva, and as such is homologous with the so-called proximale,

and with the nodals of the pentacrinitcs.

Being the exact equivalent of the proximale, it represents each nodal of the

pentacrinite individually, and, as each nodal is merely a twinned reduplication of a

pruuarily single proximale, it also represents all the pentacrinite nodals coUectivoly.

Sir Wyville Thomson and W. B. Carpenter stated the exact truth when they
wrote that the centrodorsal represents a coalesced series of pentacrinite nodals: but
unfortunately they failed to appreciate the true homologies and significance of the

nodals, and therefore, while their statement was entirely correct, it has invariably

been mismterpreted by subsec^uent authors.

In the later fossil ami in the recent crinoids, as has been explained in the preced-

ing pages, the column possesses a definite growth limit upon reaching which aU
further development ceases, while the topmost colunmal enlarges and becomes
permanently attached to the ajiical portion of the calyx by close suture, and to the

columnal next below by a modified close suture or stem syzygy. Thus these crinoids

ty]3ically possess a column always with a definite number of columnals, the topmost
of which has become to all uitcnts and purposes an apical calyx plate attached to

what is now the top of the column by stem syzygy.

The column of the pentacrinoid larvas just before the formation of the cirri is

the characteristic column of the later fossil and recent crinoids develojied in its most
tyjiical form. But after the growth limit has been reached the ])roximale continues

to develop, gives rise to radiating cirri, and finall}', having become far too large for

the slender column to support, breaks away from the columnal just beneath it by
fracture at the syzygy between them.

The numerous cirri on the j>eriphery of the adult centrodorsal very naturally

gave rise to the idea that possibly this plato was a composite, the resultant of a

process of fusion uniting several individual columnals; but W. B. Carjtenter proved

conclusively that in Antedon bifida it is formed hy the eidargemeut of the topmost

columnal alone, no others entering into its construction.
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In certain fossil comatulids, however, the controdorsal is very long, and llio

question arose whether in such cases it might not be composed of several columnals

fused instead of only a single one as it had been ])roved to be in Antedon. P. II.

Caii)cnter was at first inclined to believe that this might be true; but when he had

Fig. 1-16. Fiu. 147

FiO. 14S.

Fig. 1J9.

Fig. 150.

Fios. 14ft-l50.—146, Dorsal view or the centrodobsal of a specimen of Comatella haculata from Torres Straits

(AFTER r. H. Carpenter). 147, Dorsal view op the centrodorsal of a specimek of Nemaster lineata from Brazil
(AFTER P. H. Carpenter). 14.S, Dorsal view of tue centrodorsal of a specimen of Comatula Solaris from .\i'strai.ia

(after p. H. Carpenter). 149, Dorsal view of the centrodorsal of a specimen of Comatl-la Solaris from Australia
(after p. H. Carpenter). 150, Dorsal view of the centrodorsal of a specimen of Comatula pectinata (after
P. n. Carpenter).

occasion to describe the recent Zenomeira columnaris (figs. 215, 216, p. 241, and
558, pi. 5), in which the centrodorsal reaches an extreme length, ho was unable to

find any evidence whatever which would warrant an opinion that more than one
columnal was involved in its composition.
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Fig. 151. Fio. 153.

Fig. 152.

Fig. 154.
Fig. 155.

Fig. 156.

Fig. 158.

Fio. 157.
Fig. 159.

Figs 151-159 -151, The cirriferous centrodorsal, raduls, and IBr, of a specimen or Comatula boialaeia (atteb P. H.

CARPENTER) 152, THE CENTRODOKSAL OF A YOUNG SPECIMEN OF CoMATULA ROTAI.ARIA FROM QUEENSLAND, VTUI THE

RADIAL3 AND THE IISR SERIES, SHOWING FUNCTIONAL CIRRI ARRANGED INTEIiRADIALLY AS IN CoMATULA PURPUREA. 153,

The CENTRODORSAL, RADULS, AND lliR, OF A SPECIMEN OF COMATUL.V ROTAL.VRIA (AFTER 1'. II. CARPENTER). 154, TilE

CENTRODORSAL, RADIALS, AND IBRi OF A SPECIMEN OF CoMATULA ROTAIJVRIA (AFTER V. U. CARPENTER) 15o, THE CENTRO-

DORSIL RADIALS, AND IBR, OF A SPECIMEN OF COM.^TUL.. ROT.VLARIA (.VFTER V. U. CARPENTER). 156, THE CENTRODORSAL,

RADULS, AND IBR. OF A SPECIMEN OF COMATULA ROTALARIA (AFTER V. H. CARPENTER) 157, THE CENTRODORSAL,

RADULS AND IBK, OF A SPECIMEN OF COMATULA ROTALARIA (AFTER V. H. CARPENTER). 15S, THE CENTRODORSAL, RADIALS,

AND IBR SERIES OF A FULLY DEVELOPED SPECIMEN OF COMATULA ROTALARIA FROM QUEENSL-^ND. 159, TUE CESTKODORSAL,

RADULS, AND IBR, OF A SPECIMEN OF COMATULA ROTALARIA IN WHICH TUE FIRST NAMED HAS ATTAINED TUE PERFECTED

FORM (AFTER T. H. CARPENTER).
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Ontogenetically it has been conclusively proved in all the comatulids of wliich

the young are known that the centrodorsal is a single columnal, and is never formed

through a fusion of two or more, and such evidojice as we have ])ouits definitely to

the conclusion that it is phylogenetically also a single columnal, homologous with a

single nodal columnal, and at the same time with all the nodal colunmals collectively,

of the ])cntacrinitos.

The centrodorsal of the comatulids is the exact equivalent of the so-called

proximale or "centrodorsal" found in very many of the Flexibilia. In these forms

at some undetermuied period in the ontogeny the infrabasals fuse with the topmost

columnal, which eidarges and, together with it, form a structure rcraaniing always

in permanent union with the calyx, the new columnals, if any be subsequently

added, being formed either directly beneath it, or by intercalation between the

columiaals already existmg beneath it.

The centrodorsal of the comatulids is formed in exactly the same way, and
mamtains exactly the same relationship with the infrabasals and with the other

plates of the calyx.

In such families as the Bourgueticrinidse and Apiocrinidae (both of which

include recent species) some forms possess a primitive proximale while others do

not, and we find an exactly parallel condition in the pentacrinite-thiollericrmite-

comatulid group, which collectively forms a precise equivalent to either of these

families.

In Thiolliericrinus, which represents in all essentials the basic type from which

both the pentacrinites and the comatulids have been derived, through specialization

in exactly the opposite direction, there is a proximale which is the exact equivalent

of that in such genera as Bourgueticrinus and MUlencnnus, the only difference beiiag

that it is cirriferous instead of noncirriferous, a difference of no particular morpho-
logical consequence. In the comatulids this proximale has usurped the functions

of the entire stem which, having become useless, is now discarded before the adult

stage is reached. In the pentacrinites the topmost columnal, though enlarged,

never succeeds in forming an attachment with the infrabasals; this incipient ])roxi-

male formation, resulting only in the enlargement of the proximal columnal, con-

tinues throughout the life of the individual; each columnal formed just under the

calyx is an incipient proximale, but never becomes fused with the infrabasals
;
pushed

outward from the calyx by the formation of another nodal columnal between it and

the calyx, it later becomes separated from the colunmal which preceded it by a

series of intercalated mternodals so that in the stem of the adult pentacrmito we find

a series of incipient proximales or nodals, cirriferous as in the comatulids and in

Thiolliericrinus, separated by a series of unspecializcd columnals or internodals.

Phrynocrimis alone of the recent stalked crmoids appears to possess a jiroximale

of the i)rimitive type, and in this genus the columnals are all uniform in structure,

just as in the larval comatulids. But in all the other genera (or at least in nearly all

of them) inci])ient proximales occur as modified columnals throughout the stem,

with increasing frequency towai'd the calyx, each representing an attempt to form

a proximale.
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VaaccG

Fig. 160.

Fio. 161.

FiQ. 162.

FiQS. 160-162.—160, The central fortion of a specimen or Comanthus PARncraRA, viewed dorsallt, showino the cirri

CONnXED TO TUE INTEKRADIAL angles of the OENTRODORSAL as in CO.MATULA PURPCREA (AFTER P. H. CARPENTER). 161,

The CENTRAL PORTION OF A SPECIMEN OF COMANTHUS WAIILDEROH FROM SIMON'S BaT, \-IEWED DORSALLY (AFTER P. H.

CARPENTER). 162, TUE CENTRAL PORTION OF A SPECIMEN OF COMATDLA BOTALABIA FROII QtTIENSLAND, VIEWED DOBSALLT

(AFTER P. H. Carpenter).
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In the very young stems of the peiitucrmites the eolumnals are longer than

broad, as in the stems of the hirval comatiilids, and they arc bound together by

artieulations of the bourgueticrinoid typo exactly resembluig those in the larval

comatulid stem (fig. 1 43, p. 205) ; but after each nodal the columnals become shorter

(those of each iiiteriiodc being always alike) and the articular faces become slightly

modified from the original type so that after five or six internodes an approxima-

tion to the true peiitacrinite type is reached. The first internode and the terminal

stem plate have never been observcil; but from the striking similarity, even in the

number of the component parts, I believe that we are justified in considering the

lowest internode in a pontacrinite stem which has been observed (the first post-

nodal to the second nodal columnals, both inclusive) as strictly homologous with

the entire larval comatulid stem, exclusive of the termmal stem plate, and plus a

very slight modification m the direction of the adult pcntacrinite internodal char-

acters. The following hiternodes progressively become and more differentiated in

the direction of the adult; hence we may confidently assume that the preceding

mternodes entirely lacked the very slight specialization which we find in the first

observed ; in other words, that they exactly resembled the stems of the larval

comatulids.

Now a young pcntacrinite possessmg but a smgle mternode, the cirriferous

nodal bemg the last columnal under the calyx, would be in all its characters prac-

tically identical with a larval comatulid at the time of the development of the first

whorl of cirri, at which time the basals have only just begun to undergo their meta-

morphosis into the rosette.

In the comatulids no further development of the stem as a whole occurs, but

the centrodorsal—the nodal of the pentacruiite—is enormously enlarged and gives

rise to usually one or more additional whorls of cutI, and fracture takes place

between this enlarged topmost columnal and that just beneath, largely as a result

of the great proportionate decrease m the area by which this enlarged topmost

columnal is attached to the followmg columnal, assisted by a modification from the

primitive bourgueticrinoid type of the articulation unitmg the two in the direction

of the so-called stem syzygv' (just as the articulation between the nodals and the

infranodals in the jM'ntacrinites is modified) and a consequent weakening of the

union. The metamorphosis of the basals into the rosette, it should be noticed,

docs not occur until after the development of the first whorl of cirri; that is, until

after the last possible common stage of development between the comatulid and the

pcntacrinite.

In the pcntacrinite, on the other hand, the nodal (the centrodorsal of the

comatulids) docs not enlarge; a smgle whorl of cii-ri is developed, and the union

between the nodal and the infranodal is transformed into a syzygy as in the coma-
tulids although, because of the absence of any enlargement of the nodal or of any
other growth change, this does not weaken it, or at least does not weaken it enough
to induce fracture. The pcntacrinite, instead of enlargmg the first nodal as do the

comatulids, proceeds to form another stem in which thefiret nodal occupies a posi-

tion analogous to the terminal stem plate in the original stem of both the pcn-

tacrinitcs and the comatulids, and this stem grows to exactly the morphological
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Fig. 163.—Dorsal view or a touno sPEauEN of Couanthina schleoeui from Banda, showino the cirri restricted to

THE INTERKADIAL ANGLES OF THE CENTRODOESAL AS IN COMATULA PURPUREA (AFTER P. H. CARPENTER).
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length of the first, whoii it gives rise to a second nodal; but this second stem is

slii'litly diflVrent from the first; the columnals are slightly shorter, and their articu-

lar faces are very slightly modified. This process is repeated, each subsequent

rei)etiti()n of the original stem, mainly from mechanical reasons incident to mcreas-

wc size, taking on more and more of the adult character, untU at last the perfect

pentacrinitc stem is developed, in which each internode is homologous with the

entire larA-al column of the comatulid.

The basals of the pentacrinitc, though modified by increasing size, remain at

phylogcnetically the same stage as the basals of the comatulids at the point where

the comatulids and jx-ntacrinites begin to diverge in their stem characters—the

stage of tlic development of the first whorl of cirri; otherwise the pentacrmite

crowns and the comatulids develop along exactly parallel lines as evidenced, for one

thing, by their peculiar, but exactly similar, types of arm division and of arm

structure.

It is evident, then, that the centrodorsals of the comatulids both ontogenet-

ically and phylogcnetically are the representatives of, and are therefore homologous

with, the nodals of the pentacrinites mdividually, as well as collectively, as sup-

posed by Thomson; whereas in the comatulids the single nodal is enormously

enlarged and modified in various ways and permanently attached to the crown, in

the pentacrinites each nodal merely marks a stage in the development of a long

and continuously growing stem. Thomson's conception of the centrodorsal as a

coalesced series of nodals probably was suggested by the Very numerous cirri com-

monly present on the centrodorsal of such genera as Antedon, and their arrange-

ment in more or less regular rows, each row being correctly considered as the equiv-

alent of a pentacrinitc nodal.

The increase in the number of cirri in the comatulids over the primitive five

may be easily accounted for. Ordinarily the crinoid stem, both in its calcified and

in its uncalcificd structures, undergoes continuous growth until the death of the

animal, continually forming new columnals just beneath the calyx. The abrupt

cessation of the development of new columnals m the comatulids has not been cor-

related with a similar cessation in regard to the uncalcificd constituents of the stem,

which, unable to develop normally along the usual Imes of crinoid growth, have

become repressed within the centrodorsal and have found relief from this repression

in the formation of cirri whenever the ontogenetical development of the repressed

stem constituents calls for the formation of a ciiTiferous nodal. We thus have a

very curious condition ; for, although the centrodorsal itself is strictly homologous

with a single pentacrmite nodal, as well as with all the nodals collectively, the

soft structures within it arc not, for they arc homologous with the entire penta-

crinite stem, and are, in effect, an entire pentacrinitc stem prevented from acquiring

the normal elongate form. The pentacrinitc stem in its develo])ment eontinuoush'

produces nodals at regular intervals; the comatulid <-entrodorsaI contmuousl}- ])ro-

duces new cirri between the most proximal row of cirri and the proximal edge of

the centrodorsal in just the same way, and the progressive development of the

cirri on succeedmg nodals ui the pentacrmite is exactly duplicated in the comatu-
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FiQ. iw.—Dorsal view of a specimen or Comanthina schleqeui rROM the ruiLippraE Isunds, suowixo tue relative

PROPORTIONS or THE VARIOUS PARTS, AND A CENTRODOB3AI, WITHOUT CIRRI (AFTER P. H. CARPENTER).
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lids, -when we make due allowance for the cramped eonditions under which in the

latter cirrus formation occurs.

The alternation and the irregular crowding of the cirrus rows in the comatulids

is the result of mechanical restraint cons('(|uent on the comparativeh" very slow

growth of the centrodorsal. This crowding and accompanyuig ii-regularity in

position is most marked in those comatulids in which the centrodorsal is the least

specialized, the species with the more highly specialized and longer types of centro-

dorsal having, as would be expected, more nearly attained a balance between the

CiUcareous and the uncalcified constituents of the stem.

A few comatulids, belonging to the genus ChJorometra, have the cirri in five

radial colunms, exactly as the cii-ri occur on the pentacrinite stem (fig. 207, p. 239)

;

many have them confined to the radial portions of the centrodorsal, in which

the)' may occur in two, three or four columns, or more or less irregularly (figs. 192,

194, 196, 198, p. 237, 200, 203, 204, p. 239, 208-216, p. 241, and 227, 228, p. 245).

All of these species have long and liighly specialized centrodorsals. One species

always {Comatula purpurea), and several often, have from 5 to 10 cirri confined

to the interradial angles of the calyx (figs. 79, p. 132, 160, p. 223, 163, p. 225, and

182, p. 233) ; but in these cases these are alwaj^ the latest cirri to be formed, and

have persisted after the repression and resorption of all the others, wliich were

radial in position.

W. B. Carpenter observed that the precise epoch of growth at wliich the

separation of the comatulids from the larval stem occurs varies greatl)^; thus, for

example, the young of the species of Hathrometra retain the stem until 20 or 30

cirri have appeared on the centrodorsal, which now conceals the basals, and the

pinnules are developed upon all the lower bracliials; whereas in Anfedon and in

certain other genera the stem is discarded when there are only 10 well-gi'own cirri

on the centrodorsal, the basals are still visible, and the lowest portions of the arms
are devoid of pinnules. The absolute size which is reached by the mature larve

before dropping off its stem also varies considerably, even mthin a single species.

At the end of the pentacrinoid stage, when the centrodorsal of AntedonsepaT&tes

off from the lower part of the larval stem, "a minute 5-rayed perforation remains

at its dorsal pole, wliich corresponds to the central canal in the stem" of the stalked

species that gives passage to the neurovascular axis. This is very soon closed up
by calcareous deposit. In a number of fossil forms it has been noticed that this

opening is a characteristic feature, in some species extending "into a large stellate

impression wliich occupies a considerable space on the lower surface of the centro-

dorsal, and in the fossil condition is more or less obliterated."

P. II. Carpenter believed that in these fossil species tliis opening in the centro-

dorsal at the dorsal pole is a larval character preserved in adult life; but I am
firmly of the opinion that it is a purely secondary feature, produced after death
by the erosion of the doi-sal pole, which in many of the recent species is in life

very tliin and composed of a rather loose calcareous deposit. A small amount of

erosion here would suffice to open the central cavity of the centrodorsal to the

exterior, without producing niucli, if any, change in the remaining more dense
portions of that centrodorsal, or in the radials. The large stellate central opening
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appears to be merely an exaggerated concavity of the dorsal pole, exactly compar-
able to the conditions found in many recent species—for instance, in ComaniJius
Icnnetti and m C. pinguis (figs. 171-174, p. 231). There is no reason whatever for

supposing that the centrodorsal in any fossil species was open at the dorsal pole any

F:g. 165.
Fig. 166.

Fig. 168.

Fig. 167.

Fig. 169.

Fig. 170.

Figs. I6j-1"0.—165, The centrodorsal and radials of a specimen of Comanthina schlegelii from the Philippine Islands

(AFTER p. H. Carpenter). 166, The ce.ntrodorsal and eadials of a specimen of Comanthina scin,EGELn from the
Philippine Islands (after P. H. Carpenter). 167, The centrodorsal, radi.u.s, and IBe series of a specimen of

Comantheria altern.\-ns from the Philippine Islands with two atrophied cmni remaining. 1&% The centeodors.u.

.vnd raduls of a specimen of Comanthina schlegelu from the PuiLipprNE Islands (aj-ter P. H. Carpenter). 169,

The centrodorsal and radials of a specimen of Com.^nthina schlegelu from the Philippine Islands (after P. H.
Carpenter). 170, The centrodorsal and radlals of a specimen of Comanthina schlkoelh from the Philippine

Islands (after P. H. Carpenter).

more than it is in any recent species, and there is no evidence wliich undeniably

supports such a view.

The comatulid centrodoi-sal varies in shape from a small stellate or pentagonal

plate, smooth at the edges and sunk beneath the dorsal surface of the radial penta-

gon (figs. 82, p. 135, 153-159, p. 221, 162, p. 223, 164, p. 227, and 16S-170, p. 229),

or a tliin (hsk more or less concave doi-sally with a single, often partially deficient.
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row of marginal cii-ri (figs. 152, p. 221, 165, p. 229, and 175-180, p. 231), to a large

conical or columnar plato twice as long as broad at the base, with nearly or quite

a dozen rows of cu-ri, wliich may be irregularly placed, arranged in crowded alter-

nating rows, or situated in definite columns (figs. 192, p. 237, 203, p. 239, and 20S-

216, p. 241).

iVlmost always the sockets on the centrodorsal to which the cirri are articu-

lated are confmed to that organ; but in the calomctrid genus OreomHra, and in

certain of the species of the related genus Neometra, the proximal portion of the

sockets of the peripheral cirri commonly is shoved forward onto the radials for a

considerable distance so that the cirri are borne partly on the centrodorsal and

partly on the radials. The axial canals, however, through which the axial cords

passing from the interior to the exterior of the centrodorsal run, is always entirely

within the substance of the centrodorsal, tliough it may be only just below its ventral

margin.

Ordinarily the cirrus socket is plane, or is marked with a peripheral row of

tubercles, and is in every way comparable to the so-called syzygy in the stem of

the pentacrinities just beneath the nodals, and to the articulation between the larval

comatuhd stem and tlie developing centrodorsal (figs. 192, 194, p. 237, 203, 207,

p. 239, and 208-216, p. 241). But in the species of the genera of the Atelecrinidae

(figs. 123, p. 192, 124, 125, p. 193, 218, 223, p. 243, 227, p. 245, and 573, 574, pi. 8),

and in a few other forms, this syzygy is not developed, the articulation between the

cirri and tlie centrodorsal being of the same type as that found between the individual

cirrus segments (fig. 587, pi. 13), or between the columnals in the bourgueticrinoid

tjT^e of stem (fig. 139, p. 205), and consisting of two ligament masses, one on either

side of a fidcral transverse ridge.

The dorsal pole, or apex, of the centrodorsal is always bare of cirri (figs. 146-150,

p. 220, 171-173, p. 231, and 191, 193, 195, 197, p. 237), and is usually flat or more

or less concave, though it may be slightly convex, especially in small species. Wliile

most commonly smooth, it may be slightly pitted (figs. 199, 201, p. 239), or studded

with fine spines or papillie (figs. 191, 193, 197, 198, p. 237, 203, 205, 206, p. 239, and

214, p. 241), oreven with large tubercles (figs. 189, 190, p. 235). In lateral profile the

sides of the centrodorsal are seen to be always more or less convergent tlistally, unless

the centrodorsal be very thin, wliile the ventral outline, as well as the outline of

the bare dorsal pole, is always more or less pentagonal (though occasionally almost

circular), and may bo sharply stellate. ITsually the sides of the centrodorsal are

every^vhere uniform in cliaracter (figs. 146-150, p. 220, 171-174, p. 231, 183-188,

p. 235, and 219-222, 224-226, p. 243), but sometimes tlie surface is broken up into

five radial areas by elongate-triangular bare interradial spaces (figs. 208-213, p. 241),

interradial furrows (fig. 123, p. 192), orstrong interradial ridges (figs. 191-194, p. 237,

203, 204, p. 239, 214-216, p. 241, 227, p. 245, and 558, pi. 5), which may be supple-

mented by similar but less prominent structures situated in the midradial line (figs.

203, p. 239, and 227, p. 245), in the latter case dividing the centrodorsal into 10 defi-

nite areas, 2, a right and a left, in each radius. The cirri may thus be evenly dis-

tributed over its surface (except at the dorsal pole), or may be segregated into 5 or

10 radial areas (very rarely occumng in a single column in the midradial line) (fig.
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Fig. 172.

Fig. 171.

Fig. 174.

Fig. 173.

Fig. 176.

Fig. 17

Fig. 175.

Fig. 179.

Fig. 178.

Fig. 180.

Flos. 171-180.—171, Dorsal view or the centrodoesal and badials of a sPEcniEjf or Comanthus pinguis fbou southern
Japan. 172, Lateral view of the centrodorsal and raduls of a specimen of Comanthus pingcis from southern
Japan. 173, Dorsal view of the centrodorsal of a speomen of Comanthus ben.netti from the Pelew Isla.vds.

174, Lateral view of the centrodorsal of a specimen of Com-i-vthus ben'netti from the I'elew Isl.vnds. 175, The
centrodorsal, eadlals and IDri of a specimen of Comanthus parvicirra from the Phiuppine Islands, showinq
the last stages in the reduction of the cirri (after r. H. Carpenter). 176, Dorsal view of the centrodorsal
of a specimen of COM.4NTHU3 PARVICIRRA FROM THE I'HIUPPLNE ISLANDS, SHOWING AN APPROACH TO THE PERFECTED
countersunk SIEU,ATE T^TE (AFTER P. H. CARPENTER). 177, DOKSAL VIEW OF THE CENTRODORSAL OF A SPEaMEN OP
comanthus parvicirra from the pinupptne islands (after p. ii. carpenter). 178, doesal view of the centro-
dorsal and radials of a specimen of comanthus parvicirra from the i'hiuppine islands (after p. h. carpe.nter).

179, Dorsal view of the centrodorsal of a specimen of Comanthus parvicirra from the Philippine Islands (after
P. H. Carpenter). 180, Dorsal view of the centrodorsal of a specimen of Couantuus parvicirra from the Philip-

PDJE Islands (after P. H. Carpenter).
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207, p. 239); they may also be suppressed except at the interradial angles (figs. 79,

p. 132, and 152, p. 221), or may be suppressed in the midradiai line (fig. 196, p. 237),

or may even be absent altogether (figs. 162, p. 223, and 164, p. 227) ; it occasionally

happens that they only occur on lialf of the periphery of the centrodorsal (fig. 78,

p. 131).

In some cases the obsolescent cirrus sockets, after losing their cirri, instead of

regenerating new cirri give rise to more or less elongated jointed tubercles which, if

the dorsal pole of the centrodorsal is spinous, may have a similarly spmous surface.

Occasionally these are not developed as jointed tubercles, but as attached processes

with their bases entirely filling the area origiuallv occupied by the cirrus socket.

Both of these types must be regarded as the equivalent of an entire cirrus reduced

through degeneration to a single segment.

The centrodorsal is ventrally in close apposition to the radials all around, at

least in the more central portion, the only break being in the interradial angles

where the basal rays, the small rounded or rhombic ends of which are externally

visible, may come between them (figs. 194, p. 237, 203, p. 239, and 208-216,

p. 241).

In many species of the Comasteridse, perhaps in most of the larger forms, and

in many species belongbig to other famihes, most noticeable in the Zenometrinffi,

ThalassomctridsB, and Charitometridse, deep narrow clefts extend inward between

the dorsal surface of the radials and the ventral surface of the centrodorsal (figs.

166-169, p. 229, 172, p. 231, 194, p. 237, 203, 204, p. 239, and 208-216, p. 241).

These clefts are most obvious in those comasterids in wliich the centrodorsal is

reduced to a stellate plate, and sunken below the dorsal surface of the rachals.

Tliey terminate inwardly against the inner portion of the ventral surface of the cen-

trodorsal, which is in close apposition with the inner portion of the dorsal surface of

the rachal pentagon, and thus form blind cavities strictly homologous, as suggested

b}' P. II. Caqjenter, with the smaller so-caUed interarticular pores in the stems of

the pentacrinites (fig. 127, p. 197; in the upper thii'd of column). As the basal

raj's always maintain the same relative length, they form externally five conspicuous

bridges separating those clefts in the interradial angles (figs. 194, p. 237, 214,

p. 241).

P. H. Carpenter noticed that the ventral surface of the centrodorsal, wliich is

appHed to the rachals, is ch\-ided by ridges or grooves into the five trapezoidal areas

in which the rachals are lodged, and that these are occasionally marked, toward

their inner borders, with more or less definite i)its which receive the ends of the

radial axial canab (figs. 259, 260, p. 2.55, 262, p. 257, 280-283, p. 2(31, 593, pi. 15).

In most comatuhtls every two fossae are separated by one of the five basal grooves

which lodge the basal star (%s. 243-249, p. 251); but if no basal star be present,

as in most of the macrophreate species, the radial fossse on the centrodorsal are

usually separated by moderately sharp ridges (figs. 280-283, p. 261).

Internally the centrodorsal is excavated into a deep cavity for the reception

of (he ciiambered organ and associated structures, and the ventral edge, especisilly

in the Macrophreata, is usually aU around more or less produced inward so as to

result in the formation of a lip somewhat overlapping the central cavity after the

manner of a velum or diaphragm (figs. 66, 67, p. 93).



MONOGRAPH OF THE EXISTING CBINOIDS. 233

The inner surface is studded with small opening;s which are the inner ends of

canals leading from the inner cavity to the centers of the cirrus sockets exteriorly,

Fig. 182.

FiQS. 181-182.—181, Dorsal VIEW of the youngest sfecimen ofCouatul.i kotalaria obtaked by the "Challengeb,"

SHOWINO the functional CIKKI (after 1>. n. CARPE.NTEtt). 182, DoES.U. \1EW OF A SPECIMEN OF CoM.VNTHCS FAnVICIRBA,

SHOWING CIRRI PRESENT IN ONLY TWO OF THE LNTERRADLIL ANGLES OF THE CENTRODORS.U. (AFTER V. H. CARPENTER).

and are contmued into the cirri (figs. 66-68, p. 93). In Antedon hifda these canals

average, according to W. B. Carpenter, 3^ inch in diameter, but they are pro-

portionallv larger in species having larger cirri. Most common^ the walls of this

79140°—Bull. 82—15 16
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interior cavity are nearly or quite flat, or regularly curved, but in many comatulids

they are marked by strong ribs alternating in position with the columns of per-

forations tlirough which pass the cirrus canals, "the lower ends of which are more

or less distinctly visible through the central opening, projecting beneath its lip,

wliich they liel]) to support. Five of them, those in the interradial angles, are

often considerably' larger than the rest, and may bo the only ones visible. In other

cases, however, both these and numerous smaller intermediate ribs are visible

through the central opening. These ribs are much more distinct in some individ-

uals than in othcre of tlie same species."

The recent comatuhds are at once divisible into two great classes, one including

genera in wliich the central cavity of the centrodorsal is typically very large and

deep with usually a prominent ventral lip (figs. 66, p. 93, and 286-291, p. 262), the

other containing genera in which it is very small and shallow, with Httle or no lip

(figs. 68, p. 93, and 250-255, p. 253). The first division, constituting the sub-

order Macroi)hreata, comprises the families Antedonidae, Atelecrinidje and Pcn-

tametrocrinidse, and the latter, known as the suborder Oligophreata, includes the

famihes Comasteridse, Zygometridas, Himerometridse, Stephanometridfe, Maria-

metridae, Colobometridae, Tropiometridse, Calometridse, Thalassometridse, and

Charitometridse.

Usually species may be referred at once to one or other of these two groups by

a glance at the ca\-ity of the centrodorsal; but caution must alwaj"s be used, for

very large specimens of some macrophreate forms, and certain large species, in-

crease the outer walls of the centrodorsal faster than they excavate the central

cavity, and hence approach in appearance the oligojihreate forms (figs. 67, p. 93,

and 297, p. 263), while small and immature oligophreate specimens, or the less

specialized species, may at first glance appear to be macrophreate (fig. 235, p. 249).

The Comastcridai are remarkable for the great diversity in the size of the centro-

dorsal, even witliin the limits of a single genus, sometimes even witliin the compass

of a single species. In some forms, as in Comanthus bennetti or C. pinguis (figs. 171-

174, p. 231), it is very large and hemispherical with a small strongly concave

dorsal i)ole, and bears several more or less irregular alternating rows of cirrus sockets

which are large and crowded, resembling somewhat the centrodorsal of some of the

large species of Heliometra or Florometra (figs. 225, 226, p. 243); in other species,

as in ComatuJa micraster, Capillaster macrohrachius, Comaster typica, and Comantheria

polycnemis, it is reduced to a small pentagonal or stellate plate, devoid of the least

trace of cirrus sockets and countersunk so that its flat dorsal surface is even with

that of the radial circlet or even shghtly below it, from which it is separated by
deep and narrow clefts, bridged over bj' the ends of the basal rays (figs. 162, p.

223, 164, p. 227, and 166-170, p. 229). AU gradations between the two extremes
arc found; but the centrodorsal in the Comasteridae is exclusively of some type
between these two extremes and never becomes conical or columnar as is frequently

the case in other families, nor are the cirri (except in a single aberrant genus) ever

arranged in columns.

The transition between the large hemisjiherical centrodorsal of Comanthus
hennetti or C. pinguis and the small stellate disk of Cotnastcr ttjpica is effected simply
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Fig. IM.

Fig. 183.

Fig. 186.

Fig. 185.

Fig. 188.

Fig. 187

Fig. 1S9.

Figs. 183-190.—183, Doksal view op the centrodoesal op a sPEaMEN op Amphdietra discoicea piioh Queeksland. 184,

Lateral view op the centeodorsal and radials op a specimen op -iMPHiiiETRA discoidea from Quef.n.'sland. 18S,

Dorsal view of the centrodorsal of a specimen of Heterometra quindupucava from the Philippine Islands
(after p. H. Cuipenter). 186, Laterai. view op the centrodorsal of a specimen of Heterometra quinduplicava
from the Philippine Islands (after P. H. Carpenter). 187, Dorsal view of the centrodorsal op a specimen op
Ptilometra mOlleri from Sydney, New South Wales. 188, Lateral view op the centrodorsal and radlals op a
specimen op Ptilometra mClleri prom Sydney, New South Wales. 189, Dorsal view of the centrodorsal op a
speomen of vVsterometua macropoda from southwestern Japan. 190, Lateral view of the centrodorsal, basal
rays and radials of a specimen op Asierometra mackopoda from southwestern Japan.
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by a progressive decrease in the height, resulting from a planing off, by resorption,

of (he dorsal ]w]o; tliis results, o\\4ng to the hemispherical outUnc in a progressive

hroaih'iiing of the dorsal j)ole, wliich at the same time becomes flatter, and in tiie

eUmination, one by one of the rows of cirrus sockets, so that the centrodorsal finaUv

becomes a broad flat disk witli a single, often more or less deficient, irregular mar-

ginal row of cirrus sockets; the process continuing furtiier, tliis (hsk becomes thimier,

the cirri, one by one droj) off, the sockets close up, and the disk then begins to

decrease in diameter, finally retreating witlun the circlet of ra<hals and sinking so

that the doi-sal surface of the rachals and of the centrodoi-sal both rest in a common
plane (figs. 152, 154-156, p. 221). In extreme cases the radial margin of tlie disk

is resorbed and becomes more and more concave, the interradial portion always

reacliing to the ends of the basal rays, until a small tliin sliarply stellate plate

results (figs. 157-159, p. 221).

The suppression of the cirri follows exactly the same lines as their development;

they first dlsajipear one by one from the midradial region of the centrodorsal (fig.

531, pi. 2); an incipient stage of this process is frequently noticed m certain of the

Thalassomctridaj (compare figs. 196 and 198, p. 2.37); then the whole of the radial

region becomes affected, so that the cnri arc reduced to the interradial portions,

occurring, singly or in pairs, just beneath the interradial angles of the calyx; this

condition is permanently retained in the adult of Comatula purpurea (fig. 79, p.

132), and is often noticed, as an mdividual variation, iii many of the species m
which the cirri are normally lost in the adult, as for instance, in Comanihina schlegelii

and in Coniaster leUi; at last these interra<lial cirri begin to drop away, so that only

one cuTUS is left in each interradial angle, and finally aU the cirri are discarded.

P. H. Carpenter notes that the ventral surface of the centi'odorsal of Comanthus

parmdrra is 10-sided or nearly so (figs. 243-245, and 247-249, p. 251), and is not

marked b}' shallow radial depressions like those seen on the ventral surface of the

centrodorsal of Antedon (figs. 280, 281, 283, p. 261, and 593, pi. 15). The radial

areas lisc very slightly from their peripheral to their central margins, and are

marke<l by various mdistinct ridges and furrows. Their sides rise towards the

five interradial elevations wlxich, though not very much raised above the general

surface of the plate, are nevertheless very distinct; for they are wide and marked

by shallow grooves which occupy the greater part of their width, so that the smi-

ple ridge, as seen in Ilathrometra (fig. 290, p. 262) and Leptometra (fig. 287, p. 262),

is here represented by the two sides of the groove which is cut out along its median

line. In Antedon these sides meet at a very short distance from the central end of

the groove, so as to obliterate it (fig. 285, pi. 261). In Comanthus parvidrra, how-
ever, they approach one another very gradually, and only just meet ^Wthin the

margin of the plate (figs. 243-245, and 247-249, p. 251); but the ridge forme«l

by their fusion does not end here as in Antedon, for it is continued a short dis-

tance beyond the general surface of the plate so as to appear as a short jirocess

extemling outwards from the angle between two sides of its external j)ent agonal

margin. Consequently these five short processes appear on the dorsal aspect of

the plate, prolongmg its angles outward. The grooves which are thus cut out

along the median line vi the interradial elevations on the ventral surface of the
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centrodorsal in the Comasteridse and in other comatulids arc of no little importance,
for there lie in them the five rays of the basal star, which is in close connection with
the dorsal surface of the radial pentagon. As a general ndc these intcrradial ele-

FlG. 195.

Fig. 192.

Fig. 194.

Fig. 196.

Fig. WS.

Fig. 197.

Figs. 191-198.—191, Dors.*.l view of the centrodoksal of a specimen of Stenometba dorsata from southern- Japan.
192, LATEII.U. VIEW OF THE CENTRODORSAL AND RADIALS OF A SPECDIEN OF STENOMETRA DORSATA FROM SOUTHERN J.iPAJf.

193, DOP.SAL VIEW OF THE CENTRODORSAL OF A .SPECIMEN OF SlVLOMETRA SPIN1FERA FROM CUBA. 191, LATERAL VIEW OF
THE CENTRODORSAL, BASAL RAYS AND RADIALS OF A SPECIMEN OF STTLOMETRA .SPINIFERA FROM CUBA. 19.i, DORSAL VIEW
OF THE CENTRODORSAL OF A SPECIMEN OF TiLU.ASSOMETRA IIAWAHENSIS FROM THE HaWAILV.N ISLANDS. 196, LATERAL VIEW
OF THE CENTRODORSAL OF A SPECIMEN OF TUALASSOMETRA HAW.UIENSIS FROM THE HAWAIIAN ISLANDS. 197, DORSAL VIEW
OF THE CENTRODORSAL OF A SPECIMEN OF THALASSOMETRA VILLOSA FROM THE WESTERN ALEUTIAN ISLANDS. 19S, LaTER.IL

VIEW OF THE CENTRODORSAL OF A SPECIMEN OF THALASSOMETRA VILLOSA FROM THE WESTERN ALEUTIAN ISLANDS.

vutious and uiterradial grooves are, like the rays of the basal star, entirely devoid

of pigment, which is, however, very abundant in the organic base of the calcareous

reticulation composing the rest of the ventral surface of the plate, so that when
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this is first exposed by the removal of the centrodorsal from the dorsal surface of

tho radial p(>nta<;;on which rests upon it, five white rays are visible on a dark back-

ground. Uidoss the plate is iuunediatoly removed from the alkaline solution used

to effect its separation this distmction in color between the radial and the inter-

radial portions of its ventral surface rapidly disappears, owing to the destruction

of the pigments contained in the former.

The development of these basal grooves is not only different in different speci-

mens of the various species of comatulids (figs. 229-234, p. 247, 235-242, p. 249, and

243-249, p. 251), especially among the Comasteridaj, but it varies to a certain extent

in the same individual (fig. 248, p. 251). Sometimes one or more of the basal grooves

may rapidly diminish in width and end well withm the periphery of the centro-

dorsal (figs. 243, 248, p. 251). Tliey may gradually dimmish (fig. 259, p. 255), or,

more rarely, gradually increase (fig. 229, p. 247), from the center to the periphery,

or the sides may bo quite parallel (figs. 266, p. 257, and 268, 270, p. 259) ; but usually

they increase slightly m diameter for a shorter or longer <listance, tapering off

gradually from tliLs pomt toward the periphery, thus having, as expressed by

Carpenter, a leaflikc appearance (figs. 244-249, p. 251).

Except for very small fonns such as Comatilia iridometriformis, Comanthus

hennetti and C. pinguis (figs. 171-174, p. 231) are the only species in the Comasteridffi

in which the centrodorsal develops throughout life and shows but little trace of

progressive specialization in the adult stage; m most of the other species the centro-

dorsal is discoidal (figs. 160-162, p. 223, 163, p. 225, and 181, 182, p. 233), though it

may be rather thick, with a broad flat polar area and two or three marginal rows

of cirrus sockets bearmg functional cirri which in some cases, as in Comanthus

parvicirra, may be disproportionately small (figs. 160, p. 223, and 182, p. 233) or, as in

C. trichoptera, disproportionately slender and thm (fig. 330, p. 281). A number of

species commonly have the centrodorsal a very th'ui disk with a single row of cirrus

sockets which may be regularly (as in Comatula purpurea) or irregularly (as in

Comanthus parvicirra) mcomplete (figs. 79, p. 132, and 182, p. 233); others when
adult usually have the centrodorsal without cii-ri and pentagonal or stellate, but

frequently with one or two or even mor<> perfect cirri remaining, as Comanthus

annulata, Comanthina schlegelii or Comaster helli (fig. 182, p. 233); and a consider-

able numb<'r idways when adult have the centrodorsal smaU and stellate with never

a trace of cirri, as Comatula rotalaria, Comaster typica, Capillaster macrohrachius,

an<l Comantheria polycnemis ifig&. 153-159, p. 221, 162, p. 223, 164, p. 227, and 166,

168-170, p. 229).

When very young, all the species of the C'omastcridse have centrodorsaJs exactly

like those of Antedon, and in all species alike they develop in exactly the same way.

The difference in the centrodorsals of the adults is therefore solely a <lifference in

comparative development, demonstrating a fundamental unity, and not a difference

in structure, implying a phylogenetic divergence. For mstance, the large hemi-

spherical centrodoi-suls of Comanthus hennetti or C. pinguis iiro merely controdoi-sals

of the most primitive comasterid type which, though greatly increased in size,

are not ontogenetically different from the centrodorsals of the early post-penta-

crinoitl stage; the centrodoi-sals of Comactinia or t)f Cojniss^ia, discoidal, with one
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FlO.200.

Fig. 199.

no. 202.

Fia. 201.

FiQ. 203.

Fig. 204.

FlO. 205.

Fig. 206.

FlQ. 207.

Figs. 199-207.—199, Dorsal view of the centrodorsal of a specimen of Farametra .vlboflava from southern Japan.

200, Lateral ^^EW of the centrodorsal and raduls of a sPEaMEN of Pakametra alboflava from sodthern Jap.uj.

201, Dorsal view of the centrodorsal of a specimen of Parametba orion from southern Japan. 202, Lateral

VIEW of the centrodors.o. of a specimen of Parametra orion from southern Japan. 203, Lateral view of the

centrodorsal and radials of a specimen of Tcalassometra gioastea from the Hawaiian Isl.u;ds. 204, Lateral

view of the centrodorsal and radials of the type SPEaMEN OF COSMIOMETRA CONIFERA from southern J.VPAN. 205,

Lateral view of the centrodorsal of a specimen of Stiremetra arachnoides from Quee.s-sland. 206, Dorsal

VIEW OF THE centrodorsal OF A SPECIMEN OF t'KlNOMETRA CONCINNA FROM CUllA. 207, LATERAL VIEW OF THE CENTRO-

DORSAL AND RADIALS OF A SPECIMEN OF CULOROMETRA R0BU3TA FROM THE PHILIPPINE ISLAKDS, SHOWING THE CIBKUS SOCKETS

m SINGLE MIDRADLU. COLUMNS.
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or at most two rows of cirri, represent an advanced stage of comasterid centrodorsal

development (though the arm structure in these two genera is much less spt>cializcd

than in Comanthus), while tlie stellate centrodorsals of Comaster typica or of Ca-pil-

laster macrohrachius are of the most specialized t3-pe.

It is a curious fact, though one finding uinumerable parallels, that ui all of the

genera of the Comastcridas the centrodorsal starts, so far as wo know, from exactly

the same condition in the young, and develops along exactly the same Imes; in

Comanthus all the stages are found in the adults of the various species, but hi the

other genera the sum of the species taken together covers only a comparatively

small part of the entu-e developmental line.

If we take the Ime of development of the comasterid centrodorsal and divide

it into four parts, markhig the division pouits A, B, C, and D, A being the Comanthus

bennetti type (figs. 171, 174, p. 231) (under which, in effect, all the very small species

such as Comatilia iridometriforrrds are include*!, as would be expected); D the small

stellate Comaster typica type (figs. 157-159, p. 221), B (figs. 146-148, p. 220) and C
(figs. 160, 161, p. 223, and 163, p. 225) intermediates, wo find that Comactinia, Lep-

tonemaster, Neocomaiella, Comissia and Nemaster all fall between B and C; Cominia

falls hi B; Comatella extends from A to C; Comanthus from A to D; Capillaster from

B to D; and Comatula an«l Comaster from C to D. Pal^ocomateUa is essentially

like Neocomatella, though it exhibits a tendency toward a columnar arrangement of

the cirrus sockets.

It is interesting to note that, except for the very small species of Comatilm

and MicrocomatuJa, which are scarcely to be considered in this connection, the

West Indian comasterids and the comasterids occurring on the Atlantic coasts of

Africa are restricted in regard to the development of the centrodorsal to the interval

B-C, whereas those of tlie central East Indian region and of the more northern

l)ortions of Australia range from A to D with the emphasis, in Australia, on the D;

of other regions, the northwest and southeast African comasterids range only

between B and C like the West Indian, while the southern Japanese range from

A to C.

It is evident from the tabulation given above that the comasterid genera which

show the most specialization in other characters have also the most specialization

in their centrodorsals, and also that extreme specialization, either in the direction

of a retention of a larval type of centrodorsal, or of very great reduction in the

size of that plate, is confined to the areas where extreme specialization in otlier

characters occurs.

In the Innatantes the central jdate is not com])arable to the centrodorsal of

the other comatulids (figs. 505, 572, ])1. 7) ; I believe it to be tlie homologue of the

terminal stem plate plus all tlie columnals of the other comatulids. I am led to this

belief from the following circumstances: It lies in the body wall flush with the infra-

basals, and therefore can not be a columnal, for in all stalked crinoids the topmost

columnal supports more or less of the lower margin of the basals or of the under-

basals; this is a mechanical necessity, as otherwise the weight of all the calcareous

structures would have to be taken up by the soft interior structures immediately

above the stem, and by the sutures between the topmost columnal and the



MONOGRAPH OF THE EXISnNG CRINOIDS. 241

Fig. 208.

Fig. 209.

Fig. 210.

Fig. 211. Fig. 212.
Fig. 213.

Fig. 214. Fig. 215. Fig, 210.

Figs. 20S-216.—20S, Lateral \'iew of the centrodorsal or a specimen of rsAinvROMETRA congesta from tue IIaw.uian
Islands. 209, Later.u, tiew of the centrodorsal of a specimen of Psatiiyrometra fragius from northern J apaji.

210, Lateral vmw of the centrodorsal of a specimen of Psathyeometka profundorum from Queen Cilirlotte
Islands. 211, Lateral view of the centrodorsal of a specimen of Psathitjometra borealis from the western
Aleutian Islands. 212, Lateral view of the centrodorsal of a fully grown specimen of Psatiiyrometra erv-
THRI20N from THE SEA OF JAPAN. 213, LATERAL VIEW OF THE CENTRODORS.VL OF .A. SMALL SPECIMEN OF PSATHYUOMETRA
ERYTHRIZON FROM THE SEA OF JAPAN. 214, LATERAL VIEW OF THE CENTRODORSAL OF A SPECIMEN OF ZENOMETRA TRISERI-'

A LIS FROM THE HAWAIIAN ISLANDS. 215, LATERAL VIEW OF THE CENTRODORSAL OF A SPECIMEN OF ZENOMETRA COLUMNARI3
FROM Georgia. 216, Lateral view of the centrodorsal of a specimen of Zenometra columnaris from Georgia.
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basals or infriibasals; as tlie infrabasals of the youri<^ Aniedon and the coronal

j)httc3 of the urchins surround the apical system in just the way that the infra-

basals of Marsupites (fig. 565, pi. 7) and of Uintacrinus (fig. 572, pi. 7) surround

the central ])liitcs, it seems to me that we must assume that tlie central i)lates are

the equivalents of the entire apical system (the terminal stem plate plus the

columnals) of the developing Antedon.

There is additional evidence that neither Marsupites nor Uintacrinus ever

possessed a stalk; this evidence is purely circumstancial, but appears to be none

the less good. Both Marsupites and Uintacrinus have an enormous range; now
we find among the jclh'fishes forms which are purely pelagic, and otlicr forms

which are fbced for varying periods. The extent of the range of these different

types is very varied, the pelagic species having the greatest, and the longest fLxed

the least, range. When we compare the distribution of lifarsupites and Uinta-

crinus with that of the recent jcllylishes we find tliat the parallel is distinctly with

those types which are exclusively pelagic and pass through no fixed stage, and we
therefore appear to be justified in assuming that Marsupites and Uintacrinus, like

them, were always at all stages free swimming.

All of the numerous and diverse types of centrodorsals are ultimately derived,

both phylogenetically and ontogenetically, from the type characteristic of the

comasterids, and the segregation of the cirrus sockets into columns, with the accom-

panying assumption of strong interradial ridges or furrows and of a more or less

pronouncedly conical shape, commences after the centrodorsal has attained an

appreciable size. In most cases all evidence of the early stages is lost tluough

the erosion or resorption of the dorsal pole, but in certain small species of Psatliy-

rometra, as for instance in Fs. inusitata (fig. 228, p. 245), the juvenile ])ortion of the

centrodorsal with its alternating rows of cirrus sockets which show no trace of

radial segregation, but resemble those of the genus Trichometra, is retained beyond
the mature portion in which the cirrus sockets are in columns and the columns are

grouped into radial areas by the development of definite furrows.

^Vhen the centrodorsal is of the primitive type it increases in size proportion-

ately with an increase in the length and stoutness of the cirri; tlius in the Comaste-

ridae, Zygometrida3, llimerometrida^, Stcphanometridae, ilariametridae, Colobome-
tridae, Tropiomctridae, Calometridae, and Pentametrocrinids, and in the genera of the

Antedonidse in which the primitive type of centrodorsal is retained, the species with

small cirri have small centrodorsals, and those with large cirri have large centro-

dorsals; but if the cirri are arranged in definite columns the reverse is, within

certain limits, tnie; species with small and short cirri have larger centrodorsals

than those with longer and larger cirri; tlius the species of Thalassometndse and
Atelecrinidae have much smaller and more sharply conical centrodorsals than those

of the Charitomotridsc, while the species of Zenomctrinse have, in j)roportion to

their size, the smallest centrodorsals of any of the Antcdonidse.

This fact is not always easy of ajjpreciation, for as a rule species with a columnar
arrangement of cirrus sockets do not lose nearly so much of the dorsal pole by
resorption as those with the cirrus sockets arranged in alternating rows, and hence
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the centrodorsal is relatively longer; again the radical resorption may be, as in

Zenometra (figs. 214-216, p. 241) and in Balanometra, entirely restricted to the

midradial areas, leaving the interradial areas standing up as high ridges and

making the centrodorsal appear far larger than it really is.

Fig. 217.

Fn. 220.

Fig. 218.

Fig. 219.

Fig. 221.

Fig. 222.

Fig. 225.

Fig. 224.

Fio. 226.

Figs. 217-226.—217, Dorsal view of the centrodorsal of a specimen- of Zenometra columnaris from Georgia. 218.

Lateral \-iew of the centrodorsal of a sPEaMEN of .Vteleceinl-s balanoides from Porto Rico. 219, Dorsal vjew

of the centrodorsal of a specimen of Leptometra celhca (after r. U. Carpenter). 220, Lateral -view of the

centrodorsal of a specimen of Trichometra ^^D.xATOR from the I1aw,ui.vn Islands, 221, Lateral nEW or the

centrodorsal of a specimen of Trichometra aspera from Georgu. 222, Lateral \-iew or the centrodor.sal or a

specimen of Trichometra odscura from southern India. 223, Lateral view of the centrodorsal of a specimen

of .\telecrinus conifer from the Hawaiian Islands. 224, Lateral \nEW of the centrodorsal of a specimen or

Trichometra e.xplicata from the Philippine Islands. 225 Dorsal view or the centrodorsal of a specimen or

Florometra asperrima from Alask.\. 226, Lateral mew of the centrodorsal of a specimen of Florometba

asperrima from Alaska.

In the families Zygometrida? (figs. 83, p. 136, and S4, p. 137), Ilimerometridffi

(figs. 85, p. 139, 86, p. 141, and 1S4-1S6, p. 235), Stephanometridiv, Mariamet-

ridje (fig. 432, p. 349), Colobometridje (fig. 87, p. 143), Troiiioinctrida; (figs. 88,

p. 145, and 303, p. 264), and Calometridffi (fig. 89, p. 147) the centrodorsal is
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(liscoidal, always cirrifcrous, van'injjr from thin to thick, the dorsal ]iole always

somewhat smaller than the base, the slopmg sides slightly convex; the dorsal pole

is usually smooth, sometimes faintly pitted, and is most commordy flat or more

or less concave, less frequently, and usually only in small species, more or less

convex; the cutus sockets are large and crowded, and are arranged in from one

to three of four (but mostly in one or two) alternating rows; the central cavity

of the centrodorsal is comparatively small. In these families the centrodorsal

has reached the same stage of development, and is practically the same throughout

all the species; it furnishes (except in regard to the excavation for the basal rays,

wliich will be explained later) no valid systematic characters; though the number

of rows of cutI, the comparative concavity or convexity of the dorsal pole, and the

occasional markings on its surface are in some cases good specific indices, none of

them can be relied upon. Like the size of the central cavity, the size of the cirrus

sockets, and the proportionate size of the dorsal pole and consequent angle which

the sides make ^vith the base, they are sometimes useful as a supplement to char-

acters exhibited by other structures; but at the best they are uncertain, in respect

to both generic and specific differentiation.

In the Thalassometridffi (figs. 93, p. 153, 94, p. 155, 95, p. 157, 96, 97, p.

159, 187-190, p. 235, 191-198, p. 237, and 199-205, p. 239) and in the Charito-

metridffi (figs. 99, p. 160, and 206, 207, p. 239) the case is quite different; here

the centrodorsal takes on a considerable variety of form and becomes of great

importance, both generically and specifically. In the Thalassometridse the centro-

dorsal is usually rounded-conical, but less than t\vice as liigh as broad at the base,

and the lateral surface is usually separated by more or less pronounced mterradial

ridges into five radial areas, each of which contains usually two, more rarely three,

definite columns of cirrus sockets. The dorsal pole is usually small, and, though

sometimes flat, is usually ornamented in some way, either pitted or thicldy covered

with small tubercles or spines, and the interradial ridges and the inferior margin

are often similarly ornamented.

In Ptilometra (figs. 93, p. 153, and 187, 188, p. 235) the centrodorsal is very

large, thick discoidal, the sides only slightly oblique, the dorsal pole broad and

flat; the cirrus sockets are arranged in two or three crowded alternatuig rows in

one species, while in the other the rows tend to lie directly imtler each other, so

that the cirri are nearly or quite in 15 columns, three to each radial area, though

the radial areas are not in any way marked off, and the columns are closely

crowded against each other.

In Asterometra (figs. 43, p. 77, 94, p. 155, and 189, 190, p. 235) and in Pkro-
metra the centrodorsal varies from long corneal to columnar, being usually cohnnuar
basally with the portion beyond the cirrus sockets conical, the very small i)olar

area vdih five rounded tubercles which are radial in position; the sides are more
or less flattened, and are divided into five radial areas by broad and more or less

deep grooves or furrows, each radial area containing two columns of cirrus sockets

of from two to (rarely) four each, which are separated from eacli other bj' narrower

and less prominent (midradial) grooves than those delimiting the radial areas.

This tjT)e of centrodorsal is essentially like that found in the larger and more spe-
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Fig. 227.

FiQ. 22S.

Figs. 227-2iS.—227, Lateral view of a specimen- of Atopocrin-us sidog^ from the East Ixdies, snowtxo tue basal rats,

TIIE GREATLY REDUCED BA3ALS, AXD THE CONICAL CENTRODORSAL -mTU STRONG INTERRADIAL AND RADLVL RIDGES. 22S,

Lateral ^•IEW of the centrodorsal of a specimen of I's.vtuykometra inusitata fro-m near the I'ostillon Islands,

SHOWKG the CU.\.NGE IN TOE ARRANGEMENT OF TUE CIRRUS SOCKETS FROM ALTERNATING ROWS TO DEFINITE SEGREGATED

COLtJUNS.
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cializcd species of Thahft.tometra (such as T. gigantea) (fig. 203, p. 239), and is the

most perfected derivative from the thalassometrid line of development.

In Thalassometra, Agalaometra, and Horseometra (figs. 195-198, p. 237, and 203,

p. 239) the centrodorsal is comparatively small and conical, wnth the lateral sur-

face di^aded into five radial areas by low rounded ridges, wliich are sometimes sup-

plemented by five similar but smaller ridges in the midradial line; these ridges are

the result of the resorption of the surface of the centrodorsal, which ]irogresses

much faster in the radial areas than in tlie interradial areas, and thus leaves the

latter standing out as more or less prominent ridges; the cirrus sockets are arranged

in 10 (very rarely l.*)) columns of two or three each, these columns being always close

to the interradial ridges and often more or less separated interiorly, possibly as a

result of the suppression of a primitive median column; occasionally a more or less

complete third column is found in this midradial gap. The small dorsal pole is

usually tubercular or fmely spinous, and the interratlial ridges and mferior margin

are also commonly spinous. The central cavity appears large, but when the pro-

l)ortionately small size of the centrodorsal as a whole is taken into consideration

it is found to be in reality relatively small.

Stylometra (figs. 193, 194, p. 237) and Crotalometra have centrodorsals resem-

bluig those of Thalassometra; but that of Stylometra is rather more spinous,

especially at the dorsal pole, than those of any species of Thalassometra, wliile that

of most of the species of Crotalometra is rather larger, smooth, and more definitely

conical, sometimes being more or less columnar basally, like that of Asterometra.

In Stenometra (figs. 191, 192, p. 237) the centrodorsal is small, truncated conical

or more or less columnar, with the interradial ridges usually ver\' strongly developed

and supplemented by radial ridges, which are sometimes verj'' prominent; the cirrus

sockets are arranged in 10 definite and well separate<l columns of two or three each.

Stiremetra (fig. 205, p. 239) has the centrodorsal small, hemispherical or bluntly

conical, the dorsal pole more or less papillose; the cirrus sockets are arranged in

two or three columns of one or two each in each radial area, though the columns

are not especially ililTerentiated.

The centrodorsal of Cosmiometra (fig. 204, p. 239) is essentially lilvc that of

TJialassometra, but it is usually more rounded, the sides maldng a rather greater

angle with each other, and the dorsal pole being proportionately smaller; the ratlial

ridges also not so well marked.

Parametra (figs. 199-202, p. 239) has a proportionately larger and broader, though

lower, centrodorsal than anj'' other genus in the family; it is low hemispherical or

more or less discoidal, with a broad dorsal pole, instead of inclining to conical as

usual. The cirrus sockets show more or less irregularity of arrangement, but are

usually in two rows, and approximately in 10 or 15 columns. Taken as a whole,

the centrodorsal of Parametra is much more like the type prevailing in (he Charito-

metridaj than like that found in the Thalassometridse, and the short, comparatively

stout, cirri help to increase the resemblance.

In the Charitometrida} (figs. 99, p. 160, 100, p. 162, 101, 102, p. 163, and 206, 207,

p. 239) the centrodorsal is broad, and varies from thin discoidal to thick tliscoidal
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Fig. 233. Fig. 234.

Figs. 229-234.-229, Vejjtrai. view of the centbodoksal or a specimen or Comatella nigra from the Philippine Islands.

230, Ventral view of the centeodorsal of a specimen of Comatella stelligera (after r. 11. Carpenter). 231,

Ventral atew of the centrodorsal of a specimen of Nemaster lineata from Br.izil, -vnTii the rosette ani> two

EADLAL3 IN POSITION (AFTER P. H. CARPENTER). 232, VENTRAL ITEW OF THE CENTRODORSAL OF A SPEQMEN OF NEMASTEB

INSOLITUS FROM THE LESSEE ANTILLES. 233, VENTRAL \TEW OF THE CENTRODORSAL OF A SPECIMEN OF NEOCOMATELLA

ALATA FROM CuBA. 234, VENTRAL VIEW OF THE CENTRODORSAL OF A SPECIMEN OF LEPTONEMASTER VENUSTUS FROM IBB

WEST COAST OF FLORIDA.
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or truncated hemispherical. The cirrus sockets are usually somewhat larger than

in the Thalassometritlie, and are arranged in from one to three more or less irregu-

lar rows wliich may be alternating, but usually show more or less of an approach

to a columnar disposition, three columns to each radial area (instead of two as is

mostly the case among the Thalassometridaj) , of which the median may be wantmg

(veiy rarely the two lateral), leaving a broad bare space between the remaining

columns. The dorsal pole is broad and flat and more or less deeply sculptured,

but there is no other ornamentation, except in Crinometra (fig. 206, p. 239), where

the dorsal ])ole, the surface of the centroilorsal between the cirrus sockets, and its

inferior border are usually covered with fine spines or tubercles corresponding in

character with those on the radials. In the cases where definite ratUal areas are

discernable they are delimited merely by more or less broad areas bare of cirrus

sockets, these being in the most extreme cases only slightly more convex than the

remahiLng surface of the centrodorsal, and never rising into prominent ridges as in

the Thalassometridae.

The soneric differentiation shown in the centrodorsals of the Charitometridie is

a useful supplement to determination based upon other characters, though used

alone it is somewhat uncertain. Owing to the proportionately large size of the

centrodorsal (resulting from the comparatively small amount of that surface resorp-

tion which is carried to an extreme in the Thalassometridae) the central cavity is

relatively small.

The large, usually highly spinous or tubercular, centrodorsals in Crinometra,

as well as the more or less definite arrangement of the cirrus sockets upon them,

make the identification of the species of that genus comparatively easy; Paclvj-

Imnetra and Glyptometra (fig. 100, p. 162) have very large and thick centrodorsals,

unornamented, the cirrus sockets arranged as in Crinometra (though showing a

tendency to drop out the central column in each radial area), about of the same

size, and about as numerous; these two genera can not be distinguished from each

other by their centrodorsals; Pcecilometra, CTiariiometra, and Clilorometra (figs. 99,

p. 160, and 207, p. 239) have smaller centrodorsals which are proportionately higher

^\-ith smaller polar areas, approaching a low truncated conical or hemispherical

shape. We have not as yet sufficient knowledge of the component species of these

three genera to determine positively whether or not the ty])e of centrodorsal found in

each is characteristic, though in Chlormnctra one of the species groups has the ciiTUS

sockets in a single column in the center of each radial area as a result of the sup-

pression of the two lateral columns. Strotometra (figs. 101, 102, p. 163) has a thumer

centrodorsal than any of the other genera, and it bears fewer cirri, these being in a

single marginal row.

In the Antedonidffi (figs. 103, p. 165, 104, p. 167, 105, p. 169, 106, p. 171, 107,

p. 173,108,p. 174, 109, p. 175, 110, p. 176, 111, p. 177, 112, p. 179,208-216, p. 241, 217,

219-222, 224-226, p. 243, and 228, p. 245), Atelecrinidae (figs. 123, p. 192, 124, 125,

p. 193, 218, 223, p. 243, 227, p. 245, and 414, p. 319), and Pentametrocrinidaj (figs. 113,

114, p. 181,119, p. 185, 120, p. 187, and 121, p. 189), which together form the suborder

Macrophreata, the centrodorsal is usually very large and deep, and the inner })rox-

imal border is commonly furnished with a well-developed rim extending inward and
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Fig. 235.
Fig. 236.

Fig. 241.
Fig. 242.

- ™„™^r.,M><>.I nr A <!PrriMES OF COMATDJ.l IRIDOUETRIFORMia TROM THE BAH.IMA
Figs. 23^242.-233, VE.NTRAL VIEW OF THE CE-VTROW,^ OP A SPEOMEN^^^^

COM VTU..A PECTI.NATA .ROM SINGAPORE. 237.

DOESAL OF A SPECIMEN OF COMACTINtA ECHDJOPTEKA FEOK COBA.

70140°—Bull. 82—15 17
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diminishing the size of the opening of the central cavity. In some extreme cases, as

in Psatht/rometra (figs. 208-213, p. 241, 2S6, p. 202) or in Aidea-invs (figs. 123, p. 192,

124, 125, p. 193, and 300, p. 264), the centrodorsal is but a tliin shell surrounding the

chambered organ and associated structures, but usually the walls are moderately

thick; in genera containing species in which the centrodorsal is proportionately large

and broad, as IleUometra (figs. 292, 293, p. 263), Solanometra (fig. 295, p. 263), Pro-

machocrinus (fig. 294, p. 263), and Antedon (figs. 280, 281, 283, p. 261), the central

cavity, though in reality relatively as large as in the others, may appear small by

comparison.

In the groups previously treated, all of which belong to the Oligophreata, the

centrodorsal in the adult stage has undergone more or less resorption at the dorsal

pole and along the lateral faces which has resulted, owmg to its hemispherical or

conical shape (the latter a derivation from the more primitive hemispherical shape

by a process of lateral radial resorption), in a progressive proportionate broadening

of the dorsal polo with an elimination of the earlier formed cirrus sockets. New
cirri are only developed between the topmost (proximal) row of cirri present and

the proxunal rim of the centrodorsal, and never, except by regeneration, anj'where

else; hence in these groups wo have lost a valuable aid in tracing out the phylogeny,

for the earlier and more primitive portion of the centrodorsal, and with it the earlier

cirri, has been lost by resorption. There is commonly an incomplete row of cirrus

sockets below those bearmg the typical cirri, which may be more or less obliterated

or may bear cirri with fewer segments than the others; but these less perfect cirri

arc so nearly like the perfect type, or so obviously degenerate, as to furnish no basis

for any phylogenetic speculation.

In the Macrophreata, however, the dorsal tip of the centrodorsal is usually

subject to comparatively little resorption, except in the larger species, and even

there this is rarely vcr}' extensive. Below the rows of perfect adult cirri there are

rows of sockets of diminishing size which may show progressive obliteration, or may
bear cirri of an entirely chflerent character from the more adult, and of a more
primitive tj^ic, these two types being connected by intergradcs of all stages (figs.

310, 311, p. 269). In the adults of the species of Antedon, for instance (though in

this genus there is rather more resorption of the dorsal pole than is usual in the

group), about the dorsal polo there are usually to be found several verj' small cirri,

with all the mature characters but "svith fewer and proportionately longer segments
than the others (figs. 312, 313, p. 271), resembling the cirri seen in the earlier free

stages of the animal which, indeed, they are. It is thus possible to trace in a
single adult Antedon all the progressive changes in the cirri from the earliest to the

perfected type, and it is easy to see that the earliest typo found in Antedon
resembles the adult type in the species of more primitive genera. In Antedon,
however, the difference between these polar cirri (the "small mature cirri" of P. li.

Caqienter) and the adult cirri is comparatively small, as tho cirri do not alter to

any appreciable extent during the whole life of the animal, and the most primitive

cirri are cut off by resorption; but in some of the species of Nanometra (fig. 310,

p. 269) or of Ilathrometm tho polar cirri are only one-fourth the length of the others

and consist of only one-third as many segments, all of which arc very slender and
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elongated, in marked contrast to the conditions found in the other cirri, but quite

similar to the conditions found in the large cirri of species of more primitive genera,

and thus indicating the relationships of superficially very different forms.

W. B. Carpenter, speaking of the development of the centrodorsal in Antedon

bifida, says: "At the beginning of the unattached stage the centrodorsal has the

Fig. 243.

Fig. 244.

Fig. 245.

Fig. 247.

Fig. 246.

FlO. 248. Fig. 249.

Figs. 243-249.-243, Ventkal view of the centkodobsal or a specimen or Comanthus parvicirra from the Philippdje

Islands (after P. n. Carpenter). 244, \'e.n'Teal vxew of the centrodorsal of a specimen of Comantuus PAR^nciRK.<

from the pnilipptxe islands (after p. h. carpenter). 245, ventral \1ew of the centrodorsal of a speauen of

comanthus par\^cikra from the philtppine islands (after p. h. carpenter). 246, ventral view of the centro-

dorsal of a specimen of comaster fruticosus from the philippine islands. 247, v^entral view of the centrodorsal

of a speomen of comanthus par\acmra from the philippine islands (after p. h. carpenter). 248, ventral %tew

of the centrodorsal of -v specimen of comanthus parmcirra from the philippine isl.vnds (after p. u. carpenter).

249, Ventral view of the centrodorsal of a specimen of Comanthus parvicirra from the Philippine Islands (after

P. H. Carpenter).

form of a basin with its lip turned inward; its diameter is about 0.03 inch, and its

height about 0.012 inch. Its basal surface is somewhat depressed in the center,

and here there is for a time distinguishable a minute 5-rayed perforation which

previously formed the communication between the cavity of the basin and the
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central canal that is still left in the upper segments (at least) of the stem. This

perforation, however, is yctv soon closed up by an extension of the calcareous net-

work, so that no trace of it remains visible externally. Around the stellate aper-

ture is seen a circular series of five sockets for the articulation of the dorsal cirri,

each of them having a pore in its center which is usually at the summit of a minute

elevation. This pt)re gives passage to a sarcodic thread which proceeds from the

sarcodic axis contained within the cavity of the basin, and runs along the central

canal of the cirrus to its termination. A second series of sockets, alternating in

position with the first, is seen nearer the upper margin of the basin. This margin,

when viewed from above, is somewhat pentagonal; but the opening left by the

inversion of the lip is nearly circular. Throughout the whole period of growth the

increase of the centrodorsal takes place at a greater rate than that of any other

part of the skeleton, so that it soon comes to pass beyond the circlet of basals and

to abut on the proximal edge of the radials; instead of stopping here it continues

to increase in diameter until it conceals the whole inferior surface of the radials,

sometimes encroachuig on the first primibrachs. The increase in size from a diam-

eter of 0.05 inch to 0.16 inch, vnth a corresponding augmentation of its central

cavity is brought about by a continuous deposit of new material on the external

surface and a continual removal of old material from the internal surface. With

this general augmentation in size there is an increase both in the number of sockets

for the articulation of the doi-sal cirri and in the size of the individual sockets, and

there is also a marked change in their disposition. I [Cai-penter] have not been

able to satisfy myself that after the development of the fii-st two whorls, each con-

sisting of five cirri, any similar regularity is obsei-vable in their subsequent multi-

phcation; but since the real oi-igin of each cirrus is in a peduncle of sarcodic sub-

stance put forth from the central axis in the cavity of the centrodorsal basin, and

since the arrangement of the whole aggregate of such peduncles is distinctly verticil-

late, the want of a definite plan in the grouping of the cirri on the external surface

of that plate seems attributable to their very close apposition. The new cirri

always make their appearance between those previously formed and the base of

the calyTi:, so that their sockets are close to the margin of the basin. The increase

of the cirri in diameter is by no means proportional to the increase in di-

ameter of the centrodoreal, so that not only is space made on its surface for the

augmentation in the number of their sockets from 10 to between 30 and 40,

but a vacancy gradually comes to be left in the central part of the exterior of the

basin which extends with its growth and finally comes to bear a considerable

proportion to its diameter. This vacancj" can not be accounted for solely by
the widemng out of the innermost circle of sockets by the general growth of the

basin; it is principally due to a progressive loss of the first-formed cirri from within

outward, and the fiUing up of their sockets with new deposit, concurrently with the

formation of new cirri about the margin. Thus it appears that the total number
of cirri developed during the fife of any individual Antedon considerably exceeds

that %vilh which we meet at any one epoch."
In the Ohgophreata the cirri are tenacious, and are seldom to any cxtenl lost

by the process of capture, no matter how rough the treatment accorded them may
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Fig. 250. FlO. 251.

Fig. 253.

Fig. 252.

FlO. 255.

Fig. 234.

Figs 250-255 --so Venieu. ™w of the cekthodoes-vl of a srEaMEN of Eotiockdois ornatus from the -^-^
IS^^' 25'l VeNTI^^-IEW of the CEXTRODOR.SAL OF A SPEOMEK OF CaTOPTOMETRA HARTLArEI FROM SOrTHWESTERK

JST 25? VE^^rT^^EW ^FtL CENTR0I>0BS,.L of a specimen OF ZTGOMETRA COMATA FROM SLNOAPORE. 25,1. V ENTRAL
Japan. 2o2, \ entral \aEw

°^J'^ Heieromete-v quisduplicava from the Piiiuppine Islands (after I'. II.

VIEWOFTHECENTRODORSALOF^SrEaM^
^^ niMEROMETRA MARTE.V.I FROM SINGAPORE.

™^Ti; ^^^F^r^EirooTRlA^ot: SPECIMEN OF CRASPEOOMETRA ACUTICIRRA FROM TUE ..N.AMAN IS..A^.
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have been; specimens of species of Comastciidse or Tlialassomelridse, as well as of

Ilimeromolridffi or Colobomctridse, may be recovered from a mass of laval or coral

detritus wliicli has Ijccn tiirn<"d over and over in the dredge, and vet have practicall}^

all the cirri intact. This is the more remarkable in the Thalassometridai, in which

family the sometimes enormously long cirri are often very slender. But in the

Macrojihreata the cirri are deciduous and, besides, very brittle, so that it is very

diflicult in many cases to recover any of them at all. This is the more unfortunate,

as the presence of the smaller apical cirri is such anomalous genera as PsatJiyro-

metra, Zenometra, Atupocrinus and Atclecrinus would give us a valuable clue to

their systematic affinities.

There is a great diiference in the facility with which cirri are lost in different

genera, aiid this is always correlated with a corresponding facility of fracture in

the brachial syzygies. As a general rule the genera in which there is the most

resorption of the dorsal pole and the most proportionate increase in the thickness

of the widls of the centrodorsal have the most tenacious cirri; but this is to be

expected, since these genera, by these very characters, show the greatest approach

to the Oligophreata. Large species are less likely to lose their cirri easily than

smaller ones in the same genera, and in the same species large specimens are usually

more nearly perfect than smaller ones; but here again the large species or the large

specimens lake on certain oligophreate characters. The very small species, again,

are less liable to lose the ciiTi than the others on account of the immunity conferred

by their size.

Of all the macrophreate comatulids the species belonging to the subfamily

Antcdoninai are the least liable to loss of cirri, with the species of Peroraetrinse a

more or less close second. The species of Bathymetrinse usually have at least some
of the cirri present, jilthough they are quite unknown in one of the species of Bathy-

metra. In the species of Ileliometrmse cirri are rarely founil m place; so far as I

have seen, when taken under ordinary conditions, not more than one in five or six

hundred specimens of the species of Solanometra, Heliometra, or of Ilaihrometra have

any cirri at all, and I have never seen a single specimen of any species of any one of the

three genera with the cirri perfect, although I have examined probably at least 50,000

;

Promacliocrinus agrees with Ildiometra in this respect, as would be expected, but

the <'irri of Isometra and of TricJiometra appear to be somewhat more tenacious,

though the cirri of several species of the latter genus are as yet unknown. This

apparent tenacity may, however, be tlue m part to the fact that these genera com-
monly inhabit softer bottom. The Thysanometrinse are, as a whole, like the Ileho-

metrina?, though none of them retain the cirri so well as Trichometra; the cirri of

one of the species of Iridometra are unlaiown. In the Zenometrina^, Atelecrinidaj and
Pentametrocrinidaj specimens retaining even the basal segments of the cirri are

very rare, so that we are quite ignorant of their structure in half of all the known
species, including three entire genera. Of the seven genera, in only two, contauiing

two spetics each, are the cirri adequately xuiderstood.

It is a fortunate circumstance that in two of these three groups with very

deciduous cirri the c'cntrodorsal is of the highest systematic value, presenting much
more important characters than the cirii.
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Fig. 256. Fig. 257.

Fig. 258.

Fig. 200. Fio. 2iU.

Figs. 250-2i;i.—236, Ventral view of the centrodor.sal of a specimen of Ampiiimetra ensifer from Singapore. 237.

Ventral \aEw of the centrodorsal of a specimen of Hetekometka reynaudu from Cei-lon. 238, Ventral view

of the centrodorsal of a SPECISIEN of AMPliniETRA PUIUIIERTI FROM TIIE ANDAMAN ISLANDS. 259, \'ENTRAL VIEW

OF THE CENTRODORSAL OF A SPECIMEN OF LaMPROMETRA PROTECTUS FROM CE-»-L0N. 260, VENTRAL VIEW OF TIIE CENTRO-

DORSAL OF A SPECIMEN OF MaBUMETRA SUBCARINATA FROM SOUTHERN JAPAN. 261, VENTRAL VIEW OF THE CENTRODORSAL

OF A SPECIMEN OF I'ONTIOMETRA ANDERSONI FROM SINGAPORE.
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Tho cirri nre arranged hi more or loss crowded all<'niatiiig rows in all the

macropkrcate genera except in those included in the subfamily Zenometruia! (figs.

109, p. 175, 110, p. 176, 111, p. 177, 208-216, p. 241, 228, p. 245, and 558, pi. 5), in

Atopociimis (fig. 227, p. 245), and in AtelecAnus (figs. 123, p. 192, 124, 125, p. 193,

218, 223, p. 243, 414, p. 319, and 573, 574, pi. S), where they are arranged in col-

umns. These six genera, therefore, are at once distinguishable from all other

comatulid genera by a glance at the centrodorsal. Moreover, they arc at once dis-

tinguishable among themselves; m Atelecrlnus (figs. 123, p. 192, 124, 125, p. 193,

218, 223, p. 243, 414, p. 319, and 573, 574, pi. 8) the cirrus sockets are bounded
laterally, or laterally and ventrally, by a strong horseshoe-shaped ridge, or by high

lateral ridges, whereas in the other genera they are mere undifferentiated pits iti the

general surface of the centrodorsal; there are 10 or 15 very definite columns of cirrus

sockets, but the surface of the centrodorsal is not marked off into radial areas.

This is tho case also in Lcptometra (figs. Ill, p. 177, and 219, p. 243) and ixi Adelo-

metra, but in the former they are entirely separated from each other, while in the

latter they arc closely crowded.

In Atopocrinus (fig. 227, p. 245) the centrodorsal is very long and sharply

conical and is divided into 10 narrow cirriferous areas by five high serrate intci'-

radial and five smaller similarlj' serrate midradial ridges. Each cirrus socket

projects strongly over tho proximal portion of the one just below it and jiossosses

strong fulcral ridges which are not found in the cirrus sockets of the species of

ZenomctrinsE (figs. 109, p. 175, 110, p. 176, 111, p. 177, 208-216, p. 241, 228, p. 245,

and 558, pi. 5).

In Balanometra, Zenometra (figs. 109, p. 175, 214-216, p. 241, and 558, pi. 5) and
PKatliyromdra (figs. 110, p. 17G, 208-213, p. 241, and 22S, p. 245) the centrodorsal is

divided into five radial areas by strongly developed ridges, furrows, or broad bare

areas. In Balanometra and in the Atlantic species of Zenometra (figs. 215, 216,

p. 241, and 558, pi. 5) there are 10 columns of cirrus sockets, two in each radial

area; Balanometra has tho radial areas marked off by broad furrows, and the two

colunms of cirrus sockets in each radial area more or less widely separated,

whereas in the Atlantic species of Zenometra the radial areas are delimited by
strong ridges, and tho two columns of cirrus sockets in each radial area are close

together. In the Pacific species of Zenometra (figs. 109, p. 175, and 214, p. 241)

and in Psathyrometra there are three or four columns of cirrus sockets in each

radial area, these radial areas being marked off by bare spaces not raised above

the general surface of the centrodorsal. In Zevx)metra triserialis the distal portion

of tho centrodorsal is tliickly covt^red with spines, while the three equal {oluinns

of cii'cular cirrus sockets in each radial area are closel}* crowded. In Psathyro-

metra the dorsal pole of the centrodorsal is smooth, and the cirrus sockets are

arranged in tlu-ee or four columns in each radial area; they arc usually more or

less separated, and each cirrus socket is correspondingly soparat<!d from its neigh-

bors in the same column. If there arc three columns in each radial area, the

median column tends to bo deficient, tho outer columns converguig and meeting

beyond it. In one species this middle column is reduced to a single socket. If the

columns of cirrus sockets are crowded, the sockets become dorsoventrally elongate.
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Indeed, they are never so comi^letely circular as are those of Zenometra. As an

additional character it may be mentioned that the centrodorsal of Fsatliyrometra is

always proportionately shorter and nioro regularly conical than that of Zenometra.

Fig. 262.

Fig. 203.

Fig. 2G4.

FiQ. 205. Fig- ^f*-

Figs. 262-266.—262, Ventral view of the centrodorsal of a specmen of Cvllometea disciformis from hie Ki Islands

(AFTER P. H. CARPENIEK). 203, VENTRAL VIEIV OF THE CENTRODORS.VL OP A SPECIMEN OF NEOMETEA MULTICOLOR FROU

souihekn Japan. 264, Ventral view of tue centrodorsal of a specimen of Tropiometra carinata (after P. H.

Carpenter). 205, Ventral view of the centrodorsal of a specbien of Tropiometra indica from Cevlon. 266,

Ventral view of the centrodoesal of a suc-r.iyed specimen of Tropiometra picta from Rio de Janeiro

In the genera in -which the cirrus sockets are arranged in alternating rows,

with no division into radial areas, generic and sometimes also specific characters

may be found (1) in the general shape, which varies from low hemispherical to
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lono' rounded conical; (2) in tho number of the cirrus sockets, which varies from

15 to 100 or more; (3) in the proportionate size of tho cutus sockets; and (4) in

their mutual arrangement and regularity, whether or not they are more or less

scattered and somewhat h-regidar or very closely crowded and regular. The

proportionate size of tho cirrus sockets is most conveniently judged from the

number which lio in a single row under each radial.

The relationship of tho chief t^-pes of centrodorsal to the larger systematic

groups is briefly showTi in the following table:

A. The primitive type of centrodorsal.

B. Thick discoidal or columnar centrodorsals, tending to become more or

less conical; the cirrus sockets aro in columns, three or more to each radial area,

but tho radial areas are not marked off from each other.

C. Columnar or conical centrodorsals, with the surface distinctly marked off

into radial areas; the cirrus sockets aro in three columns in each radial area.

D. Columnar or conical centrodorsals, much reduced in size; the surface is

sharply differentiatod into radial areas, the cirrus sockets aro in two columns in

each radial area.

Comastcridae, Zygometridse, Himerometridaj, Stophanometridse, Mariametridae,

Colobometridse, Tropiometridse, Calometridse, Pentametrocrinidae. -A

ThalassometridjB (greatest emphasis at D) B-D
Charitometridic (greatest emphasis at B-C) A-C
Antcdonida?, (greatest emphasis at A) A-D
Atelecrinidas C-D

Cirri.

Tho cirri—which among the comatulids aro organs of the very greatest impor-

tance in serxdng to attach the animals to tho sea bottom or to various organisms on

the sea bottom, and thus to hold them fast, enabhng them to withstand tho influ-

ence of tho motion of the water and of the movement of active animals in the

immediate vicinity, such as fish, which would tend to wrench them from their

position, and at the same time to keep them in a definite more or less upright

attitude, so as to insure a regular supply of food—in this group assume the most

extraordinary diversity of form and size, more or less in correlation with wide

differences in habit, and furnish data of the very greatest importance from tho

systematic standpoint.

Comatulids living among abundant arborescent growtlis wliicli are flexible or

semirigid, such as hydroids and gorgonians, tend to develop short stout curi with

comparatively short more or less subequal segments which are capable of a great

amount of dorsoventral ilexion (figs. 306, 307, p. 265); such cirri aro sceji, iu a more
or less perfected form, in part or all of the species of the genera Comissia, Comatulella,

Comactinia, Comaster, Comantlxus, Zygometra, Evdiocrinus, Catoi)tometra, Amphi-
metra, Dichrometra, Liparometra, Lamprometra, Cenometra, Cyllometra, Decametra,

Prometra, Oligometra, Tropiometra, Neometra, Pectinometra, various genera of Chaiito-

metridsB and of Antedoninae, Pentametrocrinus and Atelecnnus.
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Fig. 272. Flo. 273.

Fias. 207-273.—267, Ventral view of tue centrodorsvl of a sPEcniES of Ptilomeira hOlleri from Sydney, New South
Wales. 2a8, Ventral view of tue cestrodorsal of a specimen of Astebometra macropoda from southwestern
Japan. 209, Ventral view of the centrodorsal of a specimen of Stesometra quinquecostata from the Ki Islands

(AFTER p. H. Carpenter). 270, Ventral view of the centrodorsal of a specimen of Parametra orion from southern
J.vPAN. 271, Ventral view of the centrodorsal of a specimen of Ptilometra mOlleri from Australia (after P. 11.

Carpenter). 272, Ventral view of the centrodorsal of a specimen of Thalassometra villosa from the western
Aleutian Islands. 273, Ventral view of the centeodors.vl of a specimen of Stylometra spinifera from Cuba.
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Fig. 275.

Fig. 274.

Fig. 277.

Fig. 2TC.

Fig. 278. Fig. 2

FlQS. 27-1-279.—27J, VENTRAL VIEW OF THE CENTKODOESAI. OP A SPECIMEN OF PACIIYLOMETRA IN.EQUAIJS FROM THE KeRMADEC
ISL.VNII3 (AFTER P. H. CARPENTER). 275, VENTRAL VIEW OF TUE CENTUODORSAL OF A SPECIMEN OF PACHTLOMETRA ANGUSTI-

CALVX FROM THE MeANGIS I.SLANDS (AFTER P. 11. CARPENTER). 270, VENTRAL VIEAV OF THE CENTRODORSAL OF A SPECIMEN
OF Crinometra concinna from Cuba. 277, Ventral view of the centrodorsal of a specimen of PtEciLOMEniA ac<ela

FROM THE MeANOIS IsL-VNDS (AITER P. II. CARPENTER). 27S, VENTRAL VIEW OF THE CENTROllORSAL OF A SPECIMEN OF

CILARITOMETRA INCISA FROM THE KERMAUEC ISLANDS (AFTER P. II. CARPENTER). 279, VENTRAL VIEW OF THE CENTRODORSAL
OF A SPEQMEN OF CUARITOMETRA BASICURVA FROM TUE KeRMADEC ISLANDS (AFTER P. H. CARPENTER).
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Fig. 280.

Fig. 2S3.

Fig. 2S2.

Fig. K4. Fig. 2S5.

FlQS 280-''S5 -280 VENTR IL VIEW OF THE CENIKODORS.VI. OF A SPECIMEK OF AXTEDON PETASVS FROM NORWAT. 281, VENTRAL

TIEW OF THE CENTEODORSAL OF A SPECIMEN OF ANTEDOX MEDITERRANEA FROM NAPLES. 282, VENTRAL VIEW OF THE CENTRO-

DORSAL OF A SPECIMEN OF COMPSOMETEA LOVE.VI FROM PORT JaCKSON, NEW SoCTH WALES. 2s3, VENTRAL VIEW OF THE

CENTEODORSAL OF A SPECIMEN OF .\NTEDON BIFn)A (AFTER P. H. CARPENTER). 2S4, VENTRAL VIEW OF THE CENTR0DOES..L

OF A SPECIMEN OF COCCOMETRA HAGEXH FROM FLORmA. 285, VENTRAL VIEW OF THE CENTRODOESAL OF A SPECIMEN OF

THTSANOMETEA TENELLOIDES FROM SOUTHERN J.IPAN.
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Fig. 287.

Fig. 2S6.

Fig. 288. Fig. 289.

Fig. 290.

Fig. 2<j1.

M^ '''^^ "^ '"'^ CENTB0D0R3AL OF A .SPECIMEN OF PSATnYBOMETRA FRAGILIS FBOM NORTHERN JaPVN.
«., ENTRAL VIEW OF TUE CENTRODORSAL OF A SPECIMEN OF LePTOMETRA CELTICA (AFTER P. H. CARPENTER). 2S.S, \EN-TRAL VIEW OF THE CENTRODOBSAL OF A SPECIMEN OF ERYTIIROMETRA RUBER FROM SOUTHWESTERN JaI'AN. 289. VENTRALVIEW OF THE CENIROUORSALOFASPECTMEN OF PeROMETRA DIOMEDE.E FROM SOUTHERN JAPAN. 290. VENTRAL VIEW OFTHE CENTRODOR3AL OF A SPECIMEN OF UaTUROMETRA I.ENTAIA FROM SOUTHERN MASSACHUSETTS. 291, VENTRAL VIEW OFTUE CENTBODOR3AL OF A SPECIMEN OF TBICHOMETBA ASPERA FROM GEORGIA
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Fig 292.

FiQ. 293.

Fig. 294. Fig. 295.

Fig. 297.

FlOS. 292-297.-292, VENTRAL VIEW OF THE CENTR0D0R9AL OF A SPECIMEN OF HEUOUETRA 0LACIALI3 (AFTER P. H. CARPENTER).

293, Ventral view of the centeodorsal of a specimen of Heuometea glacialis (after P. H. Carpenter). 294, Ven-
tral VIEW OF the CONTRODOESAL OF A SPECIMEN OF PEOMACHOCRINUS KERGUELENSI3 FROM KERGUELEN ISL.VND (AFTER

P. H. Carpenter). 295, Ventral view of the controdorsal of a specimen of Solanometra Antarctica from Heard
Island (after P. H. Carpenter). 29<i, Ventral view of the centrodorsal of a .specimen of Klorometra perpi.kxa

FRO.M British Columbu. 297, Ventral view of the centrodorsal of a specimen of Florometra asperruia from
Alaska.
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A rocky bottom, or a bottom covered with highly calcareous organisms such

as calcareous algse, corals or lithothamnion, tends to induce the development of

very long and very stout cirri which, tliough flexible distally, are comparatively

Fig. 299.

Fig. 301.

Fig. 300. Fig. 302.

FiG. 303. Fig. 304. Fig. 303.

FiO.S. 298-305.—298, Ventral view of the centrodorsal of a specimen of Tiiaumatometra tenuis from tee Sea of Jaf.in.

299, Ventral VIEW OF tue centrodorsal of a specimen of Pentametrocrinvs japonicus from southern Jap.ix.

300, Ventral view of tue centrodorsal of a spectmen of Atelecrinus bal-vnoides (.vfter P. II. Carpenter). 301,

Lateral view of the centrodorsal of a specimen fiF Nemaster lineata from Brazil, witu the rosette and two
RADULS IN POSITION (AFTER P. II. CARPENTER). 303, VENTRAL VIEW OF THE CENTRODORSAL OF A SPECIMEN OF TlIAUlIA-

TOCRINC3 RENOVATUS (AFTER P. H. CARPENTER). 303, LATERAL VIEW OF THE CENTRODORSAL, AND THE RADIAL PENT.l-

CON WITH TWO RADULS REMOVED, OF A SPECIMEN OF TBOPIOMETRA PICTA (AFTER P. H. CARPENTER). 304. \"ENTRAL VIEW
OF TUE RADIAL PENTAGON OF A SPECIMEN OF TROPIOMETRA PICTA; ONE OF THE R-VSAL RAYS (THE ANTERIOR IN THE FIGURE)

UAS BEEN REMOVED (AFTER P. IL CARPENTER). 305, THREE UNITED RADIALS FROM A SPECIMEN OF CoMATUI.A ROTALARIA,

VIEWED FROM TBE INTERIOR OF THE CALYX (AFTER P. H. CARPENTER).

rigid proximally (fig. 309, p. 267) ; such cirri, most perfected in the species of Thalas-

sometridfc, are more or less characteristic of some or all of the species of NemasUr,

Cai/illaster, Coinanthus, Ilimerometra, Heterometra, Oxijmetra, Pontiometra, Dichro-
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metra, Mariameira, Colohometra, Calometra, and the genera of the Perometrinse and
of tlie Zenometrina\

A muddy bottom induces a great lengtliening and straighteiiing of the cirri

as a whole, correlated with a lengthening of all the component segments, so that

the cin-i collectively come to form a circular base supporting the animal after the

Fig. 306.

Kiu. 307.

Figs. 306-307.—306, Diagram showikg the relative size and frequency or the arms and cirri in CoMAcmnA echdjop-

tera; the cirri are short, and strong and are ad.vpted for grasping arborescent marine organisms. 307,

Diagram showing the rel-ative size and frequency of the arms and cirri is rENTAMETRorBiNVS tuberculatts;

THE CIRRI are SHORT AND NITMEROUS AND ARE ADAPTED FOR GRASPING MARINE ORGANISMS.

fashion of a snowshoe (fig. SOS, p. 267); this is carried to an extreme hi some or

all of the species of TlMumaiocnnus, Pentametrocrinus, Atclecrinus, Compsometra,

Iridometra, Leptometra, Psaihi/rometra, Thysanometra, Coccometra, Craspcdometra,

and Eudwcrinus; while the tendency is strongly e^ndent in Capilhster graciUcirra,

C. tenuicirra, Comatula tenuicirra, Comaster sihogw, AmpVimetra pro]nngua, Oxy-

metra tenuicirra and Dichrometra tenuicirra, all of which are very close to other

-9146°—Bull. 82—15 18
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species with much shorter cirri which are stouter and composed of much shorter

sogiucnts, Capillastcr scniosa, C. multiradiata , Comatula purjmrea, Comaster fruii-

C09US, Amphimetra produda, Oxymetra finschii and Dichrometra JlageUata.

Gravelly bottoms tend to induce a type of cirrus which is more or less inter-

mediate between the rocky and muddj^ bottom types, and is illustrated by the

cirri of the species of Promachocrinus, Heliometra, Antliometra, Florometra and

Solanometra.

As a general rule species living on muddy bottoms have extremely fragile

cirri wliich drop off at the slightest touch; the cirri of the species living on gravel

bottoms are almost as delicate; but the cirri of the species which live attached

to inorganic masses or to the morganic rigid skeletons of marine growths, and

especially the cirri of the species which live attached to flexible marine growths,

arc very tenacious.

On the basis of a broad average it may be stated that the littoral species have

the most tenacious cirri, while the cirri of the deep-water forms are the most fragile.

Though the cirri are ordinarily employed solely as organs of prehension, they

arc capable of use as swmimuig organs, for the young of Iridomctra nana has been

observed to float through the water with motionless extended arms, propeUed by

the very rapid movements of the cirri.

The Innatantes, bemg pelagic and not having developed stems, never possess

cirri at any stage. In the Oligophreata and in the Macroplireata, however, cirri

are invariably present, in the latter always throughout life, and in the former

usually througliout life but invariably in the young, the family Comasteridae

only contauiing species lacking cirri when adult, though the majority of its species

are provided with them. In the genus Capilhsfer alone of the nine genera of the

CapiUastermte a species is found which loses its cirri when adult, these organs bemg
very higlily developed in the other six species included in that genus; in the Com-
actiniinsE ComatuleJla, Comatulides and Comactinia always have strongly developed

cirri, but four of the nine species of Comatula have no cirri when fuUy grown, while

they are normally greatly reduced in number in one, and occasionally quite absent

in very large specimens of another, of the remaining four. In young examples of

these four forms which more or less normaUy lack the cirri, however, they are

comparatively large and stout. In both the genera of the Comasterinse the cirri

are frequently absent, either as a specific character or through individual A-ariation,

and in some of the species they appear to be lost at a very early age. All grada-

tions are observable between such fonus as Comaster typica and Comantheria pohjc-

nemis in which the centrodorsal is typically exccedmgly reduced and sharply

stellate, countereunk to or even below the level of the radijils, with never the

slightest trace of cirr'', and such forms as Comaster multihrachiata and Comanthus

hennetti in which the cirri are extraordinarily large, stout, numerous, and well

developed; some species, like ComantJms annulata, usually possessing cirri but

occasionally being found without them; others, like Comanthina schlegelii or Comaster

belli, usually lacking cirri but sometunes occurring with from one or two to as many
as twenty, wliich are largo and show no trace whatever of degeneration, still

remaining.
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Fig. 30S.

Fig. 309.

Figs. 308-309.—30S, Dlvgram snovpiso the reuttie size and frequenct of the arms and orri in Pkntametrocrintjs

VARIANS; THE CIRRI ARE NUMEROUS, VERY LONG, AND BUT SLIGHTLY CURVED, AND SERVE TO FORM A CIRCULAR MAT BY

WHICH THE ANIMAL 13 SUPPORTED ON SOFT OOZE. 309, DIAGRAM SHOWING THE REHTH'E SIZE AND FREQUENCY OF THE ARMS

AND CIRRI IN ASTEROUETRA MACROPODA; THE CIRRI ARE FEW, VERY LONG, STOUT, AND SPINOUS DORSALLY, ADAPTED FOR

CLINGING TO A VERY ROUGH HARD SURFACE.
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It is interesting to note that the species lacking cirri when adult are confined

to tiie East Indian region (extending westward to Cej-lon) and to northern Australia,

while within this circumscribed area this feature is much more developed along the

Australian coasts then elsewhere. This is a fact of very great importance, as will

be explamed under General Conclusions.

The proportionate length of the cirri varies enormously; in some species of

Oligomeira, in Antedon i^gs. 103, p. 165, 104, p. 167, 105, p. 169, and 106, p. 171), and

in Mastigometra, as well as in Comactinia (fig. 76, p. 129), they attain to only a very

small percentage of the arm length; they are here, however, stout and well adapted

for firmlj' fixing the comparatively slender and attenuated animals ; in such genera

as Ptilometra (fig. 93, p. 153), Pterometra, and Asterometra (fig. 94, p. 155) and their

near relatives they attain a most extraordinary size, in Asterometra macropoda (fig.

94, p. 155) and in A. magnipeda being longer than the arms, sometimes as much as

one-fifth longer, and very stout. Generally speaking, the cirri are, on the average,

one-fourth or one-fifth of the arm length, as in the closely related stalked species

of the family Pentacrinitidte.

The number of component ossicles in the cirri varies as much as the length;

while there may be in certain species not more than 6 or 8 (fig. 76, p. 129), and very

often not more than 15, in Asterometra macropoda and in A. magnipeda there may
be as many as 120 or even more (fig. 94, p. 155).

Fundamentally the cirri are simply somatic outgrowths from the body wall

normally ( as is indicated by their occurrence singly on nodal columnals) one to each

somatic division of the body. They are strictly comparable to the lateral somatic

outgrowths along the sides of the body in the arthropods, though they have become

so altered as to have lost almost all resemblance to the ancestral type.

In the arthropods these lateral body processes occur normally in a lateral or

ventrolateral fine, and are commonly double, arranged in two series, one above the

other; they occur in the mid-line of each segment.

In the crinoids the cirri are dorsal, arranged in a circle of small diameter about

the extreme dorsal apex of the animal, and are normally single, though they may
be doubled or still further reduplicated. In the so-called monocycHc forms, con-

fined to the earlier horizons, they are interradial or midsomatic; in the comatuhds
and in the pentacrinites they are always intersomatic, occurring in the radial areas

of the dorsal apex of the body.

The anomalous position of the crinoid cirri, which are confined to the dorsal

apex of the animal, is easily accounted for. The cirri represent the dorsal row of

lateral processes in the articulates, while the coronal plates, as previously explained,

represent the ventral; the crinoid arms originated from a third row of similar body
processes which was essentially a dupUcation of the second, while the orals i-epresent

a fourth, which again was a duplication of the third.

If the crinoid cirri are true somatic processes they would naturally be expected

always to be interradial or midsomatic in position. But such is the case only in

the fossil so-called monocyclic forms. In all the recent types in which cirri occur

they are radial or intersomatic in position.
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This, however, is susceptible of ready explanation. In the comatulids and
pentacrinites the infrabasals have entirely lost their primitive character as impor-

tant calyx plates forming an important part of the body wall, and have become
entirely negligible constituents of the calcareous structure of the organism. In the

comatuhds, when they are present at all, after their first appearance they soon fuse

with the proximale to form the centrodorsal, and in the pentacrinites they form merely

an insignificant circlet of minute plates within the inner ends of the basals. In the

ancestors of these groups they were large and important constituents of the calyx,

sp important, in fact, that as a result of their apical situation they controlled the

Figs, 310-3U.—310, The arm bases, centrodoksal and aEW op a speomen of Nakometba boweksi pbom sournwESTERN

JaPAK, n-LUSTRATING THE VARIOUS TYPES OF ORRI. 311, ClRRl FROM A SPEaMEN OF FLOBOMETRA UARIiE FROM SOUTHERN

Japan: (o) a peripheral and (6) A subapical aRRUs.

orientation of the columnals which, originating as rings just beneath the infra-

basals, were not able to maintain their primitive circular shape through uniform

accretion aU around the edges, but were forced to delay their radial growtli beneath

the convex dorsal surface of the infrabasals, while extending themselves with great

rapidity interradially in the slight depressions over the sutures between them. At

the same time the encroachment of the infrabasals upon the dorsal openmg m the

calyx caused the lumen of the growing column to become more or less pentagonal

m outline, its angles coinciding with the outer angles of the columnals, so that there

was formed a strongly pentagonal ct)lumn with a more or less pentagonal central
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lumen, the angles both of the calcareous portion of the column and of the lumen

being directed interrudially.

Such a column presents five radii of maximum density (directed interradially)

and five radii of minimum density (directed radially). Each columnal attains a

very strongly stellate shape wth a very great difTerence between these two series of

radii before the cirri begin to develop. It is thus onl}' natural that the cirri should

pierce the column by the path of least resistance and should reach the exterior by

the shortest route, emerging radially instead of interradially.

Apparently this distortion of the column became permanently fixed in the crinoid

phylogeny before the inception of the degeneration of the infrabasals which we see

carried to an extreme in the pentacrinitcs, and especially in the comatulids, so that

in these groups it remained in its secondary condition without reverting to the

original form.

We have already seen (p. 142) that the sjaumetry of the dorsal skeletal sj'-stem

and of the dorsal nerves does not correspond with that of the ventral radial struc-

tures, for the mid-somatic dorsal structures are interradial and the mid-somatic

ventral structures are radial, the two sets having swung aj)art so that their respec-

tive mid-somatic axes differ in direction by 36°; in other words, a torsion has

been introduced into the ontogeny so that in the adults mid-somatic ventral struc-

tures ho directly above the intersomatic dorsal divisions. Remembering this it

does not occasion any surprise to find in the so-called dicyclic species (for example

in the pontacrinites and in the comatuhds) a second torsion so that the cirri and

the originally mid-somatic structures of the column, instead of maintaining the

same orientation as regards the calyx as they do in the monocyclic forms, have

become shifted through an arc of 36° and have thus come to he directly beneath

the niidsoraatic axes of the ventral portion of the animal. Many of the hydroids,

alcyonariaiis and bryozoans which have adopted a plant-like habit of growth have

corrolatively also adopted to a greater or lesser extent a spiral arrangement of

their zooids upon the central rachis which is strictly comparable to the spiral

arrangement of loaves upon the stem of a plant, for the economic factors governing

the arrangement of leaves are quite parallel to those determining the arrangement

of the zooids. The s])iral swing through an arc of 72° assumed by the dicyclic

crinoids, in two stej)s of 36° each, is the logical result of the possibihty of plant-

like accommodation by these plant-like organisms to meet any exigency, internal

or external, which may arise in the course of their phylogenotic develo])nient.

Cirri only occur in the crinoids in which group, like the central or suranal plate

among the echinoids, they are by no means of universal occurrence, but are found

only in the more specialized, and mostly in the later, tj'pes; even in groups in

which they are normaUy present they may be abruptly suppressed, as in the

Innatantes and in the adults of many comasterids.

Their occurrence or non-occurrence usually is of great systematic interest, but

too much weight altogether has been placed upon it; we have seen how Ln a number,

of the Comasteridse they may be only developed Ln the young and entirely suppressed

later; in other generathey do not appear at all until vcrv late in life, as in Proisocrinus

(fig. 128, p. 199).
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It is a matter of great interest that where cirri occur they are definitely seg-

mented, and also appear in defmitely localized positions, just like the limbs of the

arthropods taken as a whole, to which, as structures, they are allied. They also

resemble the limbs of arthropods m being specialized anteriorly, though the proximal

FlO. 312.

^^^^^^^^^^CJ^^^

F,r, -ilMW -312 Cirri from a specimen or Aniedon difida from England (camera lucida drawing by the actboe).

3.1 mRi^ROMTsPECmK/o^ MEDTERRANEA FROM NAFLES (CAMERA LUODA DRAWING BV THE AUTHOR,

cirri do not diflfer much from the distal and earlier; it is possible, however, to regard

the elongate marginal cirri which never assume the adult characters, such as are seen

m the species oUIeliometra,Pro>mchocrinus, Anthometra, Fhrometra or Solarwmetra

for mstance, as tactUe organs, distantly suggesting the antennae of the arthropods.
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The individual ossicles of the cirri are formed as a result of the segmentation and

solidification, and simultaneous division, of a primitive uniform spicular calcareous

mvestment of the cirri.

The ossicles of the cirri are therefore precisely similar to the pinnulars beyond

the second in their origin, and quite different from the primary plates of the calyx

as well as from the brachials.

Thus it is that the length of the cirrus segments is strictly inversely proportionate

to the amount of motion to be accommodated between them, a correlation which

is not observable in the series of brachials where, on the contrary, the most motion

is permitted between the longest (distalmost) ossicles.

Morphologically the first two segments of the pinnules are merely atrophied

brachials, wliilo the remaining portion of the pinnules, including the third and

succeeding segments, is merely a tentacular process exactly comparable to the

cirri, but carr\nng ambulacral structures on its ventral side.

Each brachial originates as, and is fundamentally, an axillary; one of the

two derivatives from this axillary, after the formation of two ossicles, which are

united to each other just as are the paired ossicles of the division series, abruptly

ceases its development, while the other continues to increase in size, its basal

segments attaiiiing the same diameter as the brachial upon which its rests. The
atropliied branch from the original axillary stage of the growing brachial serves as

the base from which there extends outward a long tentacular structure wnth no

phylogenetic history, which forms witliin itself a series of skeletal braces as necessity

itKjuires, and which is in every way exactly comparable to a cirrus, which also is a

long tentacular structure with no phylogenetic history forming witliin itself a

series of skeletal braces as necessity requires, excepting only that it bears ambulacral

structures along its ventral surface.

Since pinnules beyond the second segment are merely elongated tentacular

processes in which a skeleton is formed as needed, and cirri are also elongate ten-

tacular processes in which a skeleton is formed as needed, it necessarily follows

that the skeleton of the two sets of organs will be essentiaUy identical, differing

only in such modification as will enable the pinnule to carry ambulacral organs on

its ventral side; and further, that if for any reason the pinnules are not supphcd

with ambulacral organs on their ventral side the difference between the cirri and

the jjinnulcs beyond the second segment will almost or entirely disajjpoar.

The fundamental identity in structure between the cirri and the jnnnules

beyond the second segment is best illustrated by well-developed specimens of

ComatuleUa bracMoTata. In this species all the arras bear ungrooved jjinnules in

equal numbers. In the proximal portion of the arms the pinnules on either side

typically alternate, grooved and ungrooved; further out there are two grooved

pinnules between adjacent ungrooved pinnules, and toward the arm tips all of

the pinnules are grooved. There is a very groat difl'orenco in the structure of the

groovo<l and ungrooved punmlos, which is well shown in the earlier i)ortion of the

arm where the two types alternate regularly. The grooved pinimlos, after the

first two segments, which are rather large, are slender, delicate, and very flexible; the

ungrooved pinnules have slightly larger basal segments than the grooved and taper
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very gradually so that they are much stouter than the delicate groovetl pinnules;

at first thoy lie horizontally, but in their distal tliird or half they curve dorsally

into the form of a hook or spiral, exactly as do the cirri, formuig tondril-hko attach-

ments all along the arm whereby the animal fixes each arm securely to the organisms

en the sea-floor in addition to fixing its central portion by moans of its cirri.

The segments of the stout grooveless pinnules are produced dorsally into blunt

rouinded processes exactly resembling the dorsal convex swellings on the outer

cirrus segments; these arc perfectly smooth with no trace of spines. These pro-

Fio. 314.

Fig. 315.

Fig. 316.

Fig. 317. Fig. 318.

Figs. 314-318.—314, The extreme tip or a ctrrus from a specimen op Stepdanometra monacastiia from the Marshall

ISLANPS (CAMERA LUCIDA DRAWING BY THE AUTHOR). 315, THE E.XIREME TIP OF A CIRRUS FROM A SPECIMEN OF IIaTIIRO-

METRA SARSn FROM NORWAY (CAMERA LUCIDA DRAWING BY THE AUTHOR). 316, TlIE DISTAL PORTION OF A CIRRUS FROM

A SPECIMEN OF LePTOMETEA PH.U.ANGinM FROM NAPLES (CAMERA LUODA DRAWING BY THE AUTHOR). 317, THE E.XTREME

TIP OF A CIRRUS FROM A SPECIMEN OF OuOOMETRA THETIDIS FROM NEW SoUTH WALES (CAMERA LUCIDA DRAWING UY THE

AUTHOR). 31S, The extreme tip of a CIRRUS FROM A SPECIMEN OF HiMEROMETRA PERSICA FROM THE PEESIAN OCL?

(CAMERA LUaDA DRAWING BY THE AUTHOR).

cesses are entirely absent from the dorsal side of the slender grooved pinnules which

instead, bear on the terminal segments the long recurved spines characteristic of

all the species of this family.

The course of the axial canal in the cirri is just the reverse of the course of the

axial canal in the pinnules; tliat is, while the axial canal in the pinnules progres-

sively moves dorsalward so that it comes to lie nearer and nearer the dorsal surface,

the axial canal in the cirri progressively moves ventralward so that it comes to lie

nearer ami nearer the ventral surface.
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With the increasing differentiation in size of the ventral and dorsal ligament

masses in the cin-i comes also a progressive differentiation of the fosste which con-

tain them, and these come to resemble those on tlie earlier pimmlo segments.

It is probable that the pinnules and the cirri represent the original type of

crinoi(hd appendage, and that these appendages were an-anged in five pairs, the

two components of each pair being, so to speak, back to back; but both the j)in-

nules and the cirri have become enormously reduphcated, while in addition the

former have come to lie along either side of long body processes of subsequent

development.

When the origin of the cirri and of the cirrals is understood it becomes at once

evident why no brandling ever occurs in the cirri, such as frequently occurs in the

distal jjortion of tlie arms and at the bases of the pinnules. The cirri are true

uniserial outgrowths, both phylogenetically and ontogenetically, like the legs of

arthropods; and, like the legs of arthropods, tjjey may bifurcate at the base, though

tliis never happens except within the central cavity or within the substance of the

centrodorsal.

At first tlie lines of division between tlie cirrus segments are, when tlie cirri

are viewed laterally, perfectly straight and at right angles to the longitudinal axis

of the cirri (figs. 553, 558, pi. 5) ; at this time also the cirri are straight and almost

or quite uniforml}' jointed processes. Correlatively with the gradual change of the

cirrus segments toward the adult type the portion of the line of division ventral to

the transverse articular ridge gradually leans distally, while the portion dorsal to the

transverse articular ridge, to a lesser degree, leans proximally.

The amount of departure from a straight line exliibited by the lines of division

between the cirrus segments is in general proportionate to the motion to be accom-

modated. Tlius in cirri with long, proximal and short distal segments the lines of

division separating the former are almost straight and perpendicular to the longi-

tudinal axis of the cirri, while those separating the latter are obtuse angles (figs.

322, p. 277, 327-329, p. 281, and 339, p. 285). In the case of enormously enlarged

cirri, such as those of the species oi Asterometra (figs. 94, p. 155, and 362, p. 295),

however, the short outer segments, being physiologically too remote from the source

of nutrition, always remain in a comparatively undeveloped state, and the lines of

division between them are straight or nearly so.

The obliquity of the course of the lines of division between the cirrals is the

result purely of mechanical considerations. If the central canal runs through

the middle of the segments, so that the ligaments on either side of it are in a state

of equilibrium (fig. 5876, pi. 13), the lines of division are straight and at right

angles to the longitudinal axis of the cirri; but if the central canal is ventral to

the center of the cirrus segments, so that the dorsal ligament bundles are larger

than the ventral (fig. 587a, pi. 13), a constant contraction operates, not only

within the ligament bundles themselves but also within their continuation in

the interior of the segments, which is proportionate to the difference in size

between the two ligament bundles; and tliis results in giving to the cirrus a curve

dorsalward proportionate to the difference in size and strength between the ventral

and dorsal ligament bundles, and in pulling distally the whole mass of the segments
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ventral to the central canal (thus giving the portion of the distal border of the cirrals

which is ventral to the transverse ridge a slanting direction toward the tip of the

cirrus), while the mass of the segments dorsal to the central canal is pulled proxi-

mally for a distance which is as much less than that to which the ventral part

Fig. 319.
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Fig. 320.

Figs. 319-320.—319, Lateral view of BEGENEBATiNa cihri from a sPEaMEN of Tropiometba macbodiscds raoM

SODTHEKN JAPAN. 320, ABNORMAL AND NORMAL CIRRI OF A SPEaMEN OF COMASTER DISTINCTA FROM THE LESSER

SuNDA Islands. A, A CIRRUS flattened dorsoventrally, witu tue dorsal processes doubled and placed

LATERALLY, IN (a) DORS.IL AND IN (6) LATERAL ^lEW. B, A NORMAL CIRRUS, LATERALLY FLATTENED, VIEWED (O)

LATERALLY AND (6) DORSALLY.

of the segments is extended as the difference in volume between the two

hgament masses, the extension of the small ventral ligament mass being com-

pensated by a comparatively small contraction of the large dorsal ligament mass

(figs. 322, p. 277, and 5S7a, pi. 13).
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The general structure of the cirri is the same throughout the group, and may
be thus described : The first two segments are very short, very much broader than

long, and approximately of equal size, though a close examination always discloses

a slight increase in the proportionate length of the second (figs. 312, 313, p. 271).

Ordinarily there are only two of these short basal segments; but if the cirri are very

long, as in most of the species of Thalassometridte, there may be one or two addi-

tional which are somewhat longer than the first two, the outer again being slightly

longer than the more proximal (figs. 361, 362, p. 295, and 392, p. 307) ; the third (or

fourth or fifth) segment is considerably longer than those preceding, and the following

two or three still further increase in length, becoming, on an average, approximately

twice as long as broad when viewed laterally; after four or five more the segments

gradually decrease in length, at the same time becoming compressed laterally, and

more and more shaqily rounded dorsally, while the distal dorsal edge becomes

produced; in the distal part of the cirrus we find the segments ordinarily broader

than long, strongly carinate dorsally, with the projection of the distal dorsal edge

narrowed to a point, and forming a median or subterminal dorsal spine.

Typically the distal profile of the cirrus segments when viewed laterally shows

a broad S-shaped curve which lies diagonally, running from the ventral distal edge

downward and baclcward to the dorsal distal edge (figs. 312, 313, p. 271) ; the portion of

this curve ventral to the transverse ridge is strongly convex and Ues at a compara-

tively small angle to the longitudinal axis of the segments; the portion dorsal to the

transverse ridge is, less strongly, concave, and makes a much greater angle with

the longitudinal axis of the segments. Lateral compression of the segments is

accompanied by a straightening of this curve, and by a marked tendency for the

straightened ends of the segments to approximate a position at right angles to their

longitudinal axes (fig. 397, p. 309).

The distal end of the cirrxis terminates in a sharply pointed more or less curved

hookUke process, the terminal claw (figs. 4, p. 63, and 314-318, p. 273); in mature

cirri tliis is almost always shghtly longer than (occasionally almost twice as long as)

the penultimate segment which next precedes it, and it is usually evenly curved

(figs. 312, 313, p. 271), the radius of curvature being the same as, or shghtly less

than, that of the distal jiortion of the cirnis as a whole in hfe; it tapei-s from a

rather stout base to a slender and needlc-hke tip, sometimes evenly, but more com-

monly with greater rapidity in the proximal third or half, so that the distal two-

thirds or half is comparatively slender; in certain oligophreate forms it is more or

less abruptly decurved at the junction between the comparatively stout basal

third and the proportionately slender distal two-tliirds, the latter being often

approximately straight (figs. 317, 318, p. 273).

The terminal claw is usually well developed, and an important structural and

physiological feature of the cirrus; but in species with long, slender, and smooth

cirri, Uvuig upon sandy, oozy or muddy bottoms devoid of arborescent organic

life so that the cirri collectively function merely as a sort of circular snowshoe,

by their large numbers forming a broad circular base upon which the animal may
rest without danger of sinking into the ooze and becoming mired, the terminal claw

often becomes straightcjicd, dwarfed, blunted, and rudimentary, sometimes being
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reduced merely to a small conical terminal button with little or no trace of the

hard vitreous cortical layer t\-[)ically present (figs. 372, 376, p. 299, and 404, 406,

p. 311); similarly, in species with very long and spiny cirri, such as those belonging

to the genera Asterometra, Ptilometra, Pterometra , Zenometra, Thahssometra, Cosmio-

metra, etc., which live attached to rocks or to calcified or cliitinous organisms where
no penetration by the terminal claw is possible, that organ has become, together

with the penultimate segment, quite insignificant, no longer performing any special
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Fig. 322.
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Fig. 323.

Figs. 321-323.—321, -^ ctbrus fkom a specimen or Com.^tell.i nigra from the Philippine Islands \nEWXD (o) dorsallt
AND (6) LATERALLY. 322, LATERAL VIEW OF A CIRRUS FROM A SPECIMEN OF C'APILLASTER UARI^ FROM SOUTHWESTERN JAPAN,

323, A CIRRUS FROM A SPECIMEN OF CAPILLASIEB MULUKADIATA FROM THE rniLIlTINE ISLANDS VIEWED (a) DORSALLY AND
(6) LATERALLY.

function of its own, but serving merely to assist the dorsal spines in roughening

the dorsal surface of the cirri, the gripping action being effected entirely by the

embracing of the object of attachment without penetration (figs. 94, p. 155, and 363,

364, 366-368, p. 297).

The terminal claw possesses a very dense cortical layer, vitreous in appearance,

which envelops a core of lesser density, resembUng the entire substance of the pre-

ceding segments. This cortical layer at the base is very tliin, but it gnuhially
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increases in tliickness so that the inner core is bronght to an apex a considerable

distance from the ))omt of the terminal ohiw as a wliole. The relationsliip between

the central core and the cortical layer is analogous to that between the dentine and

the enamel in pointed mammahan teeth.

In ontogenetically young develojiing cirri the terminal claw at first differs in no

way from the preceding segments in shape or size, except that it is rounded off at

the tip; during growth, however, it gradually becomes curved, slender, and pointed,

and commonly elongates with slightly greater ra])idity than the other distal seg-

ments, in certain cases, as in the genus Crinometra, involving the ])enultimate

segment in this elongation. In older or in regenerating cirri its growth is relatively

far more rajjid, and it becomes very long, slightly curved, and pointed, wliile the

following ossicles are as yet merely short cylinders, one-third or even one-fourth of

its length (see two enlargements in the lower center of fig. 382, p. 301) ; similarly its

growth ceases and it attains its ])erfect form long before the following segments

reach their full size.

Probably the origin of the differentiation and of the specialization of the

terminal claw may be explained as the result of pure mechanics. The action of

gripping the soft but more or less resistant bodies of other organisms into wliich the

cirrus tip tended to penetrate to a greater or lesser degree has resulted in the ])aring

away or molding of the sides of the originally bluntly conical terminal segment, at

the same time causing a condensation of the cortical layer of stereom, and finally

resulting in the formation of a sharpened terminal spine, curved in the same degree

as the distal part of the cirrus as a whole. Tliis process would very quickly cause

the formation of a pronounced and perfected terminal claw, so that now we find that

character a very important feature in both the recent groups, the comatuhds and

the pentacrinites, which hve attached to the bottom or to other organisms b}' the

cirri.

The penultimate segment in rare cases resembles the preceding segments (figs.

316, p. 273, and 356, p. 293), but it is usually modified more or less, tending to assume

certain of the characters of the terminal claw (figs. 314, 315, 317, 318, p. 273).

It is commonly somewhat tapering and of a lesser diameter than the segments

preceding, so that it appears smaller but proportionately more elongate, most
frequently about as long as broad, in contrast to very short preceding cirrals,

though in certain cases where the chstal cirrals are long the penultimate segment
may be somewhat shorter than those proximal to it, being intermediate in its pro-

portionate length between the terminal claw and the preceding cirrals (figs. 369,

370, p. 299). Its distal edge usually inclines inward (doi-salward) at a much larger

angle than the distal edges of the other cirrals (winch are nearly parallel to tlieir

proximal edges) , and therefore in lateral view the penultimate segment is roughly

trapezoidal, the base of the trapezoid being ventral. The dorsal surface is broadly
rounded and is never carijiate as is frequently the case on the preceding segments.

There is less variation in the size and in the shape of the terminal claw and
penultimate segment than in any of the other elements of wliich the cirri tyre com-
posed, even than in the short basal segments. The sha])o and proportionate size of

the terminal claw is fairly constant when compared with the very variable shapes
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and sizes of the cirrals. A similar conservatism is displayed by the penultimate

segment, tliis being much less variable than the preceding segments, though not so

constant as the terminal claw. The penultimate segment is in effect an interme-

diate between the terminal claw and the cirrals preceding it.

In structure the penultimate segment resembles the preceding cirrals, being

devoid of the vitreous cortical layer covermg the terminal claw. Except in rare

cases where the terminal claw is reduced to a straightened, blunted, and shortened

conical finial appendage, the penultimate segment almost always bears, at least in

Fig. 324.
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Fig. 325.
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Figs. 324-326.-324, A CIEKnS FBOM a specimen of NEMASTEE INS0UTU3 FEOM BASBADOS viewed (a) DOKSALLT AND (6) LATER

ALLY. 323, .\ CIRRUS FROM A SPECIMEN OF LEPTONEMASTER VENCSTC3 FROM THE WEST COAST OF FLORIDA \1EWED (a)

DORSALLT AND (6) LATERALLY. 326, A CIRRUS FROM A SPECIMEN OF CoMATHJA IRIDOMETRIFORMIS FROM THE SOUTHEASTERII

United States viewed (a) dorsally and (6) laterally.

the majority of the cirri in a given individual, a more or less, sometimes quite, erect,

sharp dorsal spine, known from its relation to the terminal claw as the opposing

spine which, with the latter, forms a more or less chelate tip to the cirrus (figs. 4,

p. 63, and 314, 31.5, 317, 318, p. 273); but the similarity to the crustacean or

arachnid chela is somewhat lessened by the fact that the terminal claw is almost

immovably articulated to the penultimate segment.

The opposmg spme (fig. 4, j). 63) differe somewhat phylogenetically and

ontogenetic ally from the dorsal spines on the preceding segments, being closer to
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the terminal clinv in its general relationships than to the doreal spines proper; it

is, however, intermediate between them. It is ])resent and well developed in many

species (as in all those of the Comactiniina') in wliich no dorsal spines are ever

developed (figs. 394, 395, 397, 398, 400, 401, p. 309), and it exliibits the perfected

acutely conical shape and erect median position in many cases where the processes

on the preceding segments are as yet in the primitive stage of a broad serrate

transvci-se ridge. In structure it is more dense than the dorsal spines, and it

possesses a tliick vitreous cortical layer of condensed stereom resembling that on the

terminal claw, though never quite so weU developed. In young and in regenerating

cirri it is verj' early in making its appearance, being well developed before the cirrus

segments have lost their original short cylindrical form.

The opposing spine may make but a sUght angle with the median axis of the

'penultimate segment (fig. 314, p. 273), or it may be quite erect and at right angles

to that axis (fig. 317, p. 273). The proportion of declination is correlated with its

position; if it is tcrmally situated it makes the minimum angle with the median axis;

it is not erect unless its position is at the center of the dorsal surface of the penulti-

mate segment (fig. 352, p. 291). The degree of declination is in direct inverse

ratio to its distance from the distal edge.

The opposing spine functions as a hUt for the sharp and dagger-like terminal

claw, preventing the cirrus from sinking too deeply into, and thereby becoming hope-

lessly entangled with, the substance of the organism to which the crinoid is clinging.

Typically the opposing spine reaches a height about equal to the distal trans-

veree diameter of the penultimate segment, though it is often less, especiaUj' in those

species in which the preceding segments bear no dorsal processes; in the oligo-

phreate species it is commonly triangular, arising from the entire dorsal surface of

the penultimate segment, thus being considerabh- broader basally, and also longer,

than the processes on the preceding segments (fig. 318, p. 273); in the macrophreate

forms, as well as in certain of the oligophreate, however, the base is usually shorter,

and the spine arises from the outer part only of the penultimate segment (figs. 395,

396, p. 309); this is always the case if dorsal processes are not developed on the

preceding segments.

Tlie origin of the dorsal spines and of the opposing spine was probably some-

what as follo\vB: The central canal through the cirrals is at first central in position;

after the middle of the cirrus it moves slowly and gradually ventralward (fig. 587,

pi. 13). This results in a difference in size between the doi-sal and the ventral hga-

ment bundles by wliich the cirrals are articulated (the two sets at first being similar

and equal), the former becoming progressively larger and stronger and the lalter

correlatively smaller and weaker. In consequence of the normal state of balanced

tension of the ligament fibers the cirri assume a curved shape, the curve being very

gradual at firet , but increasing toward the 1 ip, the radiusof curvat ure being evciywhere

proportionate to the difference in strength between the dorsal and the ventral liga-

ment bundles. The calcareous elements of wliich the cirrals are composed are

deposited as rings or cyhnders within the sarcode of the growing cirri; normally

they increase in length by the addition of calcareous matter equally all around

their margins; where the ligament bundles are equally balanced tliis occurs, but
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FlQS. 327-331.—327, A aBEUs fkom a specimen of Comatula pectinata feom the Phiuppine Islands vebwkd (o) dossaixt
AND (6) LATERALLY. 328, A CIRKUS FROM A SPECIMEN OF COMACTINIA ECHLNOPTERA \1EWED (a) DORSALLT AND (6) LAT-

ERALLY. 329, Lateral view of a cirrus from a specimen of Comantbls pinglis from southern Japan. 330, Lateral
VIEW OF A cirrus FROM A SPECIMEN OF COMANTHUS TRICHOPTERA FROM SOUTHEASTERN AUSTRALIA (AFTER P. H. Ca».
PENTER). 331, A CIRRUS FROM A SPECIMEN OF COMANTHUS PARVICIBRA FROM CEYLON VIEWED (a) DOR3ALLY AND (6)

LATERALLY.
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beyond tlic middle of the cirri the superior tension of the larger dorsal ligament bun-

dle prevents the production of the distal dorsal edge of the cirrals at the same rate

as the distal ventral edge is produced. As the potential growth of the cirrals is the

same all around the edges (both distal and proximal) the excess growth of the

doi-sal part of the distal edge over what is possible owing to the restrictions conse-

quent on the curvature is accommodated by an eversion of the distal edge and its

production into a prominent dentate friU, which later is usually speciahzed and

developed into a more or less sharp dorsal spine. In case the curvature of the

cirri is not very sharp, the excess of stereom deposited on the dorsal side of the

cirrals may be evenly distributed, taking the form of a sweUing of the doi-sal side,

as in Comanthus hennetti, or (secondarily) of a longitudinal carination (fig. 369, p. 299)

;

such swelling or carination often occurs in combination with more or less pronounced

spines.

The opposing spine approaches nearer the terminal claw than to the doi-sal

spines in structure. As there is practically no motion possible between it and the

terminal claw, its origin could not have been quite the same as that of the dorsal

spines. It is probably the result of excess growth locahzed on the distal dorsal

border of the penultimate segment for purely mechanical reasons, its subsequent

molding into a sharp spine resemblhig in all essentials the terminal claw being due

to the same causes that operated in the case of that element.

The dorsal spines or dorsal processes proximal to the opposing spine form a

finely graduated series from the most primitive or rudimentary toward tlie base of

the cirri to the most higldy perfected on the antepenultimate segment (figs. 365-

367, p. 297). In many cases the change is slow and uniform, and there is a pro-

gressive specialization segment by segment to the end. This is especially to be

noted in spiny cirri which are short or of moderate length; in long cirri the spines

commonly become perfected at some distance from the tip, and no further change

is visible from that point onward.

This gradual development of the dorsal processes is correlated with (indeed, as

previously shown, probably dependent upon) a similar gradual increase in the

amount of dorsoventral motion possible between adjoinmg segments. Very con-

siderable dorsoventral motion is allowed between the two to four or five basal seg-

ments; the next following are very closely united, and there is a ver}' slow gain

in the scope of possible motion until the tip of the cirrus is reached; in very long

cirri the maximum is attained at some distance from the end and is continued to

the tip. There is practically no motion possible except in the planes including

the longitudinal (dorsoventral) axis of the body, as the fulcral ridges of the joint

faces all run straight across these from side to side; the basal segments collectively

allow of flexion through about 180°, so that the cirri may at this point be bent

directly downward or directly upward so as to extend vertically (parallel to the

longitudinal axis) between the arms; no motion is possible between the smooth

proximal segments, and the scope of the motion permitted by the more distal seg-

ments is much more hmited than that allowed between the basal; the outer part of

the cirri (beyond the rigid middle portion) can not be raised further than to bring

all of the segments into a straight line, and often a broad spiral is the extreme in
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this direction; but the cdinbincd possibilities of motion between the short outer

segments (when numerous) is such that the cirrus tips may be rolled up into a

close spiral, thus surrounding and chnging fast to any slender object, sucli as the

stem of a gorgonian or hydroid, which they may touch.

The transverse ridges across the jomt faces of the cirrals iu the basal jjortion

of the cirri traverse the center of those joint faces (fig. 5876, pi. 13); this

accounts for the equal brevity of the ventral and dorsal profile of the s^cry short

FlO. 332.
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Figs. 332-335.-332, L.vteeal mew of a cirrus from a specimen of Zygometea microdiscus from northern Austeaua
(AFTER P. H. C.\RPE>»TER). 333, A CIRRUS FROM A SPECIjrEN OF ZyGOMETRA COMATA FROM SdJCAPORE STEWED (o) DOR-

S.UXY AND (6) LATERALLY. 334, -^ CIRRUS FROM A .SPECIMEN OF CaTOPTOMETEA IIARTLAUHI FROM SOUTHEEN JAPAN MEWED
(d) DOESALLY AND (6) LATEE.U.LY. 335, A CIRRUS FROM A SPECIMEN OF AMPHIMETEA PUILIDEKTI FEOM THE AND.VMAN ISLANDS

VIEWED (O) DORSALLY AND (6) LATERALLY.

basal segments, and the nondcvclopment of spines on the latter; as the segments

increase in length distally and become more and more comjiressed and caruiate

dorsally the ridges gi'adualiy move nearer and nearer the ventral surface, so that the

ventral ligament pit becomes progressively smaller and smaller and the dorsal lig-

ament pit correspondingly increases in size, this being correlated with a correspond-

ing increase in the length and possible scope of the ligament fibers, as well as with

an increasing disproportion in the comparative strength of the two bundles as

explained above, and a progressive increase in the size of the dorsal spines or

processes.
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In a few cases, as for instance in Antedon, Alastigometra, and in the genera of

the Comactiniinse, provision is made for this flexibility (which, however, is only

moderatolj' developed in these forms) by the beveling off or catting away through

resoqition of the dorsal distal ends of the segments below (dorsal to) the transverse

fulcral ridge (figs. 312, 313, p. 271). Usually no such adaptation is found, or if

present it is so slight as to be inadequate to servo the purpose; instead, the motion

of one segment iipon another and consequent mtermittent compression of the dis-

tal edge of the latter, working in connection with the progressive difference in the

size of the tlorsal and ventral ligament bundles, has resulted in the swelling or in

the eversion of this distal edge which rises obliquely upward as a broad thickened

rim or as a crescentic serrate transverse ridge.

In a few species with comparatively primitive stout cirri, such as those belong-

ing to the genera Catoptometra or Tropiomefra (fig. 356, p. 293), or to the genera

included in the family Charitometridae, no further development is found; the ])lay

of the distal segments upon each other is made possible by a turning outward of

the <lorsal distal edge of each ; but in most cases such a condition is found only in

the more proximal of the segments bearing dorsal processes; as the amount of

])ossiblo intersegmental motion gradually increases distall}^, we find that the pro-

duced distal dorsal edge of the segments gradually becomes more prominent,

increasing in height and becoming more and more erect, at the same time, on

account of the progressive dorsal carination of the segments, becommg progressively

narrower and moving mward from the ends of the segments to a subterminal or

even median jiosition, so that the dorsal processes have, on the subterminal seg-

ments, become sharp spines situated in the subterminal or median portion of the

dorsal side.

The dorsal spines commonly are of a slightly more dense composition than the

remainder of the segments which bear them; though in some species they may
for a greater or lesser distance inward from the end of the cirrus be tipped with

vitreous condensed stereom, the amount of this tipping rapidly decreases prox-

unally on succeeding spines. The progressive distal mcrease ui height and erect-

ness, and the progressive attainment of a position further and further removed
from the extreme distal edge, are to be explained by the correlation in the develop-

ment of these structures and the progressive difference in size between the dorsal

and the ventral ligament bundles by which the cLrrals are articulated; where tliis

difference is greatest, the dorsal processes were first formed, and as the dorsal

processes developed here are the oldest, the}' have become the most i)erfected. The
transformation of the original transverse ridge into a sj)ino may bo simply a normal
growth change, or its origin may be mechanical along the lines suggested for ex-

plaining the original shai-pening of the termmal claw.

In species ha\'ing the cirri unusually broad, as m the species comi)t)sing the

genera of the Colobomctrida? (figs. 345-348, p. 289, 349-352, p. 291, and 353-355,

p. 293), the i)rimitive transverse ridge does not simi)ly become more and more acute

and soon resolve itself into a spine as is commonly the case, but the cirri become
flattened below, and the originally crescentic transverse ridge resolves itself into a

sharp flattened serrate ritlgc (as in Oligomeira and in Prometra), bi- or tricuspid
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spines (as in CyUometra ov Decametra), or into paired dorsal spines (as in Cenometra

or Colobometra) ; at the tip of the cirrus, however, these various structures finally

give way to the usual single spine.

Fig. 336.
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Fig. 337.
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Fig. 339.

Figs. 336-339.-336, Lateral view of a cirrus from a specimen of Amphimetra discoioea from Qdeenslani>. 337, A
ORRUS FROM A SPECIMEN OF AMPHIMETRA ENSIFER FROM SINGAPORE \TEWED (a) DORSALLY AND (6) LATERALLY. 33S. LAT-

ERAL VIEW OF A CTRRUS FROM A SPECIMEN OF HlMEROMETRA MARTENSI FROM SINGAPORE. 339, LATERAL \TEW OF A ORRDS

FROM A SPECIMEN OF HlMEROMETRA PERSICA FROM THE PERSUN GULF.

In a number of species, chiefly in the families Mariametrida; (fig. 344, p. 287),

Stephanometridas (fig. 340, p. 287) and Charitometridaj (fig. 369, p. 299), the

cirrals in the outer portion of the cirri gradually become strongly carinate dorsally
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without forming pointed spmcs. This is the case only in those species in which

the cirri arc short and the ])ossiblo scoj)o of intersegmental motion is ver>' Imiited,

the action of the cutus as a whole being largely localized ui the basal segments;

there has therefore been no opi)ortumty for the formation of everted distal dorsal

edges to the segments, though the sharpening of the median dorsal line has taken

place as usual.

In most species with very long cirri, as evidenced particularly by species of

Perometriiuc (fig. 387, p. 307) and Thalassometridse (figs. 363-368, p. 297), there

has been, in the distal portion of the cirri, a combmation of these processes; dorsal

spines have been acquired through metamorphosis from a primitive transverse

ridge; but in the outer segments there has been, due to the sliortenmg of these

segments and the progressively more and more ventral position occupied bj' the

transverse fulcral ridge, a considerable tendency toward an excess of the dorsal

deposit of stereom, so that the spines are more or less masked by the resultant high

carination, which as a rule reaches to their apices, and the dorsal processes assume

a form resembling that of the teeth of Serrasalmo.

T}'])ically the cirri may be said to consist of from 15 to 20 segments with

longitudinally straight sides and meeting end to end without overlap, the first

two segments short, the third about as long as broad, the following three sUghtly

longer than broad, then gradually becoming slightly broader than long; as the

segments begin to decrease in length their distal dorsal edges thicken and gradually

come to project, especially in the median dorsal line; the cirri are at first broadly

oval, often nearly circular, in cross section, but soon become somewhat flattened,

though st'dl regularly oval, and after the first appearance of the distal dorsal

processes more flattened, and in cross section somewhat pomted dorsally.

This typical or average type of cirrus, wliich careful study has indicated as the

primitive comatuHd type of cirrus, differing but slightly from the generalized

pentacrinite type as found in Teliocrinus (fig. 127, p. 197) or in IJi/palocrinus,

does not occur in any known form, though in certain of the genera both of the

Oligo])liroata and of the Macrophreata the cirri of some species approach very

closely to it. Among the oligo])lireate genera most of the species belonging to the

family Charitometridse (fig. 369, p. 299), as well as those of tlie genus Catopiometra

(fig. 334, p. 283) and certain species of Comanthus (as for instance Comanthus

parvicirra) (fig. 331, p. 281), possess cirri close to the ])rimitive type, while the

same is true of some of the species of Antedon (fig. 312, p. 271) and of Mastigometra

among the macrophreate forms; but in all of these genera there is more or less

de^^ation in various directions. It is somewhat remarkable that these six genera,

all of wliicli are highly si)ecialized, and so widely different that they must be placed

in two distinct suborders and four famiUes, should have departed so shghtly from

tlie jirinutivo cirrus structure as deduced not only from a critical comi>arative

stud}' of mature cii-ri, but from a study of the ontogeny of the cirri in all the groups.

Their cirri might be supposed to have converged from entirely different types

toward a common central type as a result of similar requirements; but if this were

so we should expect the cirri of the young, or immature, or regenerating cirri, to

recapitulate these ancestral forms before reaching the mature form, but nothing
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FIGS 340-344 -340 LATERAL VIEW OF A CIRBrS FROM A SPECIMEN OF STEPHANOMETRA MONACANTHA FROM FUl. 341 A CIRRUS

FROM A SPECIMFN OF PONTIOMETRA ANDERSON, FROM SD-OAPORE VIEWED (a) DORSALLV AND (6) LATER..LLT. 342, LATERAL

4w OF AC Zs FROM A SPEOMEN OF DiCnROMKTRA TEN^ICIRRA FROM THE JAVA SEA, SHO^INO
•'"^^;X»V iTan

rcTlEN^S 343 LATERAL ^W OF A C.RRIS FROM A SPEHMEN OF MARIAMETRA SrBCABINATA FROM SOUTHERN JAPAN.

^4 LATERAL^EWOF A ORRUS FROM A SPEC«EN OF DlCIROMETRA TENERA FROM TUE MaBSUAU. ISLANDS.
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which might bo interpreted as such recapitulation ever occui-s. There is no evidence

in the developmental history of these genera to show that any of the ancestral

types from which they are derived possessed cirri much different from those which

they themselves possess; and, tracing the cirri backward through their ontogeny,

we find that, instead of becoming more different, they regularly converge toward

each other, which may bo taken as almost certain proof that all of these forms, in

spite of the enormous amount of differentiation in other characters, still have

retained almost unchanged the primitive type of cirrus.

A phylogenetic arrangement of the comatuhds on the basis of their cirrus

structure is thus seen to be impossible, for the simplest type of cirrus found, with

Uttle doubt the one nearest to the primitive cirrus, both of the comatuhds and of

the pentacrinites, is characteristic of genera representing very specialized forms

which, judged by other characters, stand at or near the culmination of very diverse

Hues of descent. The cirri, therefore, from a phylogenetic point of view, in show-

ing that no one group is especially developed beyond the others, though the lines

of development may be quite different, show essentially the same thing as all the

other available characters collectively.

There are three lines of deviation from the primitive type of cirrus structure:

(1) In the direction of greater slenderness (figs. 83, p. 136, 98, p. 159, 308, p. 267,

376, p. 299, and 381, 382, p. 301); (2) in the direction of greater stoutness (figs. 99,

p. 160, 100, p. 162, 307, p. 265, and 369, p. 299); and (3) in the direction of greater

length (figs. 93, p. 153, 94, p. 155, 309, p. 267, 361, 362, p. 295, and 363-368,

p. 297). These three main lines are as a rule quite distinct, but more or less inter-

gradation is observable between them, especially between the two last.

The slenderness of the cirri is one of the characteristic features of the Macro-

phreata and is very pronounced in almost all of the forms, being often carried to

an extreme. Similar slenderness of the cirri is rare in the Ohgophreata, but is

found in some of the smaller or more dehcate species, where as a rule it is an indi-

cation of the persistence or accentuation of an immature feature rather than an

acquired character, as in the Macrophreata.

Slenderness is the result of the great reduction in size of each of the component

segments, this reduction being in the natm-e of a great decrease in the amount of

calcareous matter, as if its outer surface had been rubbed away, leaving the length

as it was originally. This reduction of the calcareous matter affects the central

portion of the segments much more than the denser ends, so that in a lateral view

they appear concave dorsally and ventrally, slender in the middle wath prominent

ends (fig. 396, p. 309), or, as happily expressed by P. H. Carpenter, "dice-box

shaped." Owing to the fact that the length does not decrease in proportion to the

decrease in thickness they become proportionately elongated, sometimes exceedingly

long. The slenderness is sometimes carried to such an extreme that the cirri as a

whole appear like verj' slender, ahnost invisible, threads, with bulky knots at inter-

vals marking the articulation, as in Iridametra exquisita, Microcomafula morfenseni,

or Ilathromeira sarsii (fig. 394, p. 309).

Combined with slenderness resulting from a great reduction of the calcareous

base of the segments, there is usually a further reduction brought about bj- the
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strong; lateral comprcssiou of tlio cirri; iu other words, tlic reduction of tlio calca-

reous base iisuallj' takes place faster along the transverse than along the dorso-

ventral axis. This condition is not found outside of the Macroplireata, where it is

especially characteristic of the Atelocrinida; (figs. 405, 406, p. 311, and 414, p. 319),

the Pentametrocrinidse (fig. 404, p. 311), and the genera Psathyrometra (fig. 379,

p. 301), Thjsanometra (fig. 372, p. 299), and Coccometra (figs. 374-376, p. 299) of the

Antedonidjp.

An increase in the stoutness of the cirri unaccompanied bj- any increase in the

length or in the number of segments—indeed sometimes correlated with a reduc-
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Figs. 345-348.-345, A CIRRC3 FROM A SPECIMEN OF CENOMETRA UNICORNIS FROM THE PhJUTPINE ISLANDS VIEWED (o) DOB-

SAU.T AND (6) LATERALLY. 346, A CIRRUS FROM A SPECIMEN OF CYLLOMETRA ALBOPIIRPITJEA FROM SOL^I^F.RN JAPAN STEWED
(a) DOESALLT AND (b) LATERALLY. 347, LATERAL \1EW OF THE CIRRUS OF A SPECIMEN OF CYIJ.OUETRA UAMCA FROM
THE Ki Islands. 348, A ciRRDS from a specimen of Ctllometra manca from the Ki Islands viewed (a) dorsallt

AND (6) LATERALLY.

tion in regard to the latter—may be considered as among the chief characteristics

of the cirri of the Oligophreata, though it is much more marked in certain groups

or species than in others. In its simplest form it is best seen m the Charitometri(la)

(figs. 99, p. 160, 100, p. 162, and 369, 370, p. 299) and Comactiniina; (figs. 76, p. 129,

and 327, 328, p. 281), and particularly in the Tropiometridse (figs. 88, p. 145, and 356,

p. 293), where it is not obscured by an mcrease in the length of the cirri. In

these forms the cirri, like th(3se of most of the Macroplireata, are of the same

nature throughout and show no division into specialized areas.
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The elongation of tho cirri, which is accomjxiniod by an increase in stoutness,

is in its true ])hylogenetic aspect also almost exclusively peculiar to the Oligo-

phreata, occurring in tho Macrophreata only in the single genus Zenometra (figs. 109,

p. 175, and 377, 378, p. 301). It is best studied in the Thalassometridsc andChari-

tometridffi. In the Charitometridaj (figs. 99, p. 160, 100, p. 162, and 369, 370, p. 299)

the cirri are short and stout, the segments, except for tho first two, subequal,

iisualh* somewhat longer than broad, becoming slightly shorter distally and smooth

dorsally, though the distal dorsal ends of the outer segments may be somewhat

swollen. Their surface is dull, due to the presence of a close fine pitting, and

their general coloration is dark, like that of the calyx and arm bases. The
terminal claw and tho distal margin of the penultimate segment, however, have a

highly polished surface and are comparatively light in color.

fn the Thalassometridse (figs. 93, p. 153,94, p. 155,95, p. 157, 96, 97, p. 159, 361,

362, p. 295, and 363-368, p. 297) the proximal cirrus segments for a variable dis-

tance from the centrodoreal are well rounded in cross section, smooth, stout, and

comparatively dark in color, resembling exactly those of tho Charitometridfe; then

comes a peculiar segment which I have designated as a transition segment (fig. 4,

p. 63). This transition segment typically decreases more or less in dorsoventral

diameter distally, and rather more rapidly in transverse diameter. In its proximal

half to throe-fourths it is dark in color and in every way resembles the preceding

segments, but in its distal fourth to half it is highly polished and more or less later-

ally compressed, and light in color, and it bears a median projection on the distal

dorsal edge. Usually this segment is especially marked by a dark band about it

at the dividing line between the dull proximal and polished distal portions.

In its structure, and in its position in reference to the segments comparable

morphologically to its proximal portion (the preceding segments), it is the homo-
logue of the penultimate segment as seen in the Charitometridse; but instead of

bearing a terminal spine it is succeeded by a series composed of a variable number
of short spinous highly polished segments which eventually terminate in a penulti-

mate segment and terminal claw as usual.

Considering the transition segment as representing the penultimate segment

of the Charitometridse, the cu-ri of the Charitometridse as a whole are tho equivalent

of that part of the cirri of the Thalassometridfe up to and including the transition

segment. The segments found in the cirri of the Thalassometridio beyond the

transition segment I interpret as additional segments morphologically the result

of budding or of a process of progressive serial reduplication from the priniitive

penultimate segment as seen in the Charitomctridse, as a result of a phylogeneticaily

sudden increase in tho length of tho cirri over the short charitometrid type. The
typical elongation of the cirri as found in the Oligophroata, therefore, is not the

result of a phylogeneticaily gradual increase in tho number of cirrus segments as in

the Macrophreata, but of a process of phylogeneticaily abrupt and sudden distal

elongation.

In the Thalassometridfe this transition segment is especially marked, and it

is almost equally evident in certain species of the Zygomctiidaj, Mariametiidaj,

Comasteridsc, and of other families ; but often it has lost, through the disappearance



MONOGRAPH OF THE EXISTING CRINOIDS. 291

in the ontogeny of the abrupt acceleration in cirrus growth which originally gave
rise to it, many of its peculiarities, so that it has become difficult to differentiate

from the other cirrals, and the segments grade more or less imperceptiblj^ from the

long proximal into the short distal type.
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Figs. 349-352.-349, A CIRRC3 FROM A SPECIMEN or DECAMETKA MOLLI.S FKO« KURRACHI VIEVTEP (o) BORSALLY AND (6) LAT-

ERALLY. 350, A CraRUS FROM A SPECIMEN OF COLOBOMETRA PISCOLOR FROM THE EASTERN PART OF THE I)AY OF BENGAL

VIEWED (a) DORSALLY AND (6) LATERALLY. 351, LATERAL \TEW OF A CIRRUS FROM A SPECIMEN OF I'ROMETRA OWSTONI FROM

SOUTHERN Japan. a52, A cirrus from a specimen of Ougometr.v serripinna from Singapore mewed (a) dorsally

AND (&) laterally.

In those oligophreate forms in which there is but little difference between the

proximal and distal segments, as in certain species of AmpUmeira (figs. 86, p. 141,

335, p. 283, and 33G, p. 285), in Cenometra (figs. 87, p. 143, and 345, p. 289), in Comac-

tinia ecUnoptera (fig. 328, p. 281), and m numerous species among the Himero-
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metridse, i[ariametridffl (fig. 344, p. 287), and Stophanometridtc (fig. 340, p. 287), the

structure of the cirri appears to be quite comparable to that of the Charitomotridje,

and transition segments appear never to have occurred. On the other hand, in

a single genus of the Macrophreata, Zenometra, a more or less marked transition

segment is found, comparable in every way to that of certain of the Oligophreata.

There is a curious correlation between the cirri and the proximal pinnules;

species in which the latter are large, as Craspedometra acutidrra, as a rule have long

cirri with numerous segments, while species in which they are not especially de-

veloped, as Heterometra quinduplicava, commonly have cirri with fewer segments.

Again in certain species, as in Oligometra serripinna and in the species of Prometra,

there may be more or less variation in the number of segments in the enlarged

proximal pinnules; this is found upon examination commonly to agree directly

with a similar variation in the number of cirrus segments. This correlation is most

marked and most obvious in the Comasteridse. In this family species with large and

very long proximal pimiules which are stout basally, like Oomanthus hennetti or C.

pinguis, have very large and stout cirri with a large number of segments, wliile

species with a few small and weak cirri, or none at all, as Oomanthus annulata or C.

parvicirra, or many of the species of the genus ComaMer, have the proximal pinnules

small.

This interrelationship between the cirri and the proximal pinnules appears to

be confined to the Ohgophreata, and in this group it is of more or less uncertain

occurrence, being by no means general.

There is a closer and more widespread agreement between these two sets of

structures in regard to the modification of the distal ends of the component segments,

an agreement which is further correlated with a similar modification of the ossicles

of the calyx, the di%nsion series and the arm bases. In cases where, as in Thalas-

sometra vilhsa, Stylometra spinifera, or in the species of the genus Colohometra, the

distal ends of the cirrus segments are produced and spinous, the calyx and arm bases,

as well as the distal edges of the segments of the proximal pinnules, will also be found

to be spinous, though this spinosity is less, and may be entirely suppressed on the

brachials, from the fourth onward, and on the genital and distal pinnules. This

type of correlation is not found outside of the Ohgophreata, except in the genus

Zenometra.

The striking correlation, both in structure ajid in function, between the cirri

and the ungrooved pinnules in ComatuleUa hrachwlata has already been discussed

in detail.

Mention must also be made of the curious case illustrated by the families

Thalassometridse, CharitometridiE and Tropiometridse. In the Charitometridse

and TropionietridEe smooth and very stout cirri accompany very slender many
jointed proximal pimiules; the long and spiny cirri of the Thalassometridse occur

together with greatly enlarged, swollen, and elongated proximal pinnules, the

accentuation of these characters in the latter being to a considerable degree cor-

related with the proportionate length of the cirri.

Though in Asteromctra, Pterometra and Ptilometra (which together form the

subfamily Ptilometrinae) the cirri are excessively long, and are in structure just hke
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FlQ3. 353-358.-353, A CmRUS from a specimen or OUQOMETHIDES ADEONS FROM THE .\RU ISLANDS VIEWED (o) DOBSAU.T
AND (b) LATEEALLY. 354, LATERAL ^TEW Or A CIRRUS PROM A SPECIMEN OF OUGOMETRIHES THETIDIS FROM NeW SOITH
Wales. 355, Lateral view or a cirrus from a specimen of Analcidometra armata from tiie Caribbean Sea. 356,

A cirrus from a specimen of Tropiometra picta from Rio de Janeiro viewed (a) dorsallt and (6) laterally. 357,

Lateral view of a aRRUs from a specimen of Calometra calli-^^ta from southern Japan. 358, Lateral nEw or a

cmBUs from a specimen or Calometra separata from southern Japan.
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thoso found in the other <i;enera of the Thalassomctriilse, there is, curiously enough,

never the slightest trace of any modification of the proximal pinnules toward the

type found in the other genera of that group.

Dr. W. B. Caipenter has noticed in the growing young of Antedon hifida tliat,

as in other species, after the formation of the firet two whorls of cirri no special

regularity can be traced in the manner of development; the young cirri normally

appear between those previously formed and the radial pentagon, so that tlioir

sockets are close to the margin of the centrodorsal; but as the centrodorsal grows

and new cirri appear around its margin, the older cirri which are attached close to

the doi-sal pole drop away and their sockets become gradual!}' obUterated by cal-

careous deposit. The result is that the doreal surface of the centrodorsal is usually

left comparatively smooth, but in some species the deposit of new material con-

tinues after the cirnis sockets are obliterated and causes the dorsal pole to become
rough and irregular. On the other hand, the lower surface of the centrodoreal in

most species of the Comasteridae is almost flat and extremely smooth. This is

o^ving to the very extensive and uniform manner in which the new material is

laid down.

Dr. P. H. Cai-penter noticed that the primary trunks which leave the chambered
organ, subsequently dividing and passing to the cirri in the corresponding radial

areas, usually undergo their division within the cavity of the centrodorsal. It

sometimes happens, however, that more or less of this division takes place within

the substance of the centrodorsal, so that interiorly there may be onl\^ one radial

opening visible, whereas outwardly there may be found the apertures of half a dozen

cirrus canals.

In regenerating cirri the basal segments are the longest, and the following

decrease rapidly in diameter, so that the whole cirrus tapers considerably from its

base to its point. This condition gradually becomes less and less marked as the

segments increase in size and their apposed faces become beveled ofi toward the

dorsal side, so that the cirrus ultimately acquires all the characters of maturity.

In the comatulids only the first few rows of cirri are developed, as described by
W. B. Cai-penter. The cirri wliich appear subsequently gradually assume certain

of the developmental features of regenerating cirri, so that at the adult stage, and

usually some time before that stage is reached, the cirri wliich are constantly pro-

duced about the ventral margin of the centrodorsal arise exactly as if they were

formed at an old socket from which the original cirius had been lost.

In very old specimens of certain species a peculiar condition is found among
these last formed marginal cirri, which was firet noticed in Floromctra ma^eUanica.

The cirri are formed just as regenerating cirri, but with increasing age the ontogeny

of regenerated parts becomes gradually retarded, so that in old examples the last

formed cirri never assume mature charactere, but remain slender and tapermg.

As the assumption of a definite number of segments and the cessation of further

addition after the full number is reached is a ti-ue and definite growth character and
therefore dependent, like aU other growth charactci-s, upon the viriUty of the animal,

incipient senescence affects this likewise, and the marginal cirri of very old specimens

therefore possesses the number of segments characteristic of the adult, plus an
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Fioa. 359-362.-359, Lateral view of a cmRUS from a tocno specimen of PraoMETRA mOlleri prom New South Wales.

360, Lateral wevi of a aRRUs of a younq specimen of Ptilouetra macronema from socthwesteen .\ustralh.

361, Lateral vif.w of a cirrus from a specimen of Ptilometra mCli.f.ri from New South Wales. 362, Lateral

VIEW of a CmRVS FROM A SPECIMEN OF ASTEROMETKA MACROPODA FROM SOUTHWESTERN JAPAM.
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indeterniinato numlxT, sometimes as niiiny as an additional third, which are merely

the result of lessened vitality, causing an inliibition of the power to limit further

vegetative growth and to develop to maturity instead the segments already formed.

Care must always be taken in working with the comatuUds to differentiate

these more or less rudimentary marginal cirri, wliich are usually longer and more

slender than the tme mature cirri and have additional segments, from the cirri

which are properly characteristic of the adult.

These cirri are pccuUar in that they never perform any grasping functions, nor

do they appear ever to become curved distally, remaining always nearly or quite

straight. Tliey usually extend directly upward between the arms, reaching for

some distance beyond the tips of the oral pinnules. They appear to function as

tactile organs, assisting the oral pinnules, and in their tactile nature, as well as their

tapering build and polyarticular, yet practically undifferentiated, composition,

strongly suggest the antennae of insects, a similarity wliich is heightened by the fact

that, like antennae, they are developed at the anterior or proximal end of the series

of segmented appendages.

The systematic significance of the cirri varies very greatly in the different

groups. One family (Colobometridse) is most easily recognized by the peculiarities

of the cirri, many genera find in these organs their most obvious distinguishing

characters, while specific determination rests largely upon their proportionate

length and comparative structure. In fact, taken as a whole, the cirri are of para-

mount importance from a systematic point of view, exceeding in the number,

variety and stabiUty of the characters presented even the proximal pinnules whicli,

however, are a close second.

In general the cirri of the Comasteridae, Zygometridae and Mariametridas are

more or less strictly comparable to those of the Thalassometridae; the charitometrid

type is seen in Endiocrinus (fig. 84, p. 137), Comactinia (figs. 76, p. 129, and 328,

p. 281), Catoptometra (fig. 334,p.283), Comatula (figs. 78, p.l31, and 327, p. 281) and

Comatulides (fig. 80, p. 133) ; while the thalassometrid tj-jje prevaUs in Leptoncmaster

(fig. 325, p. 279), Comissia, Capillaster (fig. 323, p. 277), Nemaster (fig. 324, p. 279),

Palseocomatella, Comatella (fig. 321, p. 277), Neocomatella, Comatulella and in

nearly all of the species of Comanthus and of Comaster, as well as in Zygo^netra

(figs. 332, 333, p. 283), Poniiometra (fig. 341, p. 287), and Epimetra. The cirri of

Comatilia and of Microcomatvia are so very slender as to resemble most closely those

of the small antedonids, especially Iridometra and Compsometra.

Usually in the Thalassometridte the production of the distal edges of the cirrus

segments as seen in those immediately^ following the transition segment is abrupt

and has a smooth sharp outer border, in an end view projecting from the general

profile of the segment in the form of a broad and flattened U ; distally this gradually

narrows (coincident with the increasing doi-sal carination of the segments), becoming

progressively more and more V-shaped, finally resolving itself into a carinate dorsal

spine. In the groups now under consideration, however, a slightly different

condition exists (fig. 323, p. 277) ; in the earher segments following the transition

segment the production of the distal dorsal edge is in dorsal view broadly U-

shaped, and in end ^dew appears as a low rounded serrate transverse ridge. The
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Figs. 363-368.—363, Lateral mew of a cirrcs from a sfecimek of Thala-ssometra pube.scens from soctheen J\txs.

364, Lateral \iew of a cirrus from a specimen of Th-vlassometra gigantea from tue Hawaiu.v Islands. 36.5, Lat-

eral VTEW OF a cirrus FROM A SPECIMEN OF I'ARAMETRA FI.SIIERI FROM THE HAWAIIAN ISLANDS. 366, LATERAL VIEW OP
A CIRRUS FROM A SPECIMEN OF COSMIOMETRA CRASSICIRRA FROM THE HAWAIIAN ISLANDS. 367, LATERAL \1EW OF A CIRRUS

FROM A SPECIMEN OF COSMIOMETRA DELICATA FROM THE HaWAILA.N ISLANDS. 368, LATERAL llEW OF A CIRRUS FROM A

SPECIMEN OF STYLOMETRA SPINIFERA FROM CUBA.
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serrations may be all small and subcqual; but usually the projection is slightly

V-shaped, with a comparatively large tubercle at the apex of the V flanked on

either side by from two to five or six other smaller tubercles; perhaps the com-

monest arrangement is a large median tubercle with two or three smaller ones

(forming the sides of the V) on either side. Distally the median tubercle gradually

increases in size, the lateral tubercles at the same time gradually diminishing until

in the outer portion of the cirrus the median tubercle only remains, forming a prom-

inent dorsal spine. The resolution of the broad rounded finely serrate transverse

ridge into a dorsal spine follows the same lines as described for the dorsal processes

of the Thalassomelridse.

In the subfamily Comactiniuase a curious dimorphism of the cirri is found,

exactly com])arable to a similar state of affairs in the antedonid genera Antedon and

Compsometra. The most ])erfected type of cirrus in Comactinia and in Comatula (figs.

76, p. 129, and 327, p. 281) has from 10 to 15 segments, of which the more proximal

(not including the basal) are elongated, centrally constricted, and broadly oval in

cross section, and the distal are short, broader than long or squarish, not constricted

centrally, but much flattened laterally, so that in lateral view the cirri appear to

increase considerably in diameter distally. The more primitive type of cirrus

possesses the same number of segments in the same species, but the segments are

subequal, becoming only slightly, if at all, shorter distally than they are in the

earlier part of the cirri, and the cirri appear in lateral view of equal diameter through-

out, as the distal portion is only very sUghtly flattened (fig. 328, p. 281).

These two very distinct types of cirri are correlated with the proportionate

amount of basal swelling in the arms and the shortening of the segments in the

earlier pinnules. In specimens or species in which the arms do not ex})and outward

from the first brachial (figs. 78, p. 131, 80, p. 133, and 108, p. 174), the cirri will be found

always to be of the second type; but if the arms gradually expand up to about the

twelfth or fourteenth braclual, slowly tapering from that point onward (figs. 76, p. 129,

and 1 07, p. 1 73) , then the cirri will be found to be, possibly with one or two exceptions,

of the first tyi^e. Among the Comactiniinse, and to a lesser extent among the

AntedoniniB, the earlier pinnules of specimens or of species with swollen arm bases

and the first type of cirnis are composed of proportionately shorter and broader

segments than those with arms which taper evenly from the base to the tij) and

with the second type of cirrus.

In Comatula pectinata or in C. purpurea, where the arms of the anterior ray

may be evenly tapering but the arms of the other rays swollen, there is frequently

a mixture of these two cirrus types, the proportion of the second to the first being

about the same as the proportion of slender to stout arms.

Both of these cirrus t_y]ies occur frequently in the same specimen in Comatula

pectinata and in C. purpurea; both also occur, but, so far as I have seen, never in

the same specimen, in Comactinia echinoptera. In Comatula rotalaria, C. etlieridgd

and C. micraster only the second type is found; but all three of these species lose

their cirri before acquiring the swollen arms so characteristic of the adults.

Strangely enough, though the swelling of the arms is carried to an extreme in

Comatula Solaris and in Comatvlella brachiolata, the cirri of these two species are
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Figs. 369-370.-309, Lateral view of a cikrv.s from a specimen- of Paciiylometra horealis from southern Japan. 370,

A CIRRUS FROM A SPECIMEN OF GLYPTOMETRA I.ATKRAUS FROM THE HAWAIIAN lSL.\NI>S VIEW-ED ((l) DOR.SALLY AND (6) LATEB-

ALLY. 371, LATEP.AI. VIEW OF A CIRRUS FROM A SPECIMEN OF COMPSOMETRA LOVtNI FROM N'EW SOUTn WALES. 372, LAT-
ERAL VIEW OF A CIRRUS FROM A SPECIME.V OF TllYSANOMETRA TENELLOIDES FROM SOUTHERN JAPAN. 373, LATERAL VIEW
OF A CIRRUS FROM A SPECIMEN OF CO.MPSOMETRA SERRATA FROM SOUTHERN JaPAJI. 374, LATERAL VIEW OF A CIRRUS
FROM A SPECIMEN OF COCCOMETRA NIGROLINEATA FROM THE GREATER ANTILLES. 375, LATERAL VIEW OF A CTRRU3 FROM A
SPECIMEN OF COCCOMETRA HAGENII FROM FLORIDA. 376, LATERAL VIEW OF A CIRRUS FROM A SPECIMEN OF COCCOUETRA
GUTTATA FROM THE GREATER ANTILLES.
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always of the second type, though they are peculiar in having short segments, par-

ticularly in tholattcr. In the genus Antedon the four east Atlantic species (A. petasiis,

A. bifida, A. moroccarm and A. hupferi) have cirri of the fu-st type combined with short

stout arms (figs. 103, p. 165, and 104, p. 167), as is also the case in the American

species, A. dubenii; w\\i\g those of A. mediterranea and A. adriatica, confined to the

Mediterranean Sea, are of the second type, correlated with elongated and slender

arms (figs. 105, p. 169, and 106, p. 171). Compsometraincommoda (fig. 107, p. 173)

also possesses cirri of the first type combined with comparatively stout arms, wlfile

its near relative, C. loveni (fig. 108, p. 174) has cirri only of the second type and

slender arms. I am not sure that the exceedingly long and stout cirri of Ilaihrometra

prolixa, by wliich that species is at once differentiated from all the others of the

genus, and which are more or less strongly differentiated as a class from the smaller

cirri in the same species, should not be considered as belonging to the first type.

The cirri of the numerous species belonging to the Ilimcrometridie (figs. 335

p. 283, 336-339, p. 285), the Stephanometridse (fig. 340, p. 287), and the Mariametridse,

(figs. 341-344, p. 287), show great variation. Sometimes the charitometrid type may
be made out, sometimes the thalassometrid, and again the cirri appear to be of

the typo indicating a slow and progressive mcrcase in length as seen in the

Macrophreata. As a rule the dorsal spines when developed are very long and

quite distmctive, though exactly the same tj^pe occurs in Zygometra (figs. 332, 333,

p. 283) ; they are often unusually long, and are slender, very sharp, subterminal to

ahnost median (distally), and make a very large angle with the longitudinal axis

of tlic segments, especially in the outer part of the cirri. This condition is per-

ha])s seen most perfected in Stephanometra echinus and in S. tenuipinna. Many
species belonging to these families have cirri which, though without dorsal spines,

are very sharply carinate dorsally in the outer part. This tendency to an excessive

dorsal com])ression is probably correlated with the length and slenderness of the

dorsal spines when they are developed. Running through the Himerometridae (cul-

minating in Craspedometra) (fig. 85, p. 139) we notice a tendency toward a distal

tapering of the cirri, correlated with a proportionate increase in the length of the

distal segments and a progressive suppression of dorsal processes or carination;

the cirri of Craspedometra (fig. 85, p. 139) are very long with numerous segments,

smooth, very stout basally, but tapering to a slender sharp pointed tip, the length

of the segments increasing gradually from the base outward.

The cirri of the Colobometridse (figs. 345-348, p. 289, 349-352, p. 291, and 353-

355, p. 293) are pecuhar in being especially broad, and, though narrower distally,

they do not attain to any great degree of lateral compression. In Cenometra (fig.

345, p. 289) they are both broad and stout, composed of very short subequal segments
wliich have a more or less marked dorsal median longitudinal furrow, and bear on
each segment two dorsal spines, one on each side of the furrow. The cirri of

Oligometra (fig. 352, p. 291) are essentiaUj' the same as those of Cenometra; but the

very small size of the animals has endowed them with certain more or less primi-

tive characters; the component segments, wliich are subequal, are usually nearly

or quite as long as broad, and each (except a few at the base of the cirri) bears

dorsally an uninterrupted transveree ridge, strongly serrate along its crest which.
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Figs 377-382 -377 LATERAL VIEW OF A CISBUS FROM A SPECIMEN OF ZENOMETRA TRISKHIALIS FROM TBE HAWAIIAN ISLANDS.

378 Lateral view of a cirrus from a specimen of Zenomeira collmnaris from Georgu. 379, Lateral ntew of a

CIRRUS from a specimen OF PSATHYROMETRA FRACILIS FROM .NORTHERN JAPAN. 3S0, LATERAL VIEW OF A OKRUS FROM

A SPECIMEN OF .\DELOMETRA TENUIPE3 FROM THE WEST INDIES. 3S1, LATERAL VIEW OF A QRRUS FROM A SPECIMEN OF

LEPTOMETRA PIIAI.^NGIUM FROM NAPLES. 382, CiRRI FROM SPECIMENS OF LEPIOMETRA PHALAKQIVM FROM TUNIS, SHOWINQ

THE VARIOUS TYPES (AFTER P. H. CARPENTER).
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like tlie paired spines in Cenoraetra, assumes a median position shortly after its appear-

ance; in the species of tlio genus Oligometrides (fig. 35,3, p. 293) the transverse ridge

moves to a position near the proximal edge of the segments, and a second transverse

ridge appears near the distal edge. The opposing spine of Oligometra (fig. 352,

p. 291) is slender, median, and perfectly erect, and the terminal claw, as usual in

the Ohgophreata, is rather stout and strongly curved in its pro.ximal tliird, becom-

ing more slender and nearly straight distaUy. The cirri in Cyllometra (figs. 346-

34S, p. 289) in general resemble those of Oligometra, but they may be even more
primitive in having some of the earlier segments slightly elongated, thougli tliis

is only the case in a few species; the transverse ridge may be very high, taking

the form of a liigh tri- or bidentate dorsal spine. The cirri of Decametra (fig.

349, p. 291) and Petasometra are just like those of Cyllometra. The cirri of Colobo-

metra (fig. 350, p. 291), wliich are much elongated, are composed of segments which

are sometimes longer than broad proximally, very short distally; at first there

is a serrate transverse ridge, formed by the recession of the everted chstal dorsal

ends of the segments, which soon divides in the middle and resolves itself into a

pair of dorsal spines; at the extreme tip these two spines fuse into one. The
proximal cirrals of Colohometra, like those of Zenometra (fig. 109, p. 175), have

the distal edges all around armed with long sharp spines, like the edges of the

calyx plates.

The cirri of the species of Atelecrinidse (figs. 405, 406, p. 311, and 414, p. 319),

except Atelecrinv^ anomxilus, are but imperfectly known, as the perfect tip has

never been observed. So far as can be seen they are of the same smooth, strongly

compressed type as that found in all of the Pcntametrocriuidae, and in such genera

as Iridometra, Coccometra, Psathyrometra and T1iysanom,etra; except in Atelecrinus

anomalus (fig. 414, p. 319), wliich has cirri resembling those of Pentametrocrinus

tuberculatus, the component segments are greatly elongated, with somewhat swollen

distal ends, which are often more prominent along the ventral profile than along

the dorsal, the reverse of what is usually the case. At the present state of our

knowledge tliis feature is sufficient to identify the cirri of tliis family.

In the Pentametrocrinidse (figs. 113, p. 181, 119, p. 185, 120, p. 187, 121, p. 189,

and 404, p. 311) the cirii are smooth, with more or less, often greatly, elongated

segments, wliich are strongly compressed laterally. In the species mth very long

cirri, like Pentametrocrinus varians (fig. 119, p. 185) or P. japonicus (fig. 404, p. 311),

these end in a small, short and straight conical terminal claw; but in the species

•with short cirri, like P. diomedese. (fig. 120, p. 187) or P. tuberculatum (fig. 121,

p. 189), the terminal claw is considerably longer than the penultimate segment,

stout basally but tapering (hstally, comparatively straight in the basal half, but in

the distal half strongly curv'od ilownward.

The cirri of the species belonging to the large family Antedonidse, as would
be expected, exliibit a very great degree of variation, though they are all constructed

after tlie same general plan. They may be described as more or less compressed

laterally, especially in the distal portion, slender, the earher segments more or less

elongated and centrally constricted, the outer becoming shghtly shorter, though

never very short, and without true dorsal spines (except in Zenometra), though the
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overlapping edges of the segments may be pointed dorsally; the penultimate seg-

ment (Uffers but little from the precechng, and almost always bears a terminal or

subtorminal opposing spine, wliich, however, is never strongly developed; the

terminal claw is slender, never especially long, and always tapering evenly, and

evenly curved.

There are two hncs of departure from tliis general type. One (which fmds a

parallel in the Atelccrinidae and Pentametrocrinidse) is in the direction of an elonga-

tion of the segments, especially distally, coupled -with an increase in their number

and an excessive lateral flattening wliich extends far inward toward the base of

the cirri, and with the suppression of the opposing spine and great reduction and

straightening of the terminal claw; this reaches the maximum in Thysanometra

(fig. 372, p. 299), and is to be noticed in various degrees of perfection in the species

of Psathyrometra (fig. 379, p. 301), TJiaumatometra, Iiidometra, Compsometra, and

Coccometra (figs. 374-376, p. 299). In Leptometra (figs. 381, 382, p. 301, 383, p. 303,

and 384-386, p. 305), which is an offshoot from the Psathyrometra stock, tlus con-

dition has been carried to an extreme; but it has here been masked by an absence

of the reduction in the size of the cirri, whereby the expansion of the ends of the

segments and the characteristic lateral flattening have become more or less obso-

lete, the cirri as a whole tending toward the condition seen in Craspedometra (fig.

85, p. 139).

The elongation of the cirri may, however, be brought about in an entirely

(hflerent manner; the cirri at first may consist of some half dozen elongated

segments, the number gradually increasing in the subsequent cirri until sometimes

as many as 80, or even more, may be found in the longest. But the added seg-

ments do not resemble the earlier ones. The six segments of the cirri of the young

animal are repeated in all the subsequent cirri without change; the additional seg-

ments are added progressively at the distal end of the later cirri, and they are

progressively shorter and shorter until a minimum length is reached, which is

usually about equal to the transverse diameter, after wliich all the added segments

are the same. Cirri of this type (wliich merely (UfTers from the type characteristic

of the ThalassometridsB in that the short segments are added gradually instead of

with jihylogcnetical suddcimess) may be at once recognized by having the proximal

portion made up of elongated segments and the distal of a greater or lesser series

of short segments of equal size. Such cirri are found in Perometra (fig. 387, p. 307),

Erythrometra, Balanometra, Zenometra (more hke those of the Thalassometridae here)

(figs. 109, p. 175, and 377, 378, p. 301), Adelometra (fig. 380, p. 301), Helioinetra (fig.

392, p. 307), Solanometra, Anthrometra, and Florometra (fig. 391, p. 307), Prorruicho-

crinus, certain species of Coccometra and of Iridometra, Hathrometra, Trichometra,

certain species of Batlitjmctra (fig. 402, p. 311), Hypalometra (fig. 388, p. 307), and

Nanometra (fig. 390, p. 307). In Perometra and in Zenometra we find the same factor

obscuring the general plan that was noticed in Leptometra; for the cirri have

become stout, so that in some cases the normal central constriction of the long

earlier segments has disappeared, the cirri are less compressed distally, and the

outer segments are much shorter than usual and are produced and strongly cari-

nate dorsally, just as in such genera as Asterometra (figs. 94, p. 155, and 362, p. 295),
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Pterometra, Ptilometra (figs. 93, p. 153, and 361, p. 295) or Thalassometra (figs. 95,

p. 157, 96, p. 1.59, and 363, 364, p. 297).

Though the idtiniate results of these two processes of elongation of the cirri,

nil 11.1 111 1 1 n M I M-m \ 1 I I -r-[
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FlQ. 3S5.

Fig. JSfi.

Figs. 3S4-386.—384, Cirri from specimens of Leptomf.tra celtica taken in the Mdjcii. snowiNQ the various types (afteb

P. H. Carpenter). 3S5, Cirri from sPEaMESs or Leptometra celtica from off Cape Sacres, showino the various

tvpes (after p. H. Carpenter). 386, Cirri from specimens of LEPioMETR-t celtica from the Seixe Bank, suowtno

THE VARIOUS TITES (AFTER P. H. CARPENTER).

are very dilTcrcnt in their appearance, the firet giving elongate segments distallv,

rcsembUng those in the proximal jjortion, and the latter giving very short segments

distally, they are really the outcome of identical physiological or developmental
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processes; for in each case there has been simply an elongation of the cirrus, the

produced tip remaining of the same typo as the basal portion in the first instance,

but acquiring flexibihty, and hence inducing a finer division of the primitive

homogeneous calcareous investment, in the second.

Both these processes may often be traced in a single specimen; for the short

cirri at the dorsal pole of the centrodorsal (fig. 310, p. 269) are really the persistent

cirri of the young which were formed at the time when the ventral rim of the

centrodorsal was only just anterior to the proximal (upper) border of their sockets,

and the succeeding cirri were hkewise formed as the centrodorsal gradually

increased in size through additions to its ventral rim, each row of cirri representing

the stage at which the centrodorsal was only the equivalent in size of that portion

of the adult centrodorsal l)etween the upper margin of that row and the dorsal pole.

By a study of the succession of the cirri in good specimens of Leptometra,

TTiysanometra and Nanometra (fig. 310, p. 269) it is at once evident that in all cases

the cirri were at first of the type seen, in a slightly modified form, in Antedon medi-

terranea (figs. 105, p. 169, and 313, p. 271), but have become gradually modified

along the lines described until the adult type has been attained.

The sequence of the added segments in these forms is the same as that described

in the Thalassometridie (p. 290), but with the difference that in the Thalassome-

tridae, as in most of the OUgophreata, there was a crystahzation of the type of cirrus

at or near the stage seen in the Charitometridse (figs. 99, p, 160, and 100, p. 162)

and in Tropidmetra (fig. 356, p. 293), and the change from the short stout and

smooth tj-pe to tlie long, more slender, and spiny type was effected by a cumula-

tive phylogenetic force, restrained for a long time by the inertia of long-estabhshed

habit of form, which finally burst its bonds and all at once gave rise to the per-

fected cirri, such as are seen in the Thalassometridae (figs. 93, p. 153, 94, p. 155,

95, p. 157, and 96, 97, p. 159). The Macrophreata were much more plastic, and

had no primitive fixed cirrus type, so that cirrus development has progressed

evenl}' without any sudden eruption of long pent up phylogenetic force, and each

stage shows merely a uniform and slight advance over the preceding.

There is no correlation whatever observable between the type of cirrus and the

character of the centrodorsal except in such secondary ways as where an increase

in the size of the cirri is accompanied by a corresponding increase in the size of

the centrodorsal, but without any other change in its general form.

Long cirri wdth comparatively long segments proximally and very short seg-

ments distally are found irregularly placed in from one to three rows on a hemi-

spherical or thick discoidal centrodorsal sho'sving no radial resorption in:

Comantlius (part). Oxymetra.

Zygomeira (part). Dichrometra (part).

Amphimetra (part). Cenometra.

Himerometra (part). Colohametra.

Ileterometra (part). Cyllometra.

Pontiometra. Decametra.
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Fio. 392. Fig. 393.

Figs. 3S,-393.—3."!7, Lateral view of a ctrrus fbom a .specimen of Perometra diomede.e from sovthtrs J»piv t*-;Lateral view of a cirrus from a .srEciME.N of Hvpalometra iiEFEnA prom the We.st Indie.s 3<9 i'atfrai vipoTni;A CIRRU.S from a SPEOMEN OF TrKHOMETRA ASPERA FROM THE SOLTIIEA.STERN I NITED StaTE.s' 390
'

I 'iTPRAl vira- nrA CIRRUS FROM A SPECIMEN" OF .VaNOMETRA UOWER.SI FROM -SOUTIIWE.STERN JAPAN. 391 , LATERAL VIKW OF A CIRRT .J rnnJA SPECIME.N OF FlOROMETRA ASPERRIMA FROM .\LA.SKA. 392, LATERAL VIEW OF A CIRRUS FROM A SPrnMEV OF Ilri !r.«VT„ .
MA.\I.MA FROM THE SEA OF JAPAN. 393, LATERAL VIEW OF A CIRRUS FROM A VOU.NO SPECIMEN OF UEUOMETRA OlAnA. >iFROM Davis Strait, in the short, stout, and smooth ciiaritometrid stage

uiuometra olacuus
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Similar cirri, very numerous and very closely crowded, are found on a deep

hemispherical or conical centrodorsal in:

Perometra. Haihrometra.

Ihjpalomdra. Nanometra.

Erythrometra. Heliometra.

Trichometra. Solanometra.

PromacJiocrinus.

Similar cirri, arranged in ten well separated columns, are found on a conical

or columnar centrodorsal which shows extensive radial resorption in:

Pterometra. Stenometra.

Asterometra. Stiremetra.

Thalassometra (part). Cosmiometra (part).

Styhymetra. Zenometra (part).

Crotahmetra. Balanometra.

Adelometra.

Similar cirri, arranged in fifteen columns, which are segregated into radial

groups of three columns each, are found in:

Zenometra (part).

Similar cirri arranged in fifteen crowded columns on a large thick-discoidal

centrodorsal with no radial resorption, are found in:

Ptilometra. PalxocomateUa.

The short stout type of cirrus, as seen in Tropiometra, Catoptometra, Eudio-

crinus, and in the Charitometridse is found with the same five types of centrodorsal

as the long and spinous, though the frequency of the various combinations is dif-

ferent, the emphasis being on the first and fifth combinations instead of on the

first and second.

All the other types of cirri occur only on the surface of centrodorsals which

range from discoidal to hemispherical or conical, with no cUfferentiation into radial

areas, and may be m from one to six or even more rows, alternatmg, very closely

crowded, or with each socket more or less isolated. In general, very slender cirri

are numerous and very closely crowded, wliile stouter cirri are fewer and more

scattered ; with slender cirri also the centrodorsal is larger and more hemispherical

or conical in shape; but this is due to the fact that slender cirri are only found

among the macrophreato forms in which this type of centrodorsal prevails.

In the smaller groups, such as famihes or subfamiHes, the combination of a

certain cirrus tyjie with a particular type of centrodorsal is always of the greatest

importance in defining genera, and often also in defining species.

If we based our deductions upon the study of the comatulids alone, reasoning

from the most complex to the most generalized, we should certainly arrive at the

conclusion that the cirri of the comatulids were at first five in number, just as we
find them to-day five in number in the very young and in the nodals of the pcnta-

crinites, and that each of the five cirri arose beneath the center of the corresponding

radial. At the same time we should su])]k)sc that the postradial series of ossicles

consisted of a linear series, so that the primitive comatulid would bo pictured as a
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Fig. 400. FiQ. 401.

Figs. 394-401.—394, Lateral view of a cirrus from a fui.lt grown PENTACRraoiD larta of Hatiihometra sar-sh from
Norway (after M. Sar.s). 3'Jo, The tip of a small aRRUS from a fully grown pentacrinoid larva of IIatiirometra
SARSII from XorWAY (AFTER M. SAR.S). 398, .\ SECTION FROM THE MIKI'LE OF ONE OF THE LONGER CIRRI OF A FCLLV
GROWN PENTACRINOID LARVA OF H-\THR0METItA SAR.'^II FKOM NORWAY (AFTER M. SaRS). 397, LATERAL VIEW OF A CIRRUS
FROM A SPECIMEN OF IlATHROMETRA SARSII FROM NORWAY (CAMERA LUCIDA DRAWING BY THE AUTHOR). 39S, TllE TIP OF
A SMALL CIRRUS FROM A FULLY GROW.N PENTACRLNOID LARVA OF HaTHROMETRA SARSU FROM NoRWAV (AFTER M. SaRSK
399, .\ DEVELOPING CIRRUS FROM A FULLY GROW.V PENTRACRINOID LARVA OF IlATHROMETRA .SARSII FROM NORWAY (AFTER
M. SARS). 400, LATERAL VIEW OF A CIRRUS FROM A SPECIMEN OF TRICIIOMKTRA AMERICANA FROM THE CRAND BANKS.
401, Lateral view of a cirrus from a specime.n of Uathrometra dentata from southern Massachusetts.
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creature with five arms like Pentametrocrinus and a centrodorsal bearing five cirri,

in cverj' way like the nodal of an Isocrinus.

We should imagine that the increase in the number of the cirri took place by a

process similar to, though entirol}' independent of, the method of reduplication of

the arms, and that the first step was a pairing or twiiming of the primitive cirrus

elements, whereby 2 cirri, just alike, were produced in each radial area instead

of the original 1, exactly as the 10 arms of most comatulids arose from the orig-

inal 5. Each of the 10 arms in the various pairs is practically the exact duplicate

of its fellow, and the pairs are separated from the radial by the interpolation of 2

ossicles which are reduplicated repetitions of the 2 first ossicles in either arm,

which themselves are a pair of twins derived jihylogenetically from the first 2

ossicles of the primitive unpaired arm, this in turn being the resultant from 2

pairs of primitive ambulacral plates.

In the case of the cirri the di%'ision of the originally single cirrus into two would

take place at the base, as in the case of the arms, but the base is entirely within the

centrodorsal, and usually within the free central cavity so that the cirri, instead

of appearing externaUy as a paired organ appear as two similar organs side by side,

usually slightty displaced by crowding. Further reduplication of the cirri might

have been carried on in either of two ways: (1 ) A more or less continuous budding

might take place, the original cirrus stem putting forth additional cirri as a tree puts

forth branches; or (2) the paired condition may be reduplicated, giving rise to cirri

in paired columns.

By this reasoning we see how the body appendages, both the arms and the

cirri, reduce themselves each to a single simple linear series of essentially similar

segments ; that is, to a pair of such appendages to each half somite, comparable to

the paired somatic appendages of the crustaceans. No comatulid is highly special-

ized, and none are primitive, in all their characters, but each type is composed of

characters some of which are highly specialized whUe the remainder are primitive,

the characters changing their relative balance in each group, though a general

balance is observable every\^'here. In the comatulids as we know them, that is,

without regard to their phylogenetic history, the very large centrodorsal with ex-

ceedmgly numerous cirri is probably the most primitive type, as most nearly ap-

proaching the conditions found m the closely related pentaci inites, but this is always

associated with a high grade of specialization in other structures. Conversely,

the most primitive type of comatulid arm is invariably found with highly- specialized

cini and an enormouslj^ developed musculature.

The relationship of the chief types of cirri to the larger systematic groups is

briefly shown m the followuig table:

A. Short, stout and smooth cirri, with a small number of similar and suheciual

segments.

B. Longer cirri with more numerous segments, of which (he distal are shorter

than the proximal and bear dorsal processes.

C. Enormously elongated cirri, with the same structure as those grouped

under B.
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Fig. 402.
FlO. 403.

Fia. 404.

Fio. 405.

I 1 r- T I I I—r-

Fios. 402-406.—402, Lateral view of a cirrus from a spEaHEN of Batiitmetra drevicirra from the western Bcrino
Sea. 403, Lateral view of a cirrus from a specimen of Batih-metra mojutissima from Brazil. 404, Lateral
VTEW of a CIP.RCS FROM A SPEQMEN OF PENTAMETROCRKUS JAPONIci'S FROM SOUTHERN JAPAN. 405, LATERAL VIEW OF A

CIRRUS FROM A SPECIMEN OF ATELECRINUS CONIFER FROM THE lUWAIUN ISLANDS. 40(i. A QRRUS FROM A SPEaME.N OF
ATELECRINUS BALANOIDES FROM PORTO UiCO VIEWED (a) DORSALLY AND (6) LATERALLY.
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'D. Greatly oloiigatod cirri tapering to a sharp point; the distal segments are

elongated and without dorsal processc^s; there is no opposing spuie and the teiminal

claw is nearly straight.

Comasteridffi (the emphasis at B) - A, B
Zygometridse ; Antedonidse A, B, C, D
Himerometridse (the emphasis at B) B, C, D
Stephanometridae; Mariametridse; Colobometridse (the empha-

sis at B) B, C
Tropiometridse A
Calometridse B
Thalassometridse (the emphasis at C) B, C
Charitomctridfe (the emphasis at A) A, B
Pentamctrocrinidjei Atelecrinidse A, D
The interrelationships between the various types of cirri and of centrodorsals,

and the relations of both to the larger systematic groups, are briefly shown in the

following table:

A. The primitive type of centrodorsal.

B. Thick discoidal or columnar centrodorsals, tending to become more or less

conical; the cirrus sockets are in columns, three or more to each radial area, but the

radial areas are not marked off from each other.

C. Columnar or conical centrodorsals, with the surface distinctly marked off

into radial areas; the cirrus sockets are in three columns in each radial area.

D. Columnar or conical centrodorsals, much reduced in size; the surface is

sharply differentiated into radial areas; the cirrus sockets are in two columns in

each radial area.

A. Short, stout and smooth cirri, with a small number of similar and subequal
segments.

B. Longer cirri, with more numerous segments, of which the distal are shorter

than the proximal anil bear dorsal processes.

C. Enormously elongated cirri, with the same structure as those grouped
under B.

D. Greatly elongated cirri tapering to a sharp point; the distal segments are

elongated and without dorsal processes; there is no opposing spine and the terminal
claw is nearly straight.

Centrodorsal. Cirri.

Comasteridae A A, B
Zygometridse A A, B, C, D
Himerometridae A B, C, D
Stephanometridse; Mariametridse; Colobo-

metrida3 A B, C
Tropiometridse. A A
Calometridje ; A B
Thalassometridse B-D (D) B, C
Charitometridae A-C (B-C) A, B
Antedonidfe A-D (A) A, B, C, D
Pentametrocrinidffi A A, D
Atelecrinidse C-D A, D
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Infrahasah.

In the crinoids the infrabasals normally form a closed circlet of five small
plates about the dorsal apex of the animal, resting with the inner portion of their

external faces upon the topmost columnal (figs. 570, 571, pi. 7).

The infrabasals, which correspond to the oculare in the ecliinoids, are inter-

somatic in position, each being situated directly beneath a radial; they alternate

with the larger basals, which, forming a similar closed circlet just beyond them,
are midsomatic in position and correspond to the echinoid genitals.

The infrabasals are the first plates in the intersomatic or radial series, and are
the only trae calyx plates belonging to that series, the radials and followdng ossiclea

being, strictly speaking, brachials.

Ordinarily the plates succeeding the infrabasals are arranged uniserially, at

least for a short distance; but in the genera Promachocrinus and Thnitmatocrinus

(figs. 113, 114, p. 181) each infrabasal is followed by two radials instead of by the

usual one so that the arrangement here is in certain respects homologous to that

which is found in those echinoids which possess multicolumnar ambulacra! scries.

There appears to be a definite connection and correlation between the infra-

basals (and the oculars, which correspond to them in the echinoids) and the suc-

ceeding series of plates, just as there is a definite correlation between the basals and
the orals, though of entirely different significance.

In the urchins the oculars always stand at the head of the ambulacra! series,

from which they are never separated. In certain crinoids a subradial plate occurs

between the basiils beneath the right posterior radial which connect the infra-

basals and the radials, representing the entire ambulacral series of the urchins

except for the plates immediately surrounding the peristome, which correspond to

the radials. This, however, is an exceedingly rare condition.

While in the echinoids the oculars always remain extremely important con-

stituents of the test, and are perhaps the most important plates of the coronal ring,

the general tendency in the crinoids has been toward the suppression of their

equivalents, the infrabasals, and with the suppression of the infrabasals has come
the similar suppression of the following series of plates which are usually, and

always in the later types, dispensed with altogether except for the radials, repre-

senting the echinoid ambulacrals immediately surrounding the peristome, and these

are now separated from the infrabasals by a closed circlet of basals.

In the blastoids the conditions are essentially similar to those in certain crinoids;

there are no infrabasals, and the ambulacral or radial series is reduced to the forked

plate, corresponding to the radial, which encloses the ambulacrals, corresponding

to the brachials of the crinoid arm.

In the crinoids the infrabasals lie at the distal end of the radial water tube, in

exactly the same position as the oculare are found in the echinoitls. The water

tube of the arms is in reality merely a side branch from the true water tube, which

runs around the side of the body from the circumoral ring to the infrabasals, and

has no further morphological significance. Though in the later crinoids the water

tube leading from the edge of the disk to the infrabasals is insignificant when com-
79146°—Bull. 82—15 21
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parod with that of the arms, in the earlier forms, in which the calj^x was very large

and the arms very short, the latter must have been very insignificant when com-

pared with the former.

In studying the homologies of the echinoid and crinoid plates in the developing

young we are at a great disadvantage; for in the young crinoitl the infrabasals are

so atrophied as largely to have lost any fundamental significance which they may
originally have had; the plates (theoretically) normally present between the infra-

basals and the radials do not appear at all, except for the right posterior which is

formed, very late in life, far out of its normal position; and the basals have become

enormously enlarged, composing the entire dorsal investment of the catyx and, being

in mutual apposition, widely separating the infrabasals from the succeeding plates in

the radial series.

As I understand it, it is the atrophy of the infrabasals, the suppression of the

plates between the infrabasals and the radials, and the enormous growth of the

basals which have combined to exclude the infrabasals from their primitive posi-

tion and primitive connection with the distal end of the water tube.

But it should be emphasized that the water tube grows not only outward into

the arm (an offshoot of purely secondary morphological importance) but downward

into the centrodorsal; in other words, it eventually comes into its true relations with

the infrabasals by growing beyond the radials.

In the later fossil and in the recent crinoids the infrabasals are greatly reduced

and fimctionlcss, or absent altogether; but as the structure of the animals by the

application of the wcU known law of Wachsmuth and Spiinger is shown to be

dicyclic it is assumed that they are either present in the young, but become resorbed

during the ontogeny, or that they have so recently disappeared that their effect

uj)on the general structure still poreists.

In many of the later fossil and in the recent crinoids (excepting those of the

family Plicatocrinidse) the column is characterized by a defuiite growth lunit after

reaching which no further development occurs, but the topmost columnal enlarges

and becomes permanently attached to the calyx by close suture, forming a so-called

proximale which is in all essentials an apical calyx plate. With this proximale the

infraljasals, greatly reduced and concealed by the column, fuse, formuig with it

what is practically a single ossicle. This condition occurs in all the recent coma-

tulids in which infrabasals have been observed, the centrodorsal beuig formed

partly by the greatly enlarged topmost columnal, now become an apical caljTC plate,

and partly by the circlet of infrabasals fused with it.

In the two pelagic comatulids, Marswpites and TJintacrinns, we find, as would

be expected, an aberrant partial reversion to prmiitive conditions resulting from

the absence of a column and the consequent absence of the factors which call for

a great reduction m size of the calyx plates and for their coalition into a compact

mass. In Marswpites, which is an extreme t^'po, the five mfrabasals are oi enor-

mous size (fig. 565, pi. 7), as large as the basals and the central apical plate, and

form a very important part of the calcareous uivostment of the body. The enor-

mously elongated arms of Uintacrinus necessitated a great reduction ui the size of

the plates covering the body, though in this genus we frequently, but not always,



MONOGRAPH OF THE EXISTING CRINOIDS. 315

find a circlet of small free unmetamorphosod infrabasals surrounding the central
apical plate (fig. 572a pi. 7).

In the pentacrinites the proximale never becomes attached to the calyx, but is

continually reduplicated, each reduplication as it is formed being shoved away from
the calyx by the formation of another between it and the calyx plates, all the multiple
proximales later becoming separated from each other by the intercalation of a
definite number of so-caUed nodals (fig. 127, p. 197). Thus there is no opportunity
offered for the infrabasals to fuse with the proximale, and so in the pentacrinites

we find them forming a definite circlet of minute plates within the circlet of basals

and entirely concealed by the column (figs. 566-568, pi. 7).

In the Plicatocrinidae (figs. 144, p. 207 and 145, p. 209) there is no evidence what-
ever of the possession of infrabasals, and also there is no evidence that they ever
existed in any of the ancestors of the family, the Plicatocruudse being as anomalous
m this regard as they are in respect to their columns. In all the other recent

fonns, however, infrabasals are either actually or potentially present.

Among the recent comatulids, though aU are shown to be dicyclic by the

application of Wachsmuth and Springer's law, oidy three species, all belonging to

the same family and two to the same genus, are definitely known to possess infra-

basals, and ui all of these they are present as iiidiAndual plates only in the very

young pentacruioid, at a very early stage fusing with the topmost columnal or

proximale to form, in conjunction with it, the centrodorsal.

Infrabasals have been conclusively demonstrated in Aniedon mediterranca by
Bury (figs. 569-571, pi. 7), and in ^4. adriatica by Seeliger. I have found them to

be large and well developed in Promachocrinus Tcerguelensis.

Observations which seem to show that they are not developed in the young
have been made on Antedon petasus (Mortensen), A. iijida (Wj^-iUe Thomson, W.
B. Carpenter, P. H. Carpenter, Perrier, and the present author), A. moroccana

(Perrier), Compsometra loveni (the present author), Hailirometra prolixa (Mortensen

and the present author), H. sarsii (M. Sars), Ptilometra miilleri (H. L. Clark and

the present author), Comactinia meridionaJis (Mortensen and the present author),

and Comanthus wahlbergii (the present author).

Most of those observations, however, can not be considered as at all conclusive,

as the material available for study was very limited.

In Atelecrinus balanoides P. H. Carpenter noticed that withui the ring formed

by the persistent unmetamorphosod basals excessively delicate processes project

inward from near the lateral margin of each basal; it is possible that these proc-

esses are the remauis of infrabasals, which have been for the most part resorbed.

In Antedon mediterranea Bury found that the infrabasals make their appear-

ance m the larva earlj- on the seventh day. They are found at the posterior (i. e.,

proximal) end of the series of columnars, and in form resemble small basds, though

they are developed at a much deeper level and are usually nearer the posterior

end of the body than the two ventral basals. They are t^iiically three in number

(rarely four or five) and are at first equal m size; but after a while two of them

begin to grow more rapidly than the third, eventually becoming about double its

size. The smallest infrabasal lies m the anterior radial area of the adult, cor-
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responding to the ratlins opposite the intorradius containing; the water pore. The

infrabasids, like the other plates, seem at first to avoid the ventral side, and in

the rare cases where five infrabasals are developed, they appear to be arranged

in the form of a horseshoe, quite as widely open ventrally as that of the basals

and orals. At the time of the fixation of the larva the inner border of each infra-

basal becomes smooth and concave, and they then arrange themselves in a circle

around the chambered organ just above the topmost coluiiinal. The arrangement

of these plates is still the same as in the earlier stage, the smallest plate being in

radius A. At a slightly later stage these three plates fuse with one another and

with the topmost columnal so as to form one large plate. Though the sutures of

the infrabasals stiU persist, the plates themselves have grown out into five angles;

these angles are radial in position, fitting in between the edges of the basals and,

while the infrabasal in radius A produces only one angle, each of the other two

grows out mto two angles; at a slightly later stage the sutures disappear, though

the groove separating the infrabasals from the topmost columnal persists for some

time. The whole large ])late formed by the coalition of the circlet of infrabasals

with the topmost columnal is therefore in reality a double structure, the lower half

onlj' being the true centrodorsal.

In Antedon adriatica Seehger found that the infrabasals are developed at a

little over four days; they are usually four or five, rarely three, in number. The

two lateral infrabasals on either side lie moilerately near together, and may be

the morphological equivalent of Burj^'s large lateral infrabasals observed in A.

mediterranra.

In Promachocrinus Icerguelensis the infrabasals, which are five in number, are

much larger than m the two species of Antedon in which they have been found, and

remain distinct from the centrodorsal until a considerabl}^ later period. They are

all of approximately equal size, forming a circlet of rounded plates about the top of

the column.

It is mdeed strange that such painstaking and accurate observers as Thomson,

Perrier, and the two Carpenters should have overlooked such prominent structures

in Antedon bifida if they really occur in that species. Antedon adriatica is the

least specialized of aU the species of the genus, and A. mediterranea is only slightly

more advanced; the former has four or five iinderbasals, the latter three. Antedon

bifida, A. moroccana, A. peta^us, A. hupferi and A. diibenii represent phylogeneti-

cally a great step in advance over the two Mediterranean forms, and it is quite

witliin the bounds of i)ossibility that, as a result of acceleration of development,

all traces of infrabasals have been lost in the ontogeny of these five Atlantic species.

Basals, and structuresformedfrom and associated with them..

The basals, primarily five in mmiber, in the later crinoids typically form a circlet

about the apical portion of the body between the circlet of infrabasals and the

circlet of radials, with both of which they alternate in position, being midsomatic

or interradial (figs. 565, 566, pi. 7, 576, pi. 9, 579, pi. 11, and 583, pi. 12); they cor-

respond to the genitals of the echinoids.

In nearly all of the recent crinoids the basals are abnormal in their develop-

ment; they may be reduced to three, as in ILjoa'inus, ThaJnssomnus (fig. 145, p. 209),
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Fig. 407. Fio. 411. Fig. 412. Fig. 413.

Figs 407-413 —407 A VERT TOUNO pentacrinoid labta or HATnunMETRA SAR.sn FROM Norway, sbowtng the lono

«nnBr.,TETi<-Rranro columnals. the scalloped terminal stem plate and, in the crown, the basals and ORAUS (ArTER

LIETKA
.\

E.STA-

ll-\ M r. IMlMl'.^-^l-l.-'. "«*•, ,.«»."•" -..- — - ...— - --

PENTICRINOID LARVA OF COMACTINIA MERIDIONAUS FROM Yl'CATAX, SlIOWISC. THREE I.NTERRADIAUS INSTEAD OF THE MORE

USUAL ONE 413, Lateral view of a vouno pentacbdjoid larva of Uaiubometka sabsu from Norway, witu ibk

IBri just forming (after M. Sabs).
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and Ptilocrimis (fig. 144, p. 207); they may be immensely elongated, as in Demo-

crinus (fig. 133, p. 203); they may be turned inward so that they come to lie more

or less parallel to the dorsoventral axis and fused into a solid conical or subcylin-

drical ring or plate, as in EMzocrinus, Bathycrinus, and Monachocrinus (fig. 134, p.

203, they may be turned outward so that they lie flat and form a platform upon

which the radials and the calyx rest, as in the pentacriuites ; or they may be entirely

metamorphosed so that they come to form an internal septum, as in the great

majority of the comatulids.

In the progressive specialization and perfection of the phylogenetic line ter-

minating in the comatulids and the pentacrinites the chief factor involved is the

progressive reduction and strengthening of the caljrx. First the subradial and

Lnterradial plates dwindle and disappear, persisting longest in the posterior inter-

radius and beneath the right posterior ray; next the infrabasals become affected,

decreasing in size and often also in number, gradually leaning outward and con-

tinually decreasing the diameter of their circlet until they become quite negligible

as integral parts of the skeletal system, when they fuse with the proximale or

disappear altogether; after the infrabasals the basals become affected, in their

degeneration following much the same path as that previously taken by the infra-

basals; they decrease in size and often become reduced to three, at the same time

either gradually leaning outward so that they ultimately form a small platform

upon which the radials and the visceral mass rest and finally, through a curious

process of metamorphosis, passing aroimd the dorsal nerves and reappearing as a

thin septum between the dorsal nervous mass and the visceral cavity, or gradually

leaning inward and fusing so that they form a truncated conical jilate or ring wliich

is in effect nothing more than a first columnal.

Among the recent comatulids the genera Atelecrinus (figs. 123, p. 192, 124,

125, p. 193, 414, p. 319, and 573, pi. 8, and Atopocrinus (fig. 227, p. 245) are the

only ones in which the basals persist as basals instead of becoming metamorphosed

into a rosette. In the species of Atelecrinus, excepting only in A. anomalus (fig.

414, ]). 319), in which they are still very large, the basals have become arrested ui

their specialization so that in the adults they are at approximately the same onto-

genetical stage as are those of Antedon at the time of the beginning of the free exist-

ence (fig. 594, pi. 16), or as are those of the pentaciinites. As described by Car-

enter "they are in complete contact laterally so as to form an unbroken ring about

the central opening of the calyx" which is "encroached upon by excessively delicate

processes that project iivward from near the lateral margin of each basal." These

delicate processes may possibly represent the partially resorbed infrabasals.

Carpenter notes that m the young Atelecrinus balanoides (fig. 573, jil. 8) the

basals externally "form a kmd of belt of tolerably uniform height with the inter-

radial angles somewhat produced which everywhere separates the * * *

radials from the centrodorsal. " He notes further that "the extent of development

of the basals varies with the size of the individual, apparently diminishing with

age. * * * Jq ^jjg smallest specimen they are wide but low pentagons which

fall away very rapidly from their interradial apices to the points where they meet
one another beneath the radials. The middle of each basal rests on the top of one
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Fio. 415.

Figs 414-415 -414, Lateral view of a specimen of Aielecrinus anomalus from the East Indies, showino the vert

LARGE BASAL3 AND THE COMPARATIVELY SHORT AND STOUT aREl. 415, LATERAL VIEW OF A YOPNG INDIVIDVAL OF SOME

SPECIES OF CHARITOMETEID* FROM THE PHILIPPINE ISLANDS, SHOWDiO EXCEPTIONALLY LARGE BASAL RAYS.
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of the intorradiiil ridges at the upper end of the centrodorsal. * * * The pen-

tagonal shape of the basals is still traceable in slightly older specimens * * *

but in still older ones * * * the amount of the radials which is visible on the

exterior of the calyx becomes relatively less and less, and the same is the case

with the basals. These are best <lescribed as triangular, with their lower angles

extended so as just to meet those of their fellows and separate the radials from the

centrodorsal by what is practically little more than a line, only ^visible at all under

specially favorable conditions of light." Carpenter beUeved that even this is

absent in part of some of the specimens, so that the radials actually come into

partial contact with the centrodorsal. This has been found to be the case in speci-

mens recently collected, in some of which the basals are only to be seen in the

angles of the calyx, where they are scarcely so promment as are the basal rays in

many forms.

The basals of Atelecrinus were said to be comparable to those of the penta-

crinites; the comparison may be made still closer if the pentacrinite genus Endoxo-

crinus is suggested, for in Endoxocrinus there are no infrabasals, and the basal ring,

therefore, is quite free interiorly.

In all the recent comatvdids excepting Atelecrinus the basals in the adult

become metamorphosed into a peculiar plate, aptly termed by W. B. Carpenter the

rosette. In the words of Carpenter, the rosette of Antedon bifida
'

'may be described

as consisting of a disk perforated in the center, with ten rays proceeding from it,

five of these rays being triangular in form and nearly flat whUst each of the other

five that alternate with these has parallel margins inflected on its ventral aspect in

such a manner as to form a groove, whilst the ray curves to its dorsal aspect in such

a manner as to bring this groove to the periphery of the rosette, and then terminates

abiiiptly as if truncated. Around the central perforation we sometimes find on the

ventral surface an irregular raised collar, obviously corresponding to the central

passage of the annulus of the pentagonal base, but more commonly this is replaced

by a number of vertical processes irregularly disposed. Its diameter in a full-grown

specimen is about 0.045 inch. When we look at this rosette in position we find that

the five triangular rays are directed to the sutures between the five radials, their

apices joining the contiguous pairs of these just between their two adjacent aper-

tures leading to the radial canals, whilst each of the five spoutlike rays join the

inflected margins of the former, being applied to the borders of the vertical furrow

of the latter in such a manner that the two grooves arc united into a complete canal."

Notwithstanding the apparent continuity between the calcareous reticulation of

the rosette and that of the pentagonal base at the extremity of each ray of the

former, Carpenter was "disposed to think the continuity not real, since, after

boiling in a solution of potash, the rosette separates itself from the radials without
any positive fracture at these points. A real continuity, however, would seem to

exist between the central prolongations of the radials and the discoidal portion of

the rosette, these prolongations attaching themselves to it either separately or

after coalescing with each other cither to a slight extent or so completely as to

form the collar just described, and this junction being so complete that its sepa-

ration can only bo efl'ectcd by fracture."
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Fig. •127 Fig. 42S. Fio. -129. FlO. -130.

Figs. 41&-430.—116, An isolated basal kat from a specimen of Neocomatelu alata from toe West Inpixs viewed (a)

VENTRALLY AND (6) DORSALLY (AFTER P. H. CARPENTER). 417, AN ISOLATED BASAL RAY FROM A SPEOMEN OF TROPI-
OMETRA PICTA \TEWED (O) DOESALLY AND (6) VENTRALLY (.KTTER P. H. CARPENTER). 41S, AN ISOLATED BASAL RAY FROM
A SPECDIEN OF SOLANOMETRA ANTARCTICA FROM THE ANTARCTIC OCEAN VIEWED (d) \T:NTRALLY AND (6) DOR,SAU.V (.IFTER
P. II. Carpenter). 41',i, An isolated compound b.vsalfrom a specimen of Comatuu rotalirla viewed (a) ventrally
AND (6) DORSALLY (.IFTER P. H. CARPENTER). 420, A COMPOUND BASAL FROM A SPECIMEN OF COSIANTIIUS PARVICIRRA
FROM THE Philippine Islands viewed (a) ventrally and (6) doe.sally (.ifter P. U. Carpenter). 421, .\N isolated
COMPOUND BA.SAL FROM A SPECIMEN OF CoM.lCTINIA MERIDI1>NALI3 VIEWED (0) VENTRALLY AND (6) DORSALLY (AFTER
P. U. CARPENTER). 4'22, AN ISOLATED COMPOUND U.tSAL FROM A SPECIMEN OF COM.tTULA PECTINATA NIEWED (a) VEN-
TRALLY AND (6) DORSALLY (.IFIER P. II. CARPENTER). 423, VENTRAL VIEW OF THE R.IOIAL PENTAGON OF A .SPEOMEN OF
TROPIOMETRA PICTA WITH TWO RAD1AL3 RE.MOVED, SHOWING A BASAL RAY IN POSITION (AFTER P. H. CARPENTER). 424,

Two UNITED COMPOUND BAS.VLS FROM A SPECIMEN OF CoMANTlIUS PARVIORRA FROM THE PHILIPPINE ISL.\NDS VIEWED
DORSALLY (AFTER P. II. CARPENTER). 425, TWO UNITED COMPOUND BASALS FROM A SPEQMEN OF COUA>^UUS PARVIHRRA
FROM THE PllIUPPINE ISL.4NDS VIEWED VENTR.VLI.V (AFTER P. II. CARPENTER). 426, TWO UNITED COMPOUND BASALS
FROM A SPEnMEN OF CoM.VNTHUS PARMCIRRA \TEWED VENTRALLY (.VFTER P. II. CARPENTER). 427, PoRSAL VIEW OF A
E.tDIAL FROM A SPECIMEN OF NeOCOMATELLA ALATA FROM THE W'E.ST INDIES WITH A B.I.SAL BAT .VTTACUED (.IFTER P. II.

Carpenter). 428, Ventral mew of a rosette from a specimen of Antedon bifida from England with two spout-
like INTERRADIAL PROCESSES AND A BASAL BRIDGE CONN'ECTING THE ENDS OF TWO R.U»LVL PROCESSES ( .MTER P. H. CAR-
PENTER). 429, Dorsal vtew of a rosette from a speomen of .\ntedon bifida from Kngland with two spout-uke
INTEKRADLAL PROCESSES AND A BA.SAL BRIDGE CONNECTING THE ENDS OF TWO RADIAL PROCESSES (AFTER P. II. CARPENTER.
430, AN ISOLATED BASAL FROM A SPECIMEN OF ATELECIilNUS BALANOUIES VIEWED (d) FROM THE LNNER END AND (6) DORSALLY
(AFTEB P. H. CARPENTER).
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Speaking of tho rosettes of all the comatulids in which he knew them, P. H.

Carpenter says: "The inflected margins of these five radial spoutlikc processes

are applied to the similarly inflected margins of the dorsal half of the axial radial

furrow, lying between the two apertures of the central canal on the internal face

of each radial. In this manner a complete radial canal is formed which terminates

on the doi-sal surface of the radial pentagon, or becomes closed before it reaches the

doreal surface by the union of ingrowths developed from its walls. Besides this very

Ultimate union between the peripheral portion of the rosette and the internal faces

of the radials, its central portion is also frccjuently connected with the radial penta-

gon by delicate processes which sometimes sprout forth irregularly from the inner

margins of the component pieces of the latter, but sometimes form a more regular

ingrowth which considerably contracts the central space on the ventral aspect of

the disk and becomes continuous with an annular projection from the ventral face

of the rosette."

Of the basals at their maximum development in Antedon biJida,W. B. Carpenter

writes: "At the beginning of the free stage the circlet of basals, which for the most

part is concealed externally by the centrodorsal, is found, when exposed by the

removal of the latter, to differ very little either in size or aspect from the circlet first

completed in the pentacrinoid. The form of each plate is an irregular trapezoid with

its lower angle truncated, and it still retains the solid pellucid margin which origi-

nally characterized it. But it has undergone a remarkable thickening by an endog-

enous extension of its calcareous network, and this has taken place in such a manner

as to leave its substance channeled out by a canal which commences at its lower

truncated angle and almost immediately bifurcates, the two branches diverging in

such a manner as to pass toward the two radials which severally abut on the sides of

the upper triangle of each basal. This canal gives passage to a large sarcodic cord

that proceeds from the wall of the chambered organ. Each of the five primary

cords (which originally lay on the internal surface of the basals forming the floor

of the calyx) subdivides into two branches within the basal whose canal it enters,

and thus each of the radials receives two branches supplied to it through the two

basals upon which it rests."

Regarding the formation of the rosette he says: "The mode in which the

rosette is formed by the remodeling and subsequent coalescence of the five basals,

and in which the sarcodic extensions of the central axis, which are transmitted

through the radials to the arms and pinnules, come to lie on the dorsal or external

face of the rosette, is as follows: The cribriform plate of which each basal at firet

entirely consisted is so much thickened by endogenous growth during the later

stages of pentacrinoid life that the radial sarcodic cords come to be entirely mvested

by calcareous reticulation; and the floor of the ventral cavity shows no inequality

as we pass from the central portion formed by the basals to the peripheral formed

by the radials. Very soon after the detachment of the young Antedon, however,

a remarkable change begins to show itself in the basal pentagon, which is now
entirely concealed externally by the extension of the centrodorsal over its dorsal

surface; for the cribriform film of which each basal plate was originally composed,

and which still forms its external layer, now undergoes resorption, especially where
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it covers in the radial prolongation of the axis, so that the central space left by the
incomplete meetmg of the valves of the basal pentagon is extended on its external
aspect into five broad rays, though on its mtcrnal or ventral aspect, where it is

bounded by the last-formed portion of the endogenous reticulation, it shows no
correspondmg increase. This removal of the older and outer part of each basal

plate by resorption, and the consolidation of the newer and mner by additional

calcareous deposit, go on at a rapid rate, so that in specimens whose size and general
development show but little advance upon the earliest Antedon type we find the
basals already modeled into such a form that their coalescence will produce a
somewhat unshapely rosette. In figure 584, plate 12, is showTi the dorsal aspect of

one of the basal plates in which the removal of the external layer has been carried

so much further that what is now left of it constitutes only a kind of tluckened
margin along those sides of the plate which are received between the radials, and
by an extension of the same process along the median fine of each plate until the

external layer has been completely removed from its salient angle the two lateral

portions of that layer separated from each other (at their distal ends) and remain
only as a pair of curved processes extending themselves from the iancr layer in

such a manner as to give to the plate when viewed from its ventral side somewhat
of the aspect of a saddle. When the five basals thus altered are in their normal
apposition the curved processes on either side of each plate come mto contact with

the corresponding processes of its next neighbor, and the junction of the two forms

a sort of ray curving toward the dorsal aspect (this being the rudiment of one of

the five radial or spoutUke processes). As each plate thus contributes the half

of two of these curved rays, five such rays are formed between the five sahent

processes which are put forth by the internal or ventral layer on the median lines

of the five plates and are received into the retreating angles formed by the junction

of the radials. Very soon an actual continuity is cstabUshed in the calcareous

reticulation along the lines of junction and the rosette is completed, although the

pecuharity of its shape becomes much more strongly pronounced with the subse-

quent increase of its size. Thus the rosette is essentiaUy formed at the expense of

the secondary or ventral layer of the original basals, the ends of the curved rays (or

spoutlike processes) being the sole residue of their primary or dorsal layer, and

since, by the removal of the median portion of that layer in each plate the primary

basal cords are left bare on their dorsal aspect, they now pass from the central axis

(the chambered organ) into the canals of the radials on the outside (dorsal side) of

the calcareous skeleton which occupies the central part of the base of the calyx

instead of reaching these by passing (as they did in the first instance) along its

internal (ventral) face or (as at a later period) through the middle of its substance."

In regard to the relationship between the rosette and the axial nerve cords,

P. H. Carpenter says: "Each of the primary basal cords, which are interradial in

position, divides into two branches toward the periphery of the rosette, on the

dorsal (outer) surface of which it rests. These branches lie in the shallow channels

which mark the union of the base of each interradial triangular process with the

two curved lateral processes, each of which unites with a corresponding process

from the adjacent basal to form one of the five spoutlike processes of the rosette.
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The apox of each t iian<j;ular process is directed to the suture between two con-

tif^uous radJals to which it is attached just between the two adjacent apertures of

their central canals. Into these canals pass the secondary basal cords, one into

each of the two contiguous radials, so that one lies on each side of the interradial

process of the rosette.

"As a general rule this process, both in Antedon and in Leptometra {"Antedon

fbalang'ium") (figs. 428, 429, p. 321, and 589, 590, pi. 14), is short, triangular, and

slight!}' curved toward the ventral side. It is not always so, for I [Carpenter] have

frequently met with specimens of Antedon in which one or more of the interradial

processes of tlie rosette, after bending for a short distance toward the ventral side,

turns suddenly downward and extends toward the dorsal surface of the radial pen-

tagon. At the same time the parallel margins of each of these abnormally devel-

oped processes are so inflected toward the dorsal surface as to form a narrow

interradial spoutUke process. Tliis is so appUed to the projecting and similarly

inflected outer edges of the adjacent openings of the central canals in two contigu-

ous radials as to convert the interradial furrow lying between them into a com-

plete axial interradial canal, precisely similar in character to the radial axial canals."

Carpenter met with one extreme case in which four of the five interradial

processes of the rosette were of this character. He states that this is the normal

condition of the interradial processes in the Comasteridse and in many of the endo-

cycUc forms.

He continues: "Not only the interradial, but also the radial processes of the

rosette in Antedon may exhibit departures from their usual shape; for the removal

of the primary or dorsal layer at the salient angle of one or more of the five embryonic

basals may be incomplete so that the ends of the curved rays of the rosette exhibit

lateral processes which are the remains of the upper margins of the primitive basal

plates on which the radials rested. Occasionally the apex of the original basal is

left unabsorbed, so that the two lateral curved processes which remain after the

removal of the primary external layer along the median line of each plate remain in

connection with one another. * * * T:hQ triangular interradial process, which

is developed from a secondary calcareous deposit on the ventral side of the original

basal, has here become more or less completely united with these primary bars con-

necting the two lateral portions of the basal. The latter retain their primitive rela-

tion to the radials, for they remain united with them along the inner margin of their

dorsal faces; and as they partially cover in the sccondaiy basal cords on their

dorsal aspect before they enter the central canals of the radials, I [Carpenter] wiU

call them the basal bridge."

This basal bridge is a characteristic feature of the structure of the Comasteridse,

and of many of the other oligophreate comatulids, but is only rarely evident in

Antedon or in Leptometra.

P. II. Carpenter says: "This tendency to an incomplete metamorphosis of the

embryonic basals of Antedon, and consequently to the abnormal persistence of a more

embryonic condition than usual, is of considerable interest, because in the Comas-

teridffi and in many of the Oligophreata a basal bridge, representing the apex and
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unabsorbed margins of the embryonic basal plates, is normally present, while at

the same time * * * the interradial processes of the rosette arc large and
spoutlike * * * and acquire a connection -with the remains of the primarj' or

dorsal layer which forms the basal bridge. The complicated rosette thus formed
becomes united Avith the large, more or less spindle-shaped rays of the basal star,

the origin of which is totally different from that of the rosette."

Carpenter found that the rosette in Leptomctra lies much nearer the dorsal

surface of the radial pentagon than that of Antedon, and he also found that the
rosette of the species of ComasteridsB and of certain other oligophreate forms is

much better developed than that of these two genera. This was as much as he was
able to learn from the material at his command.

In general the rosette of the Ohgophreata differs from that of the Macrophreata
in being more flattened, with the radial and interradial processes nearly on the same
pl^ne, and in being more developed, so that its total area is proportionately greater

and the 10 rays proportionately shorter and more specialized, the interradial

processes typically differing but slightly from the radial. It is also sunken consid-

erably below the level of the dorsal surface of the radial pentagon, having retreated

before the chambered organ and associated structures as they were shoved upward
by the increasing shallowness of the centrodorsal. The greatest departure from the

macropheate type is seen in the large comasterids, such as Comatella nigra, Comaster

novseguinese, Comactinia echinoptera and Comatula pectinata, though about the same
stage is seen in certain of the thalassometrids, as in Asterometra and in the Calome-

tridse. In many cases there has been such a development of calcareous tissue as

to conceal entirely the spaces between the 10 rays when the rosette is viewed in

position, while usually these are only visible as 10 shallow rounded notches, all of

equal size.

The perfected state of the rosette in these forms is not acquired until the animals

are of their full size and development, the rosettes of the younger specimens being

more like those of the less specialized forms.

The rosettes of the species of Zygometrida;, Thalassometridse and Tropio-

metridse usually have less developed interradial jirocesses than those of the species

of Comasteridfe, the gaps between the radial and interradial processes are deeper,

and the interradial processes curve inward (ventraUy) somewhat, so that they make
a slight angle with the plane occupied by the radial processes.

In the species of Himerometridse, Stephanometridse, and Mariametridre the

rosette is still smaller, the gaps between the radial and the interradial i>rocesses

being deeper and broader, and the interradial processes are much more slender

than the radial, and curve upward at a considerable angle. The rosette of the

type most commonly seen in the Mariametridsc differs but little from that of

Antedon bifida and, as in that species, is usually but slightly sunk below the level

of the dorsal surface of the radial pentagon, giving evidence of the comparatively

close relationship between the more generalized mariametrids and the more

specialized antedonids such as those comj)osing the subfamily Antedonina\ evi-

dence which is in agreement with the deductions gathered from a study of other

characters.
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Among the Macrophreata tho rosetto is ty])ically approximately on the same

level as the dorsal surface of the radial pentagon. It is thin and delicate, with long

and slender rays of which the interradial are but narrow bands or triangular processes

of cidcareoiis tissue, though the radial may have their edges more or less everted.

In the Pentainelrocrinidas it is especially reduced and is very deUcate, more so than

in any other grouj). In Coccometra, Compsometra and Antedon, and especially in

TIeliometra antl Florometra, it shows more or less approach to the form seen among
the species of Ilimerometridae or Mariametrida3, and may also be more or less sunken

below the level of the dorsal surface of the radial pentagon. In Psathyrometra I

was not able to fmd any rosette at all ; but I had only a single specimen available

for dissection, and the rosette may have been loosened by the alkali by which the

skeletal elements were separated and have fallen out.

In many forms the interradial furrows on the dorsal side of the radial pentagon

are very highly developed, and are occupied by five long processes which radiate

outward from the angles of the central cavity in which the rosette lies, forming what

are known as basal rays.

Speaking of these P. H. Carpenter says: "In Antedon bifida the edge which sep-

arates the lateral and dorsal faces of each radial is tolerably sharp and straight; but

in other species, as in Comatula Solaris, it is somewhat truncated, so that when the

lateral faces of two radials are in apposition a deep interradial furrow appears along

the line of union of their dorsal surfaces, which is continued toward the dorsal or

outer surface from the central or inner aspect of the pentagonal base."

The basal rays are formed by the more or less complete calcification of the cen-

tral portions of the great mass of fibrous tissue developed along the interradial por-

tions of the centrodorsal and of the pentagonal base of the calyx, which lie within

these furrows.

Carpenter says: "At the proximal end of the basal ray are two openings, one

on either side, which give passage to the secondary basal cords; and thej' are sep-

arated when seen from the dorsal side by the interradial process of the rosette ^vith

portions of the basal ridge. The lateral boundaries of these openings are formed by

the halves of two of the radial spouts of the rosette which extend outward from the

base of the mterradial process and represent the unabsorbed lateral portions of the

primary layer formmg the embryonic basal plate. The ventral side of the basal

ray in Neocomatrlla alata, Comactima meridionalis, Comatula rotalaria, and in many
other oligophreate species, is marked by a relatively large depression which forms

the centriU end of the axial interradial canal. This descends into the calvx over

the apposed lateral edges of two radials. But in most cases it ends blindly without

reaching the dorsal surface of the radial pentagon at all."

The origin of the basal ray, which is formed by a more or less complete calci-

fication of the central portion of the highly developed interradial masses of fibrous

tissue, "accounts for the fact * * * that there is no pigment in the substance

of the rays of the basal star * * * nor in the walls of the basal grooves on the

centrodorsal, nor in those of the dorsal interradial furrows on the inferior surface of

the pentagonal base, which are calcifications of the smaller lateral masses of long

fibers running tiii-ectly from the organic basis of the centrodorsal into that of the
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radials. These lateral fibers have a common poini of origin in the substance of

the centrodorsal with the vertical and diverghig fibers around which the calcareous

tissue of the basal rays is deposited. It is therefore easy to understand that the

calcification may in some cases be so complete that the basal rays formed around
the median fibers may become completely united with the walls of the basal grooves

formed around the lower ends of the two lateral fibrous masses. The fact that the

rays of the basal star are calcifications in connective tissue and not in the ordinary

nuclear tissue which forms the organic base of the other parts of the skeleton also

affords an explanation of the great variations in the extent to which the rays are

developed."

A single compound basal (figs. 416-422, p. 321), as the structure formed by the

union of the basal ray and the intcrradial processes of the rosette has been liappily

termed by P. H. Carpenter, consists of two distinct elements; (1) the incompletely

metamorphosed embryonic basal, and (2) a single ray of the basal star. "An isolated

compound basal which is thus constituted, when seen from its dorsal side, shows

(1) more or less of the calcareous network wliich unites the ventral surface of the

rosette to the internal faces of the radials; (2) a large intcrradial spout^shaped

process; (3) two small radial curved processes extendmg outward from the base of

the interradial process and representing the unabsorbed lateral portions of the

primary layer forming the embryonic basal plate; (4) the basal bridge, consistmg of

two calcareous bars that represent the unabsorbed peripheral margins of the embry-

onic basal on which two radials rested; they extend toward one another from the

outer ends of the small radial processes until they meet at a point that represents

the apex of the embryonic basal, and is situated on the dorsal side of the peripheral

end of the interradial process developed from the secondary or ventral layer, which

becomes united with the basal bridge; (5) the ray of the basal star which is joined

to the uitcrradial process, and to the basal bridge along the line of union of the two

primary bars constituting the latter, with one another, and with the secondary intcr-

radial process, i. e., the apex of the embryonic basal. The development of tliis ray

is quite different from that of either the primary or the secondary portions of the

compound basal. It is really a tertiary structure, bemg nothing more than a depo-

sition of calcareous material in the substance of the connective tissue of the synos-

tosis between the centrodorsal and the radial pentagon; (6) at the sides of the inter-

radial process, bounded laterally by the radial process, and externally by the bars

of the basal bridge, are two large apertures in each compound basal. Through

these apertures pass the secondary basal cords wliich result from the bifurcation of

the primary cords proceeding from the angles of the chambered organ. The two

secondary cords lie in the depressions on the dorsal surface of the compounil basal

between the central ends of its radial and interratlial processes. They then pass

outward tlirough the apertures beneath the bars of the basal bridge and enter the

adjacent openings on the mternal faces of the two contiguous radials, which con-

tribute to form the dorsal interradial furrow occupied by the single fusiform ray

of the corresponding basal. The ventral surface of each of these rays of a compound

basal is not flat like the dorsal surface, but is occupied by a prominent median ridge,

so that the ray is triangular in section. This ridge does not extend quite to the
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inner end of the ray, which is occupied by a considerable depression forming the

peripheral end of the groove contained iii the spoutlike process. In the natural con-

dition when the basals are in place and in connection with the radial pentagon, the

inflected edges of tiiis process unite with those of the axial interradial furrow to form

an axial interradial canal. This terminates on the dorsal surface of the radial

pentagon by a small opening situated at the central end of the dorsal interradial

furrow, in which furrow the tertiary element of the corresponding compound basal

is received. The depression at the central end of the ray lies over this opening,

and thus forms a blind end to the axial mterradial canal, just as the depressions on

the ventral surface of the centrodorsal of Antedon receive the blind ends of the

axial radial canals which open on tlie dorsal surface of the radial pentagon by the

five large openings."

The basal rays are most uniformly developed and largest in the Comasteridse

(figs. 416, 419-422, 424-427, p. 321, 229-234, p. 247, 236-242, p. 249, and 243-249,

p. 251). So far as is at present known they occur in all the species of the family,

though frequently they are not long enough to reach the exterior of the caljTC.

They may fonn long prisms with parallel sides, or may be more or less expanded

at the base or distally. Frequently the terminal portion bifurcates so that the tip

is bilobed (fig. 229, p. 247).

In the species of the fanulies Himerometridae (figs. 253-255, p. 253, and 256-258,

p. 255), Mariametridae (figs. 259-261, p. 255), and Colobometridae they are frequently

lacking; I have not found them in Himerometra martensi (fig. 254, p. 253), AmyTii-

metra pliiliberii (fig. 258, p. 255), A. ensifer (fig. 256, p. 255), Craspedometra acutidrra

(fig. 255, p. 253), or in Mariametra subcarinata (fig. 260, p. 255). Wlien they do occur

they form slender prismatic rods which often do not reach to the exterior of the

calyx. These rods have parallel sides, and are more slender than sinaUar structures

in the Comasteridse.

The basal rays of the species of Thalassometridte (figs. 267-273, p. 259), as a rule,

are small, like those of the Himerometridae or Mariametridae, or may be entirely

wanting. In Ptilometra (figs. 267, 271, p. 259) and Asterometra (fig. 268, p. 259) the

basal rays are only faintly indicated. They do not appear to be found as such, but

the radial areas on the ventral surface of the centrodorsal are delimited by more or

less numerous parallel grooves under the interradial angles of the radial pentagon.

In a very few fonns, as in Stylometra spimfera (fig. 273, p. 259), however, they are

large and prominent.

As in the Thalassometridse, the basal rays of the species of Charitometridas (figs.

274-279, p. 260) are, as a rule, smaU, or may be entirely wantmg. Occasionally

they are large and promiiaent, as in Orinometra (fig. 276, p. 260). The largest basal

rays ever observed in any recent crinoid were m a young specimen of a species

of Charitometridae (fig. 415, p. 319).

Basal ravs are entirely absent from the species of the fam'dy Calometridse

(fig. 263, p. 257).

In the family Tropiometridae (figs. 264-266, p. 257) the basal rays are well

developed and have a regular distal taper.
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Among the macroi)hreate forms basal rays are seldom developed. They are
found in the large species of Prnmachocrirms (figs. 294, p. 263, and 50.5, p. .371), Ilelio-

metra (figs. 292, 293, p. 263, and 507, p. 371), and Solanometra (figs. 295, p. 263, and
506, p. 371), but they are usually more or less imperfectly formed, and may be quite
insignificant or entirely lacking. They are rather large in the only specmien of

Thysanometra (fig. 285, p. 261), which I have been able to di.ssect. InPsathjrometra
(figs. 208-213, p. 241, and 502, p. 369) and Zenametra (figs. 214-216, p. 241, and 558,
pi. 5), they are prominent externally, where they bridge over the subradial
clefts in the interradial angles; but in Psathyrometra everytiiing except the dLstid

ends appears to have been rcsorbed, for they only extend mward a very short dis-

tance from the periphery of the calyx, there terminatuig abruptly, so that in a dorsal

view of the radial pentagon they appear merely as five small calcareous masses, one
in the outer part of each of the intciTadial areas. I found them to be rather well

developed m the single specimen of Coccometra hagenii (fig. 284, p. 261), which I

dissected, though they did not occur in the specimens dissected by Carpenter.

They were not found in Pentametrocr'mus japonicus (fig. 299, p. 264), P. varians,

Compsametra loveni (fig. 282, p. 261), Hailirometra proliia, H. tenella, U. dentata

(fig. 290, p. 262), Erythrometra ruber (fig. 288, p. 262), Trichometra aspera (fig. 291,

p. 262), T. vexator, Perometra diomedex (fig. 289, p. 262), or in Antedon (figs. 280,

281, 283, p. 261, and 593, pi. 15); nor were they evident in the specimens of the

oligophreate species Neometra multicolor (fig. 263, p. 257), Calometra separata,

Catoptometra kartlauhi (fig. 251, p. 253), Zygometra comata (fig. 252, p. 253),

Mariametra suhcarinata (fig. 260, p. 255), Craspedometra acutidrra, Himerometra
martensi (fig. 254, p. 253), Pontiometra andersoni (fig. 261, p. 255), AmpMmetra
philiberti (fig. 258, p. 255), or A. ensifer (fig. 256, p. 255), which I was able to examine.

As stated by Carpenter, they are not found in Leptometra (figs. 500, 501, p. 369).

Large basal rays occur, just proximal to the extremely reduced and laminar

basals, in Atopocrinus (fig. 227, p. 245).

Systematical^ the basal rays are of verj' uncertain value, and one must be

exceedingly cautious in drawing conclusions from their presence or absence. Among
the Comasteridae they are usually diagnostic enough to admit of the reference of a

specimen to that family upon the characters afforded by them, particularly the

more or less localized expansion; but in the other families any dependence upon

them is very hazardous, more so even than upon the characters fui'nLshed by the

rosette. They are occasionally valuable indices, for a specimen possessing them

wall usually be found to belong to the Oligophreata, though this is by no means

always true.

To state it broadly, basal rays are developed in all of the Comasteridae, and in

all of the Tropiometrid;^, in many of the Thalassometrithw and Charitometri(la>, in

a few of the Himerometridse, ilariametridw, and Colobometrida\ and in half a ilozen

or so of the macrophreate species, mostly large ones, and mainly those which show

an approach to the OUgophreata in other ways; in other words, they occur in such

species as possess radials nearly or quite horizontal in position, while they become

less and less evident as the radials take on a progressive upward slant.

79146°—Bull. 82—15 22
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The appearance of the basal rays externally as small, rounded tubercles in the

interradial angles of the calyx just above the run of the centrodorsal is a character-

istic feature in certain species, particularlj^ among the Comasteridae, Thalassome-

tridffi, and Charitometrid.T, in the genera Zenometra and Psathyrometra, and some-

times, though seldom, in Ilcliometra, Solanometra, Anthometra, Florometra, Proma-
cJiocrinus and Thaumatocrinus. But in many cases they may be comparatively

well developed, yet not reach the exterior, or they may reach the exterior in only

one or two of the interradial areas. This is particularly the case in species having

large centrodorsals. In species with small or resorbed centrodorsals, as in the

majority of the Thalassometridfe and Charitometridse and in many of the Comas-

teridtT?, they are, if present at all, very prominent in all the interradial angles, and

if the centrodorsal becomes during growth much reduced in size, as often occurs, in

such genera as Comanthus, Comaster, Comanthina, Comantheria or Comatula, it

never recedes in the interradial angles bej^ond the external ends of the basal rays,

however much it may recede in the radial areas, so that from this cause a sharply

stellate centrodorsal is frecjuently formed in which the pointed ends of the star are

tipped by the external ends of the basal rays.

Occasionally, through individual variation, the external ends of the basal rays

may be very large, as in a small specimen of some charitometrid species from the

Pliilippine Islands, which I have had an opportunity of studying (fig. 414, p. 319),

so that they are almost as prominent a feature of the calyx as the basals in Isocrinus

decorus, which they much resemble.

The so-called basals in the well-known case of the recent " ComatuJa multirculi-

ata" {Comanthus bennetti), described and figured by Goldfuss, were merely similarly

enlarged basal rays.

In many fossil comatulids what appear to be true basals are visible on the

exterior of the calj^x; but I have little doubt that in most, if not in all, of these

cases what appear to be basals are in reality nothing but the ends of large and well-

developed basal rays, similar to those in the small specimen of a charitometrid

species referred to above. Carpenter believed that, as the ends of the so-called

basals in certain fossil comatulids project beyond the margin of the centrodorsal,

it is scarcely probable that they could have arisen from the calcification of the

interradial portions of the union between the radial pentagon and the centrodorsal.

But the same thing happens in many recent species, especially among the Thalasso-

metridfe and Charitometrida", where there can be no doubt of the secondary origin

of these structures. In these fossil species the central ends of the five so-called

basals are in contact laterally for a short distance instead of being united by narrow

bars, forming a basal bridge. From this cu-cumstance Carpenter believed that at

least the central ends of these structures are homologous with the true basals of

stalked crinoids. The same state of affairs, however, has been found in Promacho-

crinus, a near relative of Solanometra and of Ileliometra, in which there is no reason

to suppose that these contiguous inner ends of the basal rays are true basals.

In the Pentametrocrinidffi and Zygometridse, as well as in some of the Antedon-

idjT, rounded tubercles are found in the interradial angles of the calyx, which, though
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separated from the radials by suliu-e, are not separated from the centrodorsal (figs.

234, p. 247, and 250, p. 253). Externally these tubercles have all the appearance of

true basal rays, but on dissection they arc found to bo merely interradial eleva-
tions on the ventral sui-face of the centrotlorsal, exteriorly marked by a tubercle,

but forming an integral part of the centrodorsal and in no way separable from it.

These pseudobasal rays may be joined about the central cavity of the centro-

dorsal by a pentagonal raised area, just like the radial accessory bridge, which, as

explained above, often joins the inner ends of the basal rays; but, like the pseudo-
basal rays themselves, this structure is only an integral part of the centrodorsal,

not adhering to the radials, as do the true basal rays and tiicir dependent structures.

I have found these pseudo-basal rays to be especially prominent in Coccometra

Jiagenii (fig. 284, p. 261) and in Eudiocrinus ornatus (fig. 250, p. 253), and, without
the radial connective, in certain of the PentametrocrinidsB (fig. 299, p. 264).

Structurally these are part of the centrodorsal and are in no way distinguishable

from it, but morphologically they are true basal rays, developed for the purpose of

fillLng up the gap caused by the dorsal interradial furrow, though tlieir substance

merges unperceptibly into that of the centrt)dorsal instead of being more or less

sharply differentiated from it. There is no distinct line of demarkation between
the pseudo-basal rays and true basal rays, all intergrades bemg found within the

family Antedonidse, and apparently even within certain species of that family.

Ra<!ianal.

Hitherto the radianal plate, though a fundamental structure in many fossil

forms, has been supposed to be unrepresented m the recent types. The penta-

crinoid young of the comatulids possess a plate in the anal interradius, situated

between the two posterior radials, to which the name of anal has been universally

applied, on the assumption that it is the homologne of the so-called anal x of the

fossil forms (figs. 553, pi. 5, 560, 563, pi. 6, 576, pi. 9, 588, pi. 13, and 594, 596,

pi. 16).

Now all the work previously done upon the developuig crbioid has been based

upon one or other of the species of the genus Antedon, one of the most specialized

of the genera in the group to which it belongs, and hence one of the least satis-

factory for purposes of phylogenetic uivestigation.

Exammation of a fine series of the young of Protnachocrinus ierguelensis has

brought out many points which the larvse of Antedon do not show, and, among
other things, has made it clear that the so-called nual of the young of the coma-

tulids is homologous not with the anal ,r of the fossil tj-jjcs, but with the radianal.

In Antedon the so-called anal plate is formed, at about the period of develop-

ment of the IBr,, between the two posterior radials: but is it noticeable that while

the radial to the left of it is of normal shape that to the right has its left siile more

or less cut away for its reception (fig. 563, pi. 6). \Ylien the "anal" is lifted out

from the circlet of radials just ])re^-ious to its resorption it is noticeable that it

.keeps to tho right of the posterior hiterradial area, remaining more or less hi con-

tact with the right-hand radial and first primibrach uistead of being drawn directly

upward, as would be expected (fig. 553, pi. 5) ; also the right radial is a.symetrical,
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more convex on the right side than on the left (adjoining the "anal"), though

after the withdrawal of the "anal" this asymetry quickly disappears.

The general tendency of the "anal" plate to keep to the right of the posterior

mterradial area, though very strongly marked, does not appear ever to have attracted

attention; but it is nevertheless a fact of the very highest importance.

In the young of Promachocrinus, in which the live infrabasals are large and

equal in size, the "anal" appears to be formed before any of the radials, occu-

pying a j)osition m the rhombic area between the corners of the basals and orals.

Soon afterward the radial appears, just to the right of and in line with it, between

the basal and oral of that side and to the right of the vertical line dividing the

basals and the orals. The radial grows much faster than the anal, which it grad-

ually surrounds, so that the latter comes to lie in a deep concavity in the side of

the radial to the right of it and to the right of the posterior interradius, well to

the right of the midlmo of the posterior basal. Later this right-hand radial

extends itself beneath the "anal" and the concavity becomes straightened out

and disappears, the "anal" concurrently bemg shoved diagonally forward (toward

the left) and disa])pearing by resorption.

Mr. Frank Spruiger has shown that in the families Taxocrinidse and Ichthyo-

criiiida) and in the Inadunata there is an essentially similar variation in the posi-

tion of the radianal, which migrates from a primitive position directly under the

right posterior radial to an oblique position under the lower left-hand corner of

that radial, finally moving upward and becommg completely elimmated.

The position of the so-called "anal" in the larvse of Promachocrinus, lying

within a concavity m the lower loft-hand portion of the radial to the right of the

posterior uiterradius, and its migration upward and toward the left, leave no room

for doubt that the so-called anal of the pentacrinoid larvae is nothing more nor

less than the radianal of the fossil forms.

Mr. Sprmger, as before stated, has shown that in the Flexibilia there is a very

pronounced tendency manifested by all the radial structures to turn toward the right;

the radianal originates under the right posterior radial; from this position it migrates

uj)ward until it disappears, always to the right of the median line; if the arms

have an assymmetrical distortion it is toward the right, never toward the left ; the

vertical series of jilates arismg from the anal x is affected by this tendency, which

persists long after the radianal has disappeared.

In the ontogeny of the comatulids the radianal follows the same course as

in a succession of fossil genera; the anal tube is alwaj's to the right of the meilian

line of the posterior uiterradius; that the supplementary arm arisuig on anal x

ui the J'oung of Thaumatocrinus renovatus and of PromacTiocnnus kerguehnsis

does not turn to the right is to be uiter])reted i)ureh' as a secondary condition,

the result of its origin on the edge of the disk and its free extension outward from

the bod)'. Were the series of ossicles following anal x in the )'oung of Thauma-
tocnnus and Promachocrinus incoi-jjorated in the perisome we can not doubt but

that it would have followed the anal tube in its migration to the right, and would-

therefore have come into complete correspondence with the conditions seen in the

fossil Flexibilia.
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Crinoids are fundamentally and primarily regularly pentamorous. In endo-
cyclic forms the movement of the posterior part of the digestive tube exerts a
constant or intermittent force the direction of wluch is upward and toward the
right (fig. 20, p. 69). This force, operating in the posterior intcrradius, tends to

keep separate the two posterior rachals and to prevent the right posterior radial

from sHpping downward and coming into contact along its proximal border with
the distal borders of the two subjacent basids.

Therefore there persists between the two posterior radials, long after its counter-
parts have disappeared from between the other radials, the primitive interradial,

now known as the anal; and there persists beneath the right posterior radial, long
after similar plates have chsappeared from beneath all of the other radials, the
primitive subradial, now known as the racUanal.

In the later fossil and in all the recent forms regular pentamerous symmetry
again occure as the result of the progressive reduction of the calyx plates whereby
the visceral mass comes to be largely exposed and thereby able to accommodate
the constant motion of the digestive tube through temporary and transient move-
ments and changes in its perisomic covering.

In exocychc forms movement of the posterior part of the digestive tube
(fig. 21, p. 69) operates to shove the marginal mouth to the right, with the effect

of making the originally left posterior a true posterior ray, different in character

from the other four. As the calyx plates have become metamorphosed into a
small flat platform before the commencement of the transition of the digestive tube
from the endocychc to the exocychc type no effect is produced upon them.

The subradial plates of the crinoids, of wliich the ra(Uanal, itself onl}^ appearing

in the very young of the recent forms, is the last remnant, are all that remain in the

crinoid organism of the ambulacral series of the urcliins with the excejjtion of the

ratUals, wliich represent the first ambulacrals formed, those situated about the

border of the peristome.

W. B. Carpenter says that in Antedon bifida for some little time after the

appearance of the arms the relation of the skeleton of the calyx to the ^^sceral

mass it includes undergoes but httle change, the cliief (hfference consisting in the

more compact condition it now comes to present in consequence of the advanced

development of its component pieces. The five basals now possess a regularly

trapezoidal form, the lower part of each being an acute-angled triangle with its

apex pointing downward, and its upper part an obtuse-angled triangle with its apex

directed upward. The sides of the lower triangle arc bordered by a sonunvhat

tliickened edge of sohd transparent calcareous substance, the presence of which

signifies that the plate has received its fuU increase in that direction. The adjacent

borders of these plates, however, do not come into actual contact, a tliin lamina of

sarcode bemg interposed between them, and there is also a passage left at the

truncated apex of the inverted pyramid formed by their junction tlirough wliich

the axial sarcochc cord of the stem is continued into the calyx. The upper margins

of the basals have no distinct border and seem to be still in process of growth. The
radials, with the radianal intercalated between two of them, now form a nearly

complete circle resting ujiou the basals and separating them entirely from the
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orals. Their shape is somewhat quadrangular, two of their angles pointing ver-

tically upward and downward, the other two laterally toward each other. Their

lower angles are received between the upper angles of the basals, wliile on their

upper, wliich are somewhat truncated, the narrow first j)rimibrachs are super-

imposed. Considerable spaces still exist between the adjacent radials, except

where the radianal is intercalated in the series, and these are fdled only by sarcocHc

substance. The central portion of these racUals is thickened by the endogeneous

extension of the calcareous reticulation, and this extends toward its upper angle

so as to form a kind of articular surface for the support of the first primibrachs,

but it does not extend over the lateral or alar expansions of these plates, which still

retain their original condition of cribriform films. The first primibrachs chff'er

considerably from the radials in shape, being rather rods than plates, but they are

deeply grooved on their oral aspect, that part which is subsequently to become a

central canal being not yet closed in. The calcareous reticulation of their outer

or aboral surface is cribriform, but the ingrowth from wliich they derive their

solidity is produced by the development of fasciculated tissue analogous to that of

which the columnals are composed. The same general description apphes to the

second (axillary) primibrachs, wliich, hke the first, are nearly cj'lhidrical at their

proximal extremities, but expand toward their distal ends so that each presents

two articular surfaces on wliich are superimposed the pair of first bracliials. The
orals, wliich idtemate with the first primibrachs, though somewhat internal to

them, now present somewhat of a triangular form, their apices pointing upward;

their basal angles, however, are blunted by the encroachment of the radials. At
no jiart of their contour have these plates any definite margin like that wliich

borders the two lower sides of the basals, but the calcareous reticulation of wliich

they are composed is continued into the layer of condensed sarcode with wliich

they are invested. Although the form of these plates is generally triangular, their

surface is neither a plane nor a spherical triangle, but presents a remarkable imeven-

ness. Near the apex of each there is a deep depression externally and a corre-

sponding projection internally, and the effect of tlus projection seems to be that

when the apices of these plates incline to one another so as to form a five-sided

pyramidal cover to the calyx, the plates will close together, not merely at their

apices and lateral margins, but also at the upper part of their internal surfaces.

There is also a broad depression near the base of each plate, so that its lower margin
is somewhat everted. The anal, wliich is intercalated between two of the rachiils,

has a tolerably regular circular shape, but it consists only of a single cribriform film

and has no definite border.

W. B. Carpenter states that the radianal " anal " is still distinguishable in speci-

mens o{ Antedoji bifida that show no vestiges of the orals, but it has imdergone no in-

crease in superficial dimensions and is so far from being augmented in thickness that

it seems rather to have been thimied by incipient resorption over its whole surface

preparatory to its complete disappearance a short time after. Carpenter cUd not
fuid that either the upper part of this plate ilisappcars before the lower, or the lower

before the upper; and as he found no vestiges of it. though he carefully searched
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for them, in young Antedons of about 2 inches in (Hamcter, he concluded that

the entire plate is removed at once by a continuance of resorption over its whole
surface.

Interradials; Anal.

In the recent crinoids the secondarily perfected radial symmetry lias become
so thorougldy established that the anal plate (corresponding to the anal x of the
fossil forms) is never in any way differentiated from the interradials occupying the
other interradial areas. All five of the interradials are either present and developed
to exactly the same degree, or all five are absent.

The so-called anal in the young of the comatulids, a large and important
element in the calyx of all the forms in which the young arc known, is not in any
way homologoiis %vith the anal of fossil species, but represents the radianal, which
itself is the last remnant of five theoretical primitive subradial plates persisting

beneath the right posterior radial; these five primitive subradial plates are them-
selves the equivalent of the five entire ambulacral series of the urchins, except for

those plates immediately surrounding the peristomal area, which are represented by
the radials.

The anal x is the equivalent of the second interambulacral plate of the echinoid,

the plate immediately following the genital; anal x together with tlie series which

commonly follow it are the equivalent of the entire interambulacral series in the

urchins with the exception of the genital, which is represented by the basal upon
which anal x rests.

Since the radianal is represented in the pentacrinoids of the comatulids we
should expect also to find in the posterior interradius a second plate which we
coiild with a reasonable degree of probability identify as the representative of the

plate known as anal x; and such a plate actually occurs.

Sir Wyville Thomson in one or two cases observed in the developing young of

Antedon hifida at about the time of the appearance of the radianal a series of five

minute rounded plates developed interradially between the lower edges of the

orals and the upper edges of the basals. These plates therefore separate the radials

from each other all around the calyx. They are the equivalent of the five inter-

radials in the fossil species, and that in the posterior interradius is the homologue

of anal x.

In the young of Comadinia^ five interradials of equal size are found; they are

late in malving their appearance, being first noticeable at about the time when the

IBr, are formed. They never grow to a large size, but remain as five rhombic

plates in the interradial angles, each about half as long as the basal beneath it.

Neither do they rest upon the basals as they do -in the young of Promachocrinus

and TTmumatocrinus , for the radials have come into lateral contact before tiieir

appearance; they thus lie in the angle made by the cutting away of the distal

angles of the radials in such a way that a line connecting the bases of two adjacent

IBr, would j)ass approximately through their center.

In a single instance I found a pentacrinoid of this species in which there were

tliree interradials instead of the usual one in each interradial area, one between

the distal ends of the radials and two side by side just above it (fig. 412, p. 317).
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The young of Comatilia have never been observed until after tlie loss of the

larval column and the disapj)earance from external view of the basals. At this

stage five large strong orals are present, surrounded by small irregular plates; just

above the apposed lateral edges of the radials in the interradial angles of the (•al\-x

arc live largo rounded iiiterratlials of equal size which have not to any extent under-

gone resorption (figs. 528, 529, pi. 2). These probably have been developed in

their j)resent position as m the case of those of Corruictinm.

Ordinarily these plates never develop further, but soon become resorbed.

In two genera, however, ProTnachocrinus and Thaumatocrinus (figs. 113, 114, p. 181,

115-118, p. 183, and 505, p. 371), they rapidly increase in size and gradually take on

all the characters of the radials between which they are situated, at the same time

giving rise to series of plates which form arms in no way distinguishable from the

arms arising from the five true radials.

Anal X lies directly over the posterior basal, always to the left of the radianal

and always, if the radianal is present, maintaining a closer relation with the radial

to the left of the posterior interradial area than with that to the right, with which

the radianal is associated. Whereas the radianal is always a single plate, anal x

commonly forms the base of a short series of more or less similar plates. The

characteristics of anal x m the fossil forms are naturally assumed by all the inter-

radials in the recent types in which interradials are present, for in the recent species

the anal interradial is in no way different from the other four.

The fact that the single linear series of simple plates arising from anal x in

many fossil crmoids appears as a complete post-radial series on the homologue of anal

X, and on all the other interradials in the recent forms, calls for a word of explanation.

In the fossil forms the outer border of anal x is far below the dividing line be-

tween the ventral surface of the disk and the lateral surface. Tliis lateral perisome

is the surface in which anal x itself is formed; therefore, as new areas of perisome are

exposed beyond anal x, new plates similar to it will continually be formed, each

limited in its breadth by the necessity of providing for motion in the perisome on

either side of it, a necessity not operative in the case of anal x which connects two

radials and therefore forms the sixth link in the closed radial circlet.

In the recent Proinuchocrinus and Thaumatocrinus the interradials are from

the very first equal in height to the radials, and the next two ])lates are equal in

height to the IBr, and IBrj, respectively.

In the crinoiils the development of a plate after its formation depends not

so much upon its previous phylogenetical history as upon the relation which it

bears to the three zonal divisions of the skeleton forming dorsal surface, (1) the

coronal area, in which the coronal plates, the infrabasals and the basals, occur; (2)

the intermediate area in which the radials, division series and first two brachials are

formed; and (3) the dorsoventral border line, from which arise the free undivided

arms, these being made up in part of an extension from the second zone, and in part

of an extension from the ventral perisomic surface.

Thus the radianal of the fossil species, if developed within the basal ring, becomes

a true coronal plate in no way different from the other coronal plates; but in the recent
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forms it is shoved outward beyond the radials into the primarily unplated portion
of the intermediate area, where it of necessity disappears.

Anal X in the fossils develops between the two posterior radials, but probably
appears at a much later ontogenetical stage. It thus develops along exactly the
same lines as the radials, giving forth, like the latter, a linear series of ossicles wliich
collectively represent the division series; but, handicapped by its late ontogenetical
origin, it lags far behind the radials in development, so that the ossicles following
it never reach the dorsoventral border hne, and it remains as a partially developed
radial, followed by a series of interambulacrals which may be regularly arranged,
but wliich are never segregated and fused into pau-s as are the ambulacrals arising

from the radials.

The interradials of Promuchocrinus and of Thaumatocrinus arise very early

in life and are from the first equal in height to the radials. They are probablv in

these genera best interpreted as a sort of lateral budding from, or a delayed re-

duplication of, the radial to the left, and they are from the first equal in height to

the radials which they separate. As the radials move farther and farther apart
they continue to broaden, and their development in all ways is ])roportionate to

their breadth as compared with the breadth of the normal primary rachals.

Developing within the radial circlet, which they entirely span dorsoventrally,

their growth is in every detail parallel to that of the radials themselves, the differ-

ence in development between the two being at all stages proportionate to the

difference in breadth.

The dorsoventral dimensions of the interradials are from the first equal to the

dorsoventral dimensions of the radials; therefore, as would be expected, the dorso-

ventral dimensions of the following ossicles are from the first equal to those of the

corresponding ossicles following the radials at the time of their formation. Devel-

oping under identical conditions, these plates develop in exactly the same way.
Reaching the border between the dorsal and ventral surface of the animal at exactly

the developmental stage at which this is reached by the ossicles arising from the

radials, thanks to the intcrradial sagging <if this border line, the development of the

arms from the tliird brachial outward follows exactly the same lines as it does in

the arms of the primary radial series.

It occasionally happens in Tliauwetocrinus (and probably also in Promachocrimis,

though no instance has as yet been reported in that genus) that interradials occur

from which no arms arise, but which exist as broad single plates interpolated in the

radial circlet. These probably represent interradials delayed in tlevelopment so

that they did not reach the dorsoventral border Ime, and therefore could not give rise

to the equivalents of postradial series.

I have examined pentacrinoids of Promachocrlnus l-erguelensi^ in which both

the radianal and anal x are present, the former dwintlling, the latter increasing in

size. They are situated side by side between the two posterior radials.

Except for the large infrabasals and the position of the radianal farther to the

right and within the lower left-hand corner of the right posterior radial, the very

young of Promachocrinus Icerguelensis does not differ in any essential particular

from the very young Antedon. The increase in the number of arms is brought about
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by tho same curious process of twinning, through which one of the resultants arises

much later than the other, that we see illustrated everywhere throughout the

crinoid organism. At the time of the extrusion of the radianal from the radial cir-

clet a very narrow plate appears separating the two posterior radials. ^Vlmost

simultaneously four other similar plates appear separating the other radials in the

four other interradial areas. These plates are narrowly oblong, their longer sides

in contact with and equal in length to the lateral edges of the two radials which they

separate. All these intcrradials rapidly increase in width, and just beyond their

distal border two delicate plates appear as fiat, more or less rhombic, calcareous

fdms, the smaller just beyond the larger. At this time the five primary postradial

series are fairly well developed, possessing numerous brachials beyond the IBr

axillary. These two filmy plates increase in size and gradually transform into

a IBr series from which two arms are given off; and these in every particular, except

size, resemble the IBr series and arms borne by the primary radials. It is not until

the animal is fully grown that the five interradial postradial series attain the size

of the five primary postradial series, and the five intcrradials assume all the characters

of true radials.

The interestmg Thaumatocrinus renovatus (figs. 115-118, p. 183) is the young
of the species later described as Promachocrinus ahyssorum (witli which it was

found associated) just after the resorption of the radianal and the formation of all

of the intcrradials from which the five additional arms are commencing to grow.

The posterior interradial arm as seen in the so-called TJiaumatocrinus is the first to

form, and is consequently larger than the others; but from the size of tliis posterior

arm and the breadth of the intcrradials I suspect that smaller arms borne on the

other intcrradials liave been lost, as these interradial arms when small are extremely

delicate. During growth the posterior interradial arm of Thaunudoainus becomes

reduplicated on all the other interradial plates, and all of the five interradial arms
gradually increase to the size of the five primary arms (the extensive plating of the

disk at the same time disappearing by resorption) so that the 10-armed Promacho-

crinus ahyssorum results.

Anal X in the fossil forms may be reduplicated in the form of a series of intcr-

radials, one in each of the interradial areas, and therefore, bearing in mind the

greater perfection of the radial symmetry in the recent types, it does not surprise

us to see the same thing in the recent comatulids.

In some thirty 6-rayed specimens which I have studied the sui>ernumerary ray

is in all cases but two inserted behind the left posterior—that is, between the two
posterior radials and recei\-ing its ambulacra from the groove trunk to the left. It

is impossible to interpret this otherwise than as the persistance and subsequent
development of anal x in types in which the interradials, including anal x, are

normally resorbcd immediately after formation, exactly as it is developed in Pro-
machocrinus and Thaumatocrinus. Additional weight is given this view by the

fact that Promachocrinus herguelensis is very often 6-rayed, the additional ray
being in that case inserted behind the left posterior; only anal x has been formed,
the other intcrradials either having been entirely suppressed or having been, as in
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5-rayed types, resorbod soon after their appearance instead of developing after the
manner normal for the genus.

In this connection it is most interesting to examine the figure pubUshed by
Mr. Frank Springer to show the probable i)rimitivo structure of ihi* anal inter-

radius and adjacent parts of the calyx in the whole Flexibilia t}-pe, both fossil and
recent. If we should carry backward to its probable inception the course indi-

cated by the migration of the radianal ]ilat(^ in the young of the recent comatulids,

we should arrive at a calyx structure identical \\-ith that shown by Mr. Springer

and deduced from the study of the fossil forms. From the study of the recent types

alone it might be argued that the figure should be slightly modified hy the r<'duj)li-

cation of anal x in the shape of uiterradials in aU the other interradial areas; but

from the data acquu-ed from the study of 6-rayed specimens, and the very evident

modification of all the recent tj^es in the direction of a perfect, derived from an
imperfect, radial symmetry, it would seem that we would be justified in considerhig

these four additional interadials as a later development.

Sir WyviUe Thomson believed that the minute interradials sometimes jjresent

in the young of Antedon hijlda occasionally persisted and became the clusters of

small plates often observed in the angles of the calyx in the adult; but it is far more
likely, as P. H. Carpenter has suggested, that these latter arc secondary perisomic

plates, and that the true interradials whenever they appear are either resorbed

like the orals or develop into interradial radials.

Perisomic interradials.

In many of the recent comatuhds more or less well-defined plates are found

between the division series and between the first two or three brachials of the free

arms. These may be comparatively small and distinct, or they may be large,

forming a solid calcareous plating over the perisome. They are most strongly

developed in certam of the large very many armed comasterids, as Comaster multi-

fida, C. belli, C. typica and Comanthina schlegelii, and, though here restricted to

small areas between the bases of the IBrj, are very prominent features of certain of

the species oi Antedon, especially of A. moroccana and .1. diibenii (fig. 104, p. 167).

These plates have nothing to do with true interradials of the type seen in the

young of Promachocrinus, TJiaumatocrinus, Comactinia, ComatiUa or Antedon, but

arise from a calcareous deposition witliin the more superficial layers of the peri-

some. These perisomic interradials will bo considered in connection with the

other perisomic plates and the perisomic spicules, and in the section deaUng with

the Pentacrinoid Larvae.

Primary plates of the dish.

In the young of Thaumatocrinus renovaius (figs. 115-118, p. 18.3) the surface of

the disk between the margin and the outer border of the orals is completely invested

by a pavement of small plates whicli lat(>r disapi)ear, just as does the radianal.

The same development of a complete but transient jilating of the disk occurs in the

young of Comactinia, the plates here beuig resorbed fu-st on the ventral surface of

the disk, and later in the lateral mterradial areas.
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This heavy phitinj:; <>f the disk in the very young of species of which the adults

have naked disks must be t)f very profound significance and, when wo consider it

in connection with the occurrence of the radianal and of anal x, we are naturally led

to the conclusion that it rejiresents a structure once of the highest importance in

the economy of the animal, but long since obsolete.

It is probably to be interpreted as the transient remnant of a solid calcareous

])lating of the same type as that from which the solid vault of the Camorata was
developed.

Orah.

The orals, though present so far as known in the young of all the recent comat-
ulids—indeed in the early stages appearing simultaneously with the basals and of

equal importance—are always resorbed long before adult hfe is reached, no trace

of them whatever remaining.

The five orals are always of equal size (figs. 407-413, p. 317, 529,530, pi. 2,532,

533, pi. 3, 542-544, 547, 548, pi. 4, 559-564, pi. 6, and 576, pi. 9), no matter how
different the sizes of the several interradial areas may later become. Each is an
approximately triangular plate, Ij'ing Nvith the apex of least divergence at the

peristome; the edge opposite tins apex is more or less convex. In the oligo-

phreate species the orals appear commonly to be either a plane triangle, or a spher-

ical triangle of lai-ge radius (figs. 408, 411, 412, p. 317, and 548, pi. 4); but in the

macrophreate species, as first noticed by W. B. Carpenter, they are neither a plane

nor a spherical triangle, for the two edges along which each oral abuts upon its

neighboi-s are more or less everted and turned vertically, so that when the orals

are closed down they are in lateral apposition with the adjacent orals not by
their edges alone, but by the outer side of this everted rim (figs. 409, 410, p. 317.

535, pi. 3, 544, pi. 4, and 5.59, 561, 563, 564, pi. 6). This rim is highest at the

moutli, where the oral suddenly turns upward, and graduall}- diminishes in height

toward the periphery of the disk.

The orals make their appearance at the same time as the basals (with which

among the comatuhds tiicy are strictly correlated in development and metamor-
phosis, though morphologically they have nothing whatever to do with them) and
long before the radials are formed. Each oral is situated exactly over its corre-

sponding basal.

W. B. Carpenter observed that in Antedon bifida the resorption of the orals,

which commences before the termination of pentacrinoid hfe, is completed ver}'

soon after the animal has entered upon its free existence. The resorption takes

place from the outer edge inward toward the center, the last traces of these plates

that can be distinguished being ghstening fragments of calcareous network at the

bases of the five membranous valves which still fold over the tentacles forming the

oral ring in specimens which have attained a diameter of about an inch and a half,

wliich soon disappear entirely.

As the orals among the comatuhds are essentially a larval structure, further

discussion of them is postponed to the section dealing with the Pentacrinoid young.
In the adults of certain species in which the disk is heavily plated, as in the
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species of Calometrid;?, five small orals are often found wliich are apparently the

same as the orals of the young.

These seem to be in reality, however, secondary perisomic orals. t)ral-like

perisomic plates developed in the apex of eacii interradial area exactly as the

covering plates are developed in the margmal lappets bordering the ambulacral

grooves, and to have no connection whatever with the true orals of the young.

The relation between the tnie orals and the secondary perisomic orals in these

forms appears to be the same as that between the true uiterradials of the young of

the comasterids or of the species of Antedon and the perisomic interradials of the

adults.

General proportions of calyx and its contents.

The calcareous investment of the ecliinoderms reduced to its simplest and

most primitive form, as explained in the section dealing with the skeleton in gen-

eral, was a diffuse spicular development in the body wall; fusion of these spicules,

governed by mechanical locaUzation, gave rise to a ring of more or less definite

plates, five larger, midsomatic (interradial) in position, and five smaller, interso-

matic (radial) in position, about the anterior end of the digestive tube. There is a

possibihty, amounting almost to a probabihty, that the plates of this circumoral

ring are not morphologically related to the spicular skeleton of the rest of the

animal except in a very general way, but are plates inlierited as such from the

prototype of the group.

This ring, whatever its ultimate origin, moved away from its primitive posi-

tion about the anterior part of the digestive tube, passing around to the posterior

part of the body, where it came to form a circlet of plates about the dorsal apex, a

second newly formed ring appearing in its original position; the path taken by each

plate of the original ring over the body wall was marked by a series of repetitions

of the plate wliich were continually formed at its proximal border as it moved

along.

The second ring underwent the same course of development as the first; it, too,

moved outward; and in the crinoids we find it, in the form of radials from which

long and complex post-radial series arise, superposed, through the gradual disap-

pearance of the trail of plates left by the first in its passage, tUrectly xipon the

original plates of the first, while a third ring has taken its place about the mouth.

As we understand it, the original calcareous covering of the body after the

true crinoid ty^e was attained took the form of a more or less globular capsule

composed of: (1) a central plate or centrale, usually lengthened out into a long

column by a process of continual reduplication, more rarely represented by scat-

tered perisomic plates and spicules in the apical area; (2) a circlet of five inter-

somatic plates, the mfrabasals, immediately surrounding the centrale or restmg

upon the summit of the colunm, each of wliich serves as the base of a complex

series of ambulacral ossicles; (.3) a circlet of five langer midsomatic plates just

beyond the infrabasals and alternating in position with them, the basals, each of

which serves as the base of a series of interambulacrals; each of these basals is

separated from its neighbors on either side by the first ambulacral plate following
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an infrabasiil; (4) a rirclet of five stQl larger plates each situated exactly over an

inl'rabasal to wliicli it is joined by a small plate intercalated in the basal ring,

separated from each other by the plates of the interambulacral series which follow

tlie basals; these, the rachals, give ris(^ on their distal border to the arms; (5) a

circlet of five largo approximately triangular plates witli their inner apices touch-

ing the peristomal area in the center of the disk, the orals.

The specialization and perfection of the crinoid type took the form of a gradual

reduction in the size and complexity of the calyx, correlated with and ultimately

the result of, a great increase in the length and weight of the arms. The plates

between the iiifrabasals and the radials firet disappeared, soon followed by the

interambulacral series, wliich became reduced to a single plate situated between

the radials, this later becoming eliminated so that the radials came into contact

all around the calyx, forming a closed circlet like that of the basals and iiifrabasals.

The posterior interradius, bemg of larger size than the other interradii on

account of the presence therein of the anal proboscis and of the posterior portion

of the digestive tube, was the last to be affected in the transformation from the

primitive more complex to the specialized simpler type of calyx, and we therefore

find a series of types in which only one interambulacral (interradial) plate is present

between the two posterior radials and only one subradial (the radianal) beneath

the right posterior radial. It is from this intermediate type that the yoimg of the

recent forms, so far as we know them, inherit their characteristics.

The original calcareous covering of the body in the type from which the adults

of the recent forms inherit their characters was in the form of a globular capsule

composed of (1) a central plate, or centrale, usually reduphcated into a long column,

of which the topmost columnal is permanently attached to the apical portion of

the calyx; (2) a closed circlet of five small infrabasals; (3) a closed circlet of five

larger basals; (4) a closed circlet of radials, giving rise on their distal border to the

arms; (5) a circlet of five orals closing in the ventral pole.

We see this arrangement of the calyx plates in Marsupites (fig. 565, pi. 7);

but in this aberrant form all the plates have adopted the same size not because

they are primarily of equivalent dimensions, but on account of a large increase in

the volume of the calyx to form a float, necessitating a corresponding increase in

the size of the plates which cover it.

The essential differences between the palaeozoic crinoids (including the Encri-

nidje) and the later forms, stated on the basis of broad averages, arc two in num-
ber: (1) the column in the former is of continuous growth and of indefinite length,

and Li composed of undifferentiated and similar columnals, while in the latter the

column typically, after attaining a definite number of cohmmals, abruptly ceases its

growth, the topmost columnal becoming very closely attached to the calyx and
increasing in size, forming a so-called proximale, which is joined to the calyx by a

close suture and to the columnal just below it by a suture slightly less close, a so-

called stem syzygy; this fundamental column structure among the later forms is

subject to a great variety of perplexmg modifications, though it may always be
detected by close study; (2) the calices in the latter, which are very small, exhibit
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a very much more perfect pentamerous symmetry, never possessing an anal or a
i-adianal.

In the young of comatulids before the formation of the centrodorsal we find

what is essentially a highly dovelopod palirozoic type; the column is composed of

an indefinite number of similar colunmals, and the anal area is dill'erentiatcd from
the other interradial areas by the occurrence of a large radianal ; furthermore, the

plates of the calyx are large and entirely enclose the visceral mass, while the arms
are very short.

The secondary bilateral symmetry of the Comasteridse has nothing whatever
to do with the bilateral svmmetrjr of palfEozoic forms, but results from the enormous
development of the digestive tube, which has shoved the mouth first to a marginal

position and then to the right, so that it comes to lie between the bases of the anterior

and of the right anterior post-radial series (figs. 21, 25-28, p. 69; see p. 152). This

appears to have been very suddenly acquired, as it is by no means univereal in the

family.

The course taken by the mouth across the disk m the developing young of

species of this family shows that this character has been acquired very recently.

Until a considerable size is reached the mouth is central, just as in the correspond-

ing yoimg of Antedon. After the disappearance of the orals the mouth moves from

this central position to a position at the base of the anterior post-radial series,

and then laterally toward the right until it comes to rest on the margin of the disk

midway between the bases of the anterior and of the right anterior post-radial series.

Originally the species of the ComasteridiB possessed a disk resembling that erf

Antedon, as many of the species still do, and as all of the others do until a consid-

erable size is reached.

The many-coiled type of digestive tube occurs only in such species of Coma-

SteridaB as are confined to shallow water and to more or less muddy bottoms; species

of the deeper and clearer water all possess the usual so-called endocyclic type of

disk. We thus naturally infer that the ingestion by the shallow-water forms and

by those inhabiting muddy bottoms of a large amount of inorganic material and

the use of a very large percentage of plants with highly developed skeletons as

food has caused, or perpetuated, a sudden development of the intestine.

In the pelagic crinoids, such as Marsujntes (fig. 565, pi. 7) and Uintdcrinus,

the calyx is able to maintain a close approxunation to its primitive form, modified

only by an induced strengthening and bracing of the unions between the com-

ponent ossicles m types in which the arms are very long and heavy, thereby sub-

jecting the calyx to a considerable strain.

The arms of Marsupites are, so far as we are able to judge, short and light, so

that in this genus a calyx showing a close approach to the most primitive possible

form of the pentamerous typo, upon which the later fossil and the recent crinoids

are constructed, is found. In Uintacrinus, on the contrary, the arms are excessively

long and heavy, and the strain which these long and honry arms exert upon the

cal}-x is counterbalanced by a reduction in size of the calyx plates anil by the

incorporation in the body wall of numerous brachials and pinnulars. so that the

mechanical stress is taken up by a network of small sutures running in ever\- direc-
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tioii, binding the ossicles together far more tightly than the few large sutures of

Marsupites, j'et admitting of at least as much flexibility of the body wall. The
difference between Marsupites and Uintacrinus is found to be, when analyzed,

merely a difference in arm length; the structure of the arms in the two genera is

exactly the same; the result of the great length of the arms in Vintacrinus has

been to decrease the size of the calyx plates and to increase them in number by
the incorporation in the body wall of the proximal brachials and the basal seg-

ments of the earlier piimules, the mechanical strain caused by the long arms bemg
thus counteracted.

There is a broad gap between the mechanical factors bearing upon the calyx

of pelagic cruioids and those influencuig the shape of the calyx of attached forms.

The long and supple columns of such comparatively short-armed genera as Ily-

crinus (fig. 3, p. 62), RJiizocrinus, Hyocrinus, Proisocrinvs (fig. 128, p. 199), Thalasso-

crinus (fig. 145, p. 209), and Ptilocrinus (fig. 144, p. 207) allow of a great amount of

swaying, so that no severe strain is ever brought to bear upon the sutures between

the rows of caly.x plates. Motion induced by any object hitting the crown is taken

up by the articulations of more or less of the upper portion of the stem, and very

little stress is exerted on the sutures between the calyx plates. In the pentacrinites

the stem, though exceedingly long, is furnished throughout with cirri, by means of

which the animal is attached. The result of this method of attachment is exactly

the same as if the stem were very short, for all the cirri which can reach a fixed

object cling to it, and only a small portion of the column reaches free above the

topmost of the clinging cirri. Thus the swaymg of the pentacrinito crown, which
is very large, with very long arms, is nothing like so free as the swaying of the

crowns of the species without cirri; the resulting added stress on the calyx plates

has had the effect of reducing them in size and of modifying their arrangement, so

that they have come to form a compact patina supporting the visceral mass and
serving as an attachment for the arms. In the comatulids the attachment is bj'

very numerous cirri, all arismg from a single plate which, mechanically, is an inte-

gral part of the calyx (figs. 87, p. 143, and 88, p. 145). This method of attach-

ment is almost as unyielding as that seen in Holopus, which possesses a stout,

thick, unjointed stalk (fig. 517, pi. 1); and we find, exactly as in Holopus, a maxi-
mum reduction of the calyx, the radials, as in Holopus, resting directly upon the

column, or what remains of and represents the column, the basals, as well as the

infrabasals, having been eliminated from the body wall altogether.

In the gradual evolution of the perfected crinoid type (fig. 74, p. 127) the een-

trale was the first to become affected; fixation took place by this plate, which
increased in size, and became reduplicated by the continuous formation of similar

plates just within it, resulting in a series of columnars.

Next the infrabasals became reduced in size, at the same time moving inward
toward the center over the outer border of the centraie, now become the stem (as

a result of the mechanical necessity of affording a firm support to the heavy calca-

reous body wall resting upon the now rigid reduced centraie), and gradually reclining

to a horizontal position, until they became merely five quite functionless minute
plates cappmg the ends of the basals and entirely covered by the stem, as in
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the pentacriiiitcs (fig. 566, pi. 7), or entirely losing thoii- identity and merging with
the topmost eolumnal, as in the comatulids and in various other forms.

This left the basals to form the floor and the lower part of the sides of the
calyx, as we see in such forms as Calamocrinus or Ptilocrinus. But now the basals

began to undergo the same change; they became reduceil in size, and reclined to

a horizontal position, at the same time movmg inward over the hmer (now upper
or ventral) surface of the infrabasals toward the center. The basals of the penta-
crinites are at this stage, but those of the comatulids have gone still further, become
quite small and functionless, and been metamorphosed into the rosette, as already

explamed, excepting only in the genus Atelecrinus, where, although there are no
undoubted infrabasals in the adult, the basals have transformed only to the stage

at which we find them in the pentacrinites.

The metamorphosis of the orals is exactly correlated with that of the liasals;

but it is entirely confined to resorption, so that, as the basals become reduced and
transformed into the rosette, the orals gradually disappear.

In a few types, especially within the family Bourgueticrinidffi, the metamor-

phosis of the basals has followed somewhat different lines. Instead of gradually

leaning outward with the progressive development of the calyx, they have grad-

ually leaned inward, so that finally they have come mto a position more or less

parallel with the dorsoventral axis of the animal, eventually fusing and forming a

small and solid ring-like, cylindrical, or truncated conical calcareous element, which

to all intents and purposes is simply a topmost eolumnal firmly attached to the

radials. During this change the basals may become much reduced in size or may
become very greatly elongated, so that each presents a maximum surface for

attacliment to its fellows on either side. Various stages of this process are seen in

Democrinus (fig. 133, p. 203), Bythocrinus (fig. 131, p. 203), Mormchoerinus (fig. 132,

p. 203) and Bhizocrinus, Baihycrinus, and Rycrinus, while in Naumachocrinus (fig. 130,

p. 203) it is shown in its most perfected form.

Finally the radials, both in the comatulids and in the pentacrinites, originally

lying in five planes each parallel to the dorsoventral axis, have gradually leaned

outward to a nearly or quite horizontal position, and have moved inward over the

inner (now upper or ventral) surface of the basals so that, properly speaking, they

form the floor of the calyx, and not the sides as formerly, their chief function being

to serve as the attachment for the arms, instead of as formerly (and at present in

such genera as Calamocrinus, Thalassocrinus (fig. 145, p. 209), Uyocrinus, Gephyro-

crinus, Ptilocrinus (fig. 144, p. 207), etc.), to protect the internal organs.

This change in the size and in the interrelationships of the primitive calj'x

plates is to be accounted for solely by the gradual change in the mechanics of the

organisms. A globular body covered with large equal plates, just in apposition

at their borders and without overlap, is well suited for a pelagic existence, and we
see it retained only in the pelagic sj)ecie8, where it is best shown, ])robably in an

exaggeration of the primitive condition, in the aberrant comatulid Marsuintca

(fig. 565, pi. 7).

79146°—Bull. 82—15 23
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Fixation b}' tho centralo results in a great strain being exerted, either bj^ the

constant motion of the arms or by tho motion caused by waves or by other organisms,

along the sutures between the centrale and the first circlet of plates, and between

the incHvidual plates of that circlet. This is met in such genera as Holopus (figs.

514, 517, pi. 1) by a sohd welding together of all the calyx plates, resulting ha a

solid calcareous mass with no possibiUty of motion except in the tegmen or in the

arms. But most commonly the strain is relieved by a combination of two proc-

esses, the fixed base elongating into a column with many joints, giving fle.xibihty,

and the plates of the lowest circlet shpping inward over the ventral (upper) surface

of the topmost columnal (the primitive centrale), so that they are supported by a

considerable i)ortion of their outer surfaces instead of by their edges only, and

the weak vertical suture between the centrale and the plates of the lowest circlet

is eliminated. The horizontal sutures, by which the plates meet end to end while

lying parallel to the axis of the stem, are i)erfectly capable of supporting a reason-

able weight by a mere thickening of the adjacent plates, and thus are not altered.

This arrangement is satisfactory for a crinoid with comparatively short arms

on a semirigid column, but if the column becomes very rigid, or if tlie arms become

very long, it is evident that a great strain will be brought upon the sutures between

the plates of the lowest circlet (now horizontal or nearty so) and those of the circlet

just above; this is met by a change in tlie second circlet of plates by wliich they

become braced on the first, just as the first became braced on the topmost columnal,

and thus cease to form a part of the calj'x wall. Tliis has happened in the penta-

crinites. In the comatuhds fixation is by means of very numerous cirri all arisuig

from a single ossicle, which act collectively as grapphng hooks (figs. 306, 307, p. 265),

and is much more fkra than in the case of the pentacrinites, tho crowTis of which

sway at tho summit of a long, broadty spiral flexible stem. The comatuhds, there-

fore, must solidify the calyx stiU further to meet the conditions of life under which

they live, and they have done this by reducing all the calyx plates to a horizontal

position and welding thom sohdly together by close suture or by sjniostosis.

Atelecrinus typically does not cling to foreign objects as do most of the coma-

tuhds, but rests upon the ooze on a circular disk formed by the long, nearly straight

cirri. It is thus not subject to any great calyx strain, and has returned its basals

in the condition in which we find them in the pentacrinites.

The purely mechanical origin of the reduction of the calyx plates must be con-

stantly borne in miud, as it may easily be seen that a comparatively small change

in habit may result in an enormous change in the form and in the proportions of

the calyx plates which is of but minor systematic significance. An excellent

example of this is seen in the genus Marsupites (fig. 565, pi. 7), which superficially

does not in any way resemble the recent comatulids, though in reality it is very

closely related to them.

With this reduction circlet by circlet of the calyx, it naturally follows that, as

can be seen in the young developUig Antedon, the internal organs are progressively

extruded more and more from the calyx, until they come to lie on and to be

protected by, tho lower segmejits of the postradial series (fig. 74, p. 127). The
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supporting and protective functions originally exercised by the infrabasals; basals
and radials have, in the comatulids and in tlie pentacrmites, been assumed by the
postradial ossicles to and including the second brachial of the free undividetl arm.

As the visceral mass has constantly ijicreased in proportionate size, while the
basals have dwindled and become metamorphosed into the rosette, and the radials

have ceased their development and become small recumbent plates, it now projects

far outward on everj^ side and has come to bo supported upoti the IBr series and the

first two bracliials, which have assumed the lateral supporting and protective

functions originally and primarily characteristic of the basals, radials, and other
calyx plates (figs. 83, p. 136, 85, p. 139, 92, p. 151, 111, p. 177, 113, p. 181, 119,

p. 185, and 121, p. 189).

Thus the calyx of the comatulids is peculiar in being primarily made up of

three circlets of horizontal plates alternating in position and superposed one upon
the other, the uppermost circlet forming the floor upon which the visceral mass
rests, the calj^x plates having entirely lost their original function of inclosing

and protectmg the visceral mass, one circlet having disappeared or become quite

obsolete (the infrabasals), the next having been so metamorphosed as to per-

form the duties merely of an undivided horizontal septum within the original

caljTC (the basals), and the outer (the radials) having been so reduced as to serve

practically no other purpose than as a base for the attachment of the arms (figs. 431,

432, p. 349).

In regard to the changing relations between the calyx plates and the visceral

mass in the developing young of Antedon bifida, W. B. Carpenter sa3's: "For
some little time after the appearance of the arms the relations of the skeleton of

the calyx to the visceral mass it includes undergoes but Utile change, the chief

difference consisting in the more compact condition it now comes to present in

consequence of the advanced development of its component pieces. The five

basals now possess a regularly trapezoidal form, the lower part of each being an

acute angled triangle with its apex pointing downward and its upper part an
obtuse angled triangle with its apex directed upward. The radials, with the

anal intercalated between two of them, now form a uearty complete circle resting

on the basals and separating them entirely from the orals. Their shape is some-

what quadrangtdar, two of their angles pointing vertically upward and dowiiward,

the other two laterally toward each other. Their lower angles are received between

the upper angles of the basals. A very important change takes place in the rela-

tions of the several parts of the cah-x and its contents which gives to the body of

the more advanced pentacrinoid a much closer resemblance to that of tho adult

Antedon. Instead of being completely included within a calcareous casing, wliich not

only supports it below but can close over it above, tho visceral mass which occupies

the cavity of the calyx, is henceforth to bo merely supported by its skeleton, its

upper surface losmg all protection except such as is afforded bj' the infolding of

the arms, and being extended ijito a disk of which the mouth only occupies the

center. Tliis change is essentially connccteil with the increased development of

the intestinal tube which now forms a nearly complete circle around the stomach
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nnd cdmcs to possess a second (anal) orifice. The orio;inal basals have undergone

htlh>, if any, increase, but the radials are now much larger and s|)read out so as to

extend to the base of the cup instead of forming its sides. This spreading out

results from the increase in their own breadth without a corresponding increase

in the diameter of tlio circle on which they rest, so that they are forced to extend

themselves obhquely instead of vertically. The anal plate, being attached not so

much to the adjacent i)lates as to the visceral mass, begins to be lifted out from
between them with the development of the anal funnel, and the space left by it is

partly filled up by the lateral extension of the two radials between which it was
previously interposed, bxit wliich do not as yet come into mutual contact. The
primibrachs also increase in all their dimensions, but particularly in breadth, and
they thus assist in supporting the visceral mass which, at the conclusion of this

stage, extends itself as far as the bifurcation of the arms. The most remarkable

change in the condition of the calcareous skeleton in this stage, however, con-

sists in the altered relative position of the orals; these do not partake of the enlarge-

ment so remarkably seen in the radials, nor do they become more separated from
each other. The cu-clet of orals continues to embrace the circle of oral tentacles the

diameter of which comes to bear a smaller and smaller proportion to that of the ven-

tral surface of the disk, as the size of the latter is augmented b}^ the development of

tlie intestiniil tube around the gastric cavity, and thus it comes to pass that the

circlet of oral plates detaches itself from the summits of the radials on wliich it was
previously superimposed, and is relatively carried inwaid by the great enlarge-

ment of the circle formetl by the latter, the space between the two series being

now filled in only by the membranous perisome which is traverseil by the five

radial canals that pass out from the oral rmg between the oral valves to the bifura-

cation of the arms. During the latei stages of pentacrinoid life the calyx is still

more opened out by the increased lateral as well as longitudinal development of

the radials, but the diameter of the disk augments in even larger ])roportion, so that

it extends nearly as far as the bifurcation of the arms. The oral circlet is thus sepa-

rated by a much wider interval from the periphery of the disk, and in this outer

ring the anal funnel is now a very conspicuous object, the anal ])Iate which it bears

on its outer side being altogether lifted out from between the two radials which
it originally separated. Before the body of the pentacrinoid drops off its stem
an incipient resorption of the orals is discernable; this resorption commencing
along the margins of the ajjical portion so that these plates lose their triangular

form and become somewhat spear shaped."

In the comatulids the radials compose the only circlet of body plates per-

sisting as such to the adult stage (except in the genera Atelecrlnus and Aiopocrinus,

where there is also a circlet of urmietamorphosed basals), the infrabasals (when
present at aU) having early become united with the centrodorsal, and the basals

at a later stage having moved inward and become completely metamorphosed into

the rosette, or possibly in some cases entirely resorbed (figs. 6G-6S, p. 93, and 431,

432, p. 349).
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The five radials when united in their natural position form what is known as
the ratlial pentagon (figs. 11, 12, p. 65). Dorsally wliere it is joined to the
centrodorsal the surface of tliis radial pentagon as a whole is almost flat, though
the surface of each radial has a slight convexity resulting in usually shallow reentrant
furrows along the lines of suture between the individual radials (figs. 465-467, p. 359)

.

The crinoid radial is not a calyx plate at all, but a true arm plate, correspondmg

Fig. 431.

Fig. 432.

Figs. 431-432.—(31, The centrodorsal and radial.s of a speomen op Terometra diomede^ from southern Japan; the
articular faces of the radlals show, "wtthin the muscular fossj., supplementary muscle plates and, just below
these, ligament bosses. 432, lateral view of the centrodorsal and radials of a specimen of tontiometra ander-

30NI FROM Singapore showing, on the articular faces of the radials, the supplementary ugauent foss^ on the
OUTER portions OF THE TRANSVERSE RIDGE.

exactly to each and every axillary; it is the equivalent of the asteroid teiminal, but,

as an entity, has no equivalent in the echinoids.

The basals, lying directly over the five primary nerve trunks, indicate the

five prunitive divisions of the crinoid body: planes including the interbasal sutures

divide the crinoid into five mori)hologically equivalent sections. But the basals

alternate in position both ^\^tll the infrabasals below and with the radials above

them.



350 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

The crinoid arms are, as will be later shown, i)rimarily paired interradial

structures which have become joined alonp: their radial edges, forming a radial

biserial api)enihige, the ossicles later slipi>ing in between each other so that an

elongate uniserial appendage results. The original arms were therefore i)rimarily

ten in numl)er, ancl were probably homologous with the auricles of the urchins

including the ossicles of the dental i)3'rami<ls, though turned outward from the

body of the animal instead of being wholly internal. Originally, before their

union into five, the arms probably bore no ventral ambulacral structures, and had

no function other than that of increasing the surface of the disk by increasing the

distance between the points of attachment.

Now there are definite indications that not only the arms but also the radials

were originally ten in number, two on the distal edge of each basal, anil that each

of the interbasal radials as we now know them in the crinoids is composed of two

primitive radials, one from the distal border of each of the underlying basals.

The dorsal nerve cords arise as stout interradial processes lying exactly over

the nerv.es leading to the cirri in the monocyclic forms. These two sets of nerves

thus bear exactly the same relation to each other that the dorsal and ventral nerves

do which ijmervate the legs and wings of insects, and are probably to be considered

as in a way analogous to these. Within the basals each of these primary nerve cords

divides into two secondary nerve cords, each of which enters an adjacent radial;

at the distal border of the radials the two cords from the two adjacent basals fuse

and form a single cord which is continued into the arms. Thus the arms are

innervated by a radial nerve cord which is formed by the ultimate union of the

two halves of interradial primar}'' nerve cords.

Each primary trunk within the radials, as also just after its di\dsion within the

basals, indicates its primarily interradial origin by a conomissuro wliich joins the

derivatives from the original nerve trunk (fig. 64, p. 89). Each of the great doi-sal

nerves of the arms is made up of half of each of the two primary nerve trunks of the

basal <m either side of and below the radial at the base of the arms which have moved

together and have become fused into a single nerve.

We thus have each of the primary nerve cords dividing and sending out two

diverging brandies (wliich happen to fuse with similar branches from the adjacent

primary cords in the recent forms) that are connected by two transverse cords, one

within the basals, the other within the radials. These transverse commissures I

consider to bo strictly comparable to similar commissures in the ventral nervous

system of primitive molluscs, phyllopod crustaceans, nemerteans and Peripatus,

and to show conclusively that the five radiathig units of which the nervous system

of a crinoid is made u]) are not the five radial nerves fnmi the radials outward,

but the interradial primary cords and their branches and connectives as far as the

point of union in the radials ; and from that point onward the axial cord of the arm

must be considered as being coni])osed of two halves, each belonging to the ad-

jacent interradial nerve cord, and tlierefore as being in reahty two halved inter-

radial nerves lying side by side in a radial position. The radial commissures (wliich

collectively form the so-called circular commissure) are therefore to be regarded as
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Fig. 433. Fig. 434.

Fig. 437. Fig. 438. Fig. 439. Fig. 440.

Fig. 442.

Fig. 441.

FlO. 443.

Fig. 444. FlQ. 445. Fig. 440.

FiG3. 433-146.—433, Dorsal face of a radial from a spf-cimen of Comanthvs pabvictrra from the Phillippdie Islands

(AFTER p. H. Carpenter). 434, Dorsal face of a radial from a specimen of Comanthus pAR^^aRRA from the Thil-

IPPINE Islands (after P.n. Carpenter). 435, Ventral face of a radial from a .specimen of Comaxtiiu.s paem-
VICIRRA FROM THE PHIUPPINE ISLANDS (AFTER P. U. CARPENTER). 430, VENTRAL FACE OF A RADIAL FROM A .SPECI-

MEN OF COMANTHUS PARVICIRRA FROM THE PHILIPPINE ISLANDS (AFTER P. 11. CARPENTER). 437, INNER FACE OF A RADIAL

FROM A SPECIMEN OF CoMANTDUS PARVICIRRA FROM THE PniUPnNE ISLANDS (AFTER P. H. CARPENTER). 438, INNER PACE

OF A RADIAL FROM A SPECIMEN OF COMANTHUS PARVICIRRA FROM THE PHIUPPINE ISLANDS (AFTER P. H. CARPENTER). 439,

Articular face of a radial from a speomen of Comanthls PAR^^cmRA from the PiiiuppncE Islands (after P. H.
Carpenter). 440, .\rticular face of a radial from a specimen of Comanthus pAR\nnRRA from the Puiuppine Is-

LA.VDS (after p. II. carpenter). 441, TWO UNITED RADIALS FROM A SPECIMEN OF CuMAIULA SOLARIS VIEWED VEXTRALLV
(AFTER P. II . Carpenter). 442, Two united r.^duls from a specimen of Comatul.\ Solaris viewed from the interior

OF THE RADIAL PENTAGON (AFTER P. II. CARPENTER). 443, TWO ITNITED RADIALS FROM A SPECIMEN OF COMATULA
SOLARIS \1EWED DORSALLY (AFTER P. H. C.VRPENTER). 444, A RADIAL FROM A SPEQMEN OF COMATULA SOLARIS VIEWED
FROM THE INTERIOR OF THE RADIAL PENTAGON (AFTER P. H. Carpenter). 445, AN ISOLATED RADLAL FROM A SPEOMEN OP

COM.ITULA Pr.CTINATA VIEWED (a) VENTRALLY AND (6) DORSALLY (AFTER P. H. CARPENTER). 446, AN ISOLATED RADIAL

FROM A SPECIMEN OF COMATULA PECTINATA VIEWED FROMTHE INTERIOR OF THE RADUL PENTAQON (AFTER P. II. CARPENTER).
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five entirely distinct connectives, in every way comparable to the five isolated intrar

basal commissures.

Indeed in Encrlnus liluformis (as worked out by Beyrich) the truth of tliis is

well brought out, for the diverging branches from the primary interradial nerve cord

do not meet, but remain always at a considerable distance from each other, so that

the five commissures connecting the branches are widely separated. Encrinus is

a genus of the palajozoic type with biserial arms, and therefore is much more primi-

tive (in its arm structure at least) than the recent uniserial types. Its brachial

nerve cords thus may be confidently assumed to be also more primitive, and to indi-

cate the course by which the nerves of the recent comatulids and of the pentacrinites

have attained their present complexity.

In Ainocrinus parhinsoni the course of the canals has been worked out, and it

is found that the derivatives from each of the primary interradial nerve trunks

always keep separate, runnmg parallel through the IBr,, diverging in the IBrj

(axillary) which has no chiasma, and entering the arms, the two arms of each pair

being innervated from the adjacent interradial areas and entirely independent of

each other. A commissure connects the diverging branches of each primary inter-

radial nerve trunk witMn the radials, but there is no proximal (intrabasal) com-
missure.

The clue to this interpretation of the nervous system of the crinoids is furnished

by the axillaries; within each axillary we find a compUcated chiasma (fig. 62, p. 89)

;

the entering nerve branches at once, the two derivatives emerging at the center of

the two distal articular faces; a conamissure connects these two derivatives just

before they emerge; just beyond the division of the original nerve cord an obUque
commissure is given oS to the transverse commissure, the two oblique commissures
crossing at their distal ends.

Close examination shows that the division witliin the axillary is exactly the

same as the division of the primary nerve cords within the basals and the radials.

The axillary is composed primarily of two fused ossicles, as is shown by the articu-

lations b}^ which it is joined to the preceding and succeeding ossicles; the significance

of these will be fully explained later.

In Encrinus each of the two nerves wliich enter the axillary branches, the inner

derivative crossing over to the opposite side, and from each of the two distal faces

of the axillary two nerves are given oil side by side, one of each of the pairs being
from the loft hand and the other from the right hand large nerve which entered the

axillary. Thus in Encrinus the interradial nerves do not intermingle, but run side

by side, not fusing to produce a radial nerve cord, as is the case in the comatulids and
in the pentacrinites. Encrinus possesses the intraradial commissures, but not the

intrabasal; and it has no transverse commissures in the axillaries. But in the pen-
tacrinites there is an intrabasal commissure, and there is also a similar commissure
within the axillaries.

The chiasma witliin the axillaries of the pentacrinites and of the comatulids
therefore is a reduplication of the conditions seen in the primitive nerve cord; the
the small diagonal fibers represent the original branching of the two prinntive nerves,

though as a result of the fusion of these two nerves into one they have become prac-
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Fig. 448.

Fig. 447.

Fig. 449.

Fig. 450.

Figs. 447-452.-447, Dorsal view of the radial pentagon of a sPEaMEN of Comatella nigra from the TrauppiNE Islands.

448, Dorsal view of the radial pentagon of a speomen of Comatella steluoera (after r. IT. Carpenter). 449,

Dorsal ^tew of the radul pentagon of a speouen of Comatella maculata from Queensland (after V. 11. Car-

penter). 450, Dorsal view of the radial pentagon of a speomen of Neocomatella alata from Cuiia. 451, Dorsal

MEW of the radial PENTAGON OF A SPEaMEN OF NpM.VSTER INSOUTUS FROM THE LE-SSER .VNTILLES. 452, DORSAL VIEW

OP THE RADLAL PENTAGON OF A SPECIUE.S OF LEFTONEMASTER VENVSTUS FROM THE WEST COAST OF FLORIDA.
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tically functionlcss, and consequently greatly reduced; the transverse commissure

in the axillary is the representative ajjparently of the intrabasal commissure, the

commissure of both branches having beccme superposed and merged into one.

Now we know that the axillary is a doul)le ossicle, arising fioni the fusion of

two ossicles interiorly with the result of formmg the complicated cliiasma; or, in

other words, the axillary represents a retarded phase in the transition from the bi-

scrial to the unisonal type of arm. The exactly comparable structure, shown by

the nerve cords witliin the calyx, is just as evidently the result of the drawing apart

of the two derivatives from the primary interradial cord as the result of the fusion

of two ossicles exteriorly, an intermediate stage being seen in Encrinus.

Viewed in this hght the nervous system of the crinoid is seen to be after all

quite similar to that of the other higher invertebrates, especially to that of the

arthro])ods, instead of being unique as has commonly been supposed.

In such fossil forms as have biserial arms it is to be remarked that at the arm

bases the brachials become uniserial; this is not to be interpreted as indicating

that the arms wore originally uniserial, but quite otherwise; mechanical consider-

ations have forced the amalgamation of the two primitive radials into one, and simi-

larly have forced the uniserial arrangement of the first two, and partially of the

third and fourth, brachials. The first four brachials, as will be shown later, are

mtermediate m their character between the radials proximal to and the brachials

succeeding them; thus their relationship to each in the biserial arms is especially

instructive.

Thus we have good evidence that the radials were prunarily double ossicles

arranged in pairs, each pair superposed upon a smgle basal, just as the brachials

beyond them are primarily arranged in a double series, or else Avere primarily smgle

ossicles each superposed du-ectly upon a single basal, each later dividmg into two;

the five radials as we see them now resulted from the fusion of the prunitive radials

into pairs exteriorly; that is, the two on each basal joined, not interiorly with each

other, but exteriorly with those on adjacent basals.

We know of no crmoids m which the radials are ten in number arranged in

pairs over the five basals, each of the ten being the equivalent of half of a radial in

the forms in which the radials are five in number. Promachacrinus and Thau-

matocrinus have ton radials, but each of these ten is the equivalent of one of the

five radials in allied forms or of one of the hypothetical origmal pairs, beiag,

though developed later, a perfect twm of the one lying at the side of it.

Thus the dorsal jiortion of the ambulacral system of the crinoids (and of the

other echinoderms as well) is entirely a double system formed by the lateral union

exteriorly of ten interradial processes, though it supports ventrally smgle structures

arising from the prolongation along its ventral surface of various of the circular

circumoral systems.

A consideration of the mechanical conditions aflocting the structure of the cri-

noids shows at once why ten smgle radials superposed upon the five basals are

never found. The echinoderms are divided into three or five radial divisions

because of the fact that the divisions are by lines of weakness and therefore nmst

be of some uneven number, for if the number were even the animal would be sub-
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jcct to a severe shearing stram aloiif; the divisions which wouhi then pass directly

across it. In animals in which the radial <livisions are marked by hues of strength,

as in the ccclenterates, their number is always even, for the reason that the con-

tinuation of these lines of strength across the entire animal give an added rigidity

which would be lost were these lines not contmuous across the center. Now if the

basals were superposed directly upon the infrabasals ami bore the radials, smgle

or paii'etl, directly upon them, the entu'e animal would be divitled from the stem

outward by five sutural Imes separatmg five soUd calcareous masses. Such an

arrangement would greatly weaken the anunal; every tune an arm were struck

there would be great danger of tearing out an entu-c sector as far downi as the top

of the stem. For this reason we find the radials alternating with the Ijasals mstead

of superposed directly upon them, and five instead of ten in number. The same
mechanical reason has induced the prolongation of the basals and infrabasals

into sharp angles between the bases of the succeeding plates, ft)r a sharply zigzag

sutural Ime is not subject to the shearing strain to which a straight line of weak-

ness would be liable, and thus the extremely angular Ime marking the union of the

basals and the radials, or of the infrabasals and basals, is far stronger than a straight

line would be in the same situatit)n.

Against this mechanical interpretation of the origm of zigzag arrangement of

the calyx plates in the crinoids it might be urged that in the echmoids, which are

more or less globular and rigid and therefore as a whole comparable to a cruioidal

calyx, all except the apical plates are arranged in columns. But the two cases are

not by any means the same. The ambulacral series of the echinoid are analogous

to the biserial crmoid amis, and the interambulacral series to the perisomic interra-

dial plates such as are well seen in certam comasterids m which, though of purely

fortuitous origin, and arising very late in life, through a segregation of the peri-

somic spicules uito dense groups, their arrangement is strictly comparable to that

of the echinoid interambulacrals. Originally the echinoid was provided with

strong internal muscles and possessed a more or less flexible test, as we see in the

echinothurids to-day. This resulted in the retention of the colunuiar arrange-

ment of the plates and also induced a narrowing of the individual plates so that,

though they alternate in adjacent columns, the angles of the horizontal suture

lines are eliminated so far as possible. With the plates in vertical columns and

the plates in each column very narrow there is given a maximum of flexibility along

the axes at right angles to the longer diameter of the plates. With the deteriora-

tion of the muscles, though stiU rctaming the colunmar arrangement, the plates

became broatler with much more promuient angles, approaching the hexagonal

in form; so that, in such forms as the cidarids, a very considerable rigidity is at-

tained, and in exactly the same way as ui the crinoid cal^'x, the adjacontcolunms

of plates alternating with each other and joining by a very sharply angular line

resultmg in a firm dove-tailing, just as the basals are joined to the radials, and the

plates of each column joining the plates above and below for a nunimum length of

their edge while interlocking with the alternatmg plates for a maximum, just as the

circlet of basals is interlocked between the circlet of undcrbasals and the circlet of

radials.
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Fig. 461. FlO. 462.

Fig. 404.

Figs. 459-464.-^59, Dorsal view of the radial pentagon or a specimen or Comasteb fbuticoscs raoM the PmuppiNE
Islands. 460, Dorsal \iEvr or the radial pentagon of a specimen of Comantuus PAR\nciBRA from the Piiiuitine

Islands (.wter P. 11. Carpenter). 461, Dorsal\iew of the radul pentagon of a specimen ofComantius parvkikra
FROM the Philippine Islands (after P. H. Tarpenter). 463, Dorsal ^hew of the radial pentagon of a speqmen
OF COMANTHUS PAR^iaRRA FROM THE PHILIPPINE ISLANDS AFTER THE REMOVAL OF TUE ROSETTE AND THE BASAL STAB (AFTER
P. II. Carpenter). 463, Dorsal mew of the radial pentagon of a spectmen of Comanthus parvihrra from the
Philippine Islands (after P. H. Carpenter). 404, Dorsal view of the radial pentagon of a sPEaMEN or Comanthcs
PARViaERA FROM THE PHILIPPINE ISLANDS (AFTER P. II. CARPENTER).



358 BULLETIN 82, UNITED STATES NATIONAL MUSEUM.

Ill all criiioids, but especially eniphasize<l iii such species as Araclinocrinus

hulbosus (fig. 595, pi. 16), a most extraordinary similarity and correspondence is

seen between the radials and the axillaries iii the arms. An analysis of the chiasma

formed l)y the dorsal nerves in the axillaries shows that this is merely a redupli-

cation of the conditions occurring m and about the radials.

Axillaries are always followed, on each of the derivative arms, by two ossicles

which are the exact counterparts of the two ossicles immediately foUowing the

radials.

The first of these ossicles is invariably attached to the axillary, and no normal

process ever takes place which results ui separating them, though in arm redupli-

cation separation ordmarOy occurs between the first and second.

Similarly, the first of the corresponding ossicles follo^ving the radial is invari-

ably attached to it, and never becomes separated from it, though the radial may
become separated fi-om the basals or from the inirabasal below it by the intercala-

tion of a subradial'plate, from the adjacent radials by the development of inter-

radials, and from the basals by the degeneration and metamorphosis of the latter.

The first segment of the free undivided arm m the crinoids is in reality the

axillary from which it takes its origin. In forms which do not possess division

series, as those belonging to the family Pentametrocrinidae, the radial occupies

the place and performs, the functions of this axillary.

We, therefore, are led to assume that in reality the radial is morphologically

identical with the succeedmg axillaries, an assumption which is strengthened by
the fact that radials are occasionally doubled—that is, to all intents and purposes

axillary themselves—giving rise to two similar postradial series just as do axUla-

ries. It was the occurrence of true axillary radials, reported from tune to time

in various species, which first suggested the idea, subsequently shown to be

abundantly justified, that the two 10-rayed genera Promachocrinus and Thauma-
tocrinus were derived from the corresponding 5-rayed genera Cyclometra and

Pentumetrocrinus by the formation of axillaries by each radial, these later becoming

di\'ided into two by a process of twbinmg.

Axillaries arise through the mcomplete fusion of two originally distinct seg-

ments. Since radials only differ fi-om axillaries in bearing a smgle instead of a

double subsequent series of ossicles, we may safely infer that, like axillaries, their

relationsliips are ^vith the ossicles following and not with those preccdmg.

This is shown to be the case in axillaries in species in which the arm division

is of the so-called extraneous type, as in Metacrinus, or in which the division

series are of four ossicles, as m such species as ComantJius iemietti; the axillary

may be joined to the preceding ossicle by synarthry (as in Antedon), by syzygy

(as in all the division series except the first in Comanthus hennetti), or by oblique

muscular articulation as in Metacrinus; and may occur on the outer of the two

ossicles of an interpolated division series (as in Antedon, and in all species in which
the division series are composed of two ossicles only), on the epizygal of the first

syzygial pair (as in all the division series except the first in Comanthtts hennetti,

and in all division series consisting of four ossicles), or fortuitously in the distal

part of the arm (as in Metacrinus and in all species in which extraneous division
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occurs); but no matter what the relation of the axillary is to the preceding

ossicles, the relation to the succeeding ossicles is always the same, and, furthermore,

it is always the same as the relation of the radial to the next succeeding ossicle.

Smco axillarics are clearly most intimately related to the succeeding ossicles

and show no relationship whatever with those immediately preceding, it is natural

to infer that the same interdependence holds in the case of the morphologically

strictly comparable radials; that is, that the radials are in reality arm plates, and

are not in any way to be regarded as calyx plates, in spite of their position as an

integral part of the covering of the body wall.

In certain crinoids, which have relatively enormous bodies and short arms, the

radial may be separated from the infrabasal beneath it by an extra plate, which

disappears in the later types, persistmg in many beneath the right posterior radial

only. The so-called "anal" of the young Antedon is the last remnant of this ])late,

shoved far out of its normal position.

The radial is the equivalent of the asteroid terminal; therefore these subradial

plates occupy precisely the same situation as the asteroid brachials, of which they

appear to be the direct representatives; but they are dropped in all of the more

specialized crinoids, mcluding all of the recent forms, which thus show a reversion

to the more compact echinoid type of test, profoundly modified by the inclusion

in it, as a fundamental feature, of the radial, corresponding to the asteroid termmal,

but not corresponding as an entity to any echinoid plate.

The occurrence of subratlials in the crinoids with large calices indicates the

very close connection between the radials and the brachials succeeding, strongly

suggesting that the radial is in reality an arm and not a calyx plate. Moreover,

were the ra<lial a calyx or coronal plate homologous with the ocular of the urchin

(a view very commoidy held), we certainly should not expect it ever separated

from the apical portion of the animal by subradials.

There are only two series of true calyx plates in the crinoids—the mfrabasals

and the basals—corresponding to the oculars and to the genitals of the urchins.

The radials and all subsequent plates belong to the appendicular series and not to

the calyx scries at all.

An appreciation of this fact, taken in connection with an appreciation of the

true interrelationships between the crinoids and the urchins, gives us a suggestion

as to the true phylogenetical significance of the radianal, anal x, and the interradials.

Anal X and the uiterradials rest directly upon the basals, and thus corrospontl

exactly to the interambulacrals in the urchins, which follow the genitals in the

same way.

Now the radials are <louble plates, the equivalent of two (or more) of the

ambulacrals of the urchins, and are separated from the infrabasals, the equivalent

of the oculars of the urchins, by the closed circlet formed by the basals.

The radianal is occasionally (though only very rarely) interpolated in the circlet

of basals, so that it forms a single plate separating two adjacent basals, and connect-

ing the rathal with the infrabasal beneath it.

It is thus possible to regard the interradials and anal .r as the basal ossicles

of the interambulacrals of the urcliins, and the radianal (including the other sub-
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Figs 471-476 -471 Dorsal view of the radial pentagon of a specimen of Craspedometra acutiorra from the .\nda-

MAN Islands 4?2, Dorsal -view of the radial pentagon of a specimen of Heterometra revnaudii from Teylon.

473 Dorsal «ew of the radial pentagon of a specimen of .\ mpiiimetra piiilii.erti from the .\ndaman Islands. 474,

Dorsal view of the radial pentagon of a specimen of .\mphimetra ensifeu from Singapore. 475, Dorsal nzv
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PENTAGON OF A SPECIMEN OF MARLIMETRA SUBCABINATA FROM SOUTHERN JAPAN.
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niiUals when present) as the first ambulacral of the urcliins in the normal position

in contact with tlie infrabasal, which corresponds to the echinoid ocular.

The rearrangement of the apical plates of the crinoid and the contraction of

the coronal ring which of necessity followed the formation of a column has brought

the basals (genitals) into a closed ring, cutting off the infrabasals (oculars) from

contact with tlie raihals (the first plates of the echiuoidal ambulacral series) and

preventing the formation between the infrabasals and the radials of the subrachals

(the representatives of all of the ambukcrals of the urcliins except the first two).

In the case of species with a very large bt)dy, allowing of more or less sepa-

ration between the calyx plates, we find that an Lnterradial series of plates, in

every way resembhng the ecliinoid interrachals, is formed above each basal (geni-

tal), wliile, excepting only in Cleiocrinus, the radial, instead of moving to a more

proximal position and occupying the gap between the basals as would naturally be

expected were the radial really the homologue of the ocular, remains in the usual

position, but becomes connected wdth the basal ring, much more rarely with the

infrabasal, beneath it by an additional plate.

In other words, both the basals and the infrabasals maintain their primitive

relationsliip to the apical area (in the crinoids covered by the column or by the

central plate) just as strictly as do the genitals and the oculars, and the shglit

deviations from the most primitive couchtion are exactly comparable to the similar

de^^ations on the part of the genitals and oculars; but whenever opportunity offers

both the basals and the infrabasals immediately give rise to series of plates which

correspond to the interrachals and to the ambulacrals following the genitals and

the oculars of the urcluns.

It is comparatively rare among the crinoids to find interradials and subradials

developed aU around the calyx; but they frequently occur in the posterior inter-

radius and beneath the right posterior ray, as it is in tins region, where the digestive

tube terminates, that the phylogenetical specialization of the calyx asserts itself

last.

The determination of the radial as a double plate arising through the mor-

phological fusion of two primarily single plates at once raises the question of the

correctness of the supposition, commonly accepted, that the crinoid radials are

really the equivalent of the eclunoid oculars, wliich are undoubtedly single plates,

In the echinoids we find at first a circlet of 10 plates, 5 larger alternating with

5 smaller, about the periproctal area; the larger are the genitals, and the smaller

are the oculars, the former being interradial and the latter racUal (figs. 71, 72, p. 127).

From the smaller (the radial oculars) arise the double series of ambulacrals,

ad(htion to wliicli is invariably made just under their outer border.

The sohd subsj)herical calcareous investment of the unattached echinoid

imposes no particular stress upon the circlet of 10 coronal plates until a consider-

able size is reached, when the weakening effect of the multiplicity of the test plates

must be, so for as possible, counteracted.

This is done by the eUmination, one by one, in definite sequence, of the

smaller plates (oculars) from the coronal ring so that the perfected arrangement

comes to be, as seen, for instance, in the cidarids, five large interradial genitals
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surrounding the periproctal area with five small oculars situated between their

outer angles, tliis arrangement giving a maximum of rigi(hty.

Now the oculars of the ccliinoids are most intimately associated with the

series of ambulacrals, and the genitals are associated with the interambulacral

series. Therefore in any readjustment In* wliich five of these plates came into

mutual contact, excluding the oilier five from contact wath the periproctal area,

each of the 10 plates must maintam its original association with the series of plates

arising from it.

As the genitals are much larger than the oculars, such association can only

be maintained by the exclusion of the oculars from the original circlet, for the

exclusion of the larger genitals by the sudden growth of the oculars behind them

would mean the more or less serious constriction, or at least crowding, of the

series of ambulacrals.

In the crinoids we fmd indicated as a primitive condition for the class a closed

ring of five small infrabasals just be3^ond which is a second closed ring of five much
larger basals wliich alternate with them; the former are radial in position, the

latter interradial. Beyond the basals is a tliird ring, sometimes closed and some-

times partially or entirely open, of radials, alternating with the basals, and hence

in Une with the infrabasals. These radials are each primarily double plates, and

moreover they belong morphologically \vith the series of l)racliials and are not

properly calyx plates at all; they do not always form a closed ring, for they may
have one or five interradials intercalated between them, and furthermore they may
be separated from the basals, or from the infrabasals below them, by one or more
subradials.

The mechanical concUtions affecting the crinoid calyx are very different from

those affecting the ecliinoid test. The fixation by means of a stalk imposes a

very considerable strain upon the apical plates, wliich therefore are at once obhged

to adjust themselves to a position tind mutual interrelationsliip of the maximum
rigidity.

In the ecliinoids the original circlet of plates about the periproct becomes

reduced from 10, 5 large alternating with 5 small, to 5 composed of the larger

only, the smaller becoming excluded and accommodated between the distal angles

of the larger.

The crinoid calyx commences wdth a circlet of five small plates, radial in

position, just beyond which is a circlet of five larger plates, interradial in position;

aU the j)lates of both circlets are usually in mutual apposition. It occasionally

happens, however, that the smaller plates are somewhat separated so that the

larger reach the summit of the cohmm between them, and we find an apical sys-

tem composed of five large (interradial) and five small (rachal) plates alternating,

exactly as in the echinoids, except that the larger plates are in contact beyond the

smaller ones.

The small plates of the fii'st circlet in the crinoids (infrabasals) are radial in

position, exactl}^ as are the small plates (oculars) in the coronal sj-stem of the

ecliinoids, and in both classes the large plates (basals and genitals) are situated

in the intcrradii.
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Pigs. 483-489.—183, Dorsal view of the r.\dul penhgon of a specimen of Pth-ometra mClleri from Austraua (after

P. H. Carpenter). 484, Dorsal ^^E\v of the radul pentagon of a specimen of Stylometra spunrERA from Ciiia.

485, Dorsal vhew of the radial pentagon of a speqmen of Stenometra quinquecostata from the Ki Islands (after

P. H. Carpenter). 486, Dorsal view of the radial pentagon of a specimen of Stiremetra dreviradla from the
Kermadec Islands (after P. H. Carpenter). 4S7, Dorsal view of the r.\dul pentagon of a young specimen of

Stiremetra bre\iradia from the Kermadec Islands (after P. 11. Carpenter). 4?8, Dorsal aiew of the radial

pentagon of a specimen of THALASSOMETRA VILLOSt FROM THE WESTERN .VLEUTIAN ISLANDS. 4S!>, DORSAL VIEV OF THE
RADLAL PENTAGON OF A SPECIMEN OF PARAUETRA ORION FROM SOUTHERN JAPAN.
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Tho corros[)()ii(lence between the oculnrs of tlie urchins and the infrabasals of

the crinoids, and between the genitals of tlie urcliins and the basals of the crinoids,

is thus seen to be remarkably close; in fact, the only difference between the two

circlets and tlieir respective interrelationsliij)S is that in the urchins the larger

plates, intcrradially situated, exclude tho smaller, radially situated, from the peri-

proct or apical area, while in the crinoids the larger are excluded by the smaller.

There thus appeare to be good cause for believing that the infrabasals of the

crinoids are tho equivalent of the oculars of tho urchins, and that the basals of the

crinoids are tho equivalent of the genitals of the urchins. This second hypothesis,

indeed, has been almost universally accepted.

The radials of the crinoids, usually considered the equivalent of the oculars of the

urchins, differ strikingly from them in (1) their indicated primarily double nature, (2)

their frequent separation from each other by interradial plates, (3) the fundamental

occurrence of plates between them and the apical portion of the animal (in addition

to the regularly present infrabasals), (4) in size, they being much larger than the

plates with which they alternate (the basals) instead of smaller, (5) in the absence

of plate formation under their distal border, (6) in their relation to the canals of the

water vascular system, which pass beyond them to the region of the infrabasals, and

in (7) their relation to the muscular and nervous systems. In all of these points

the oculai-s of the urchins correspond to the infrabasals of the crinoids in so far as

the relationships of the latter have been determined.

But the oculare of the urchins are always situated at the head of the series

of ambulacrals, while the infrabasals of the crinoids are in the later types always

widely separated from the radials, which form the bases of the so-called post-radial

series.

The division series and the first two brachials of the free imdivided arm in the

crinoids, the so-called interpolated series, developed in an area of skeleton-forming

dorsal perisome left exposed by the excess of growth of the visceral mass over that

of the dorsal skeleton, or rather by the much more rapid contraction of the calyx

plates than of the visceral mass, whereby the arm bases (the third brachials of the

free undivided arms) have become widely separated from the calyx plates, are tlie

equivalents of the auricles, and of the plates of the dental pyramids, in part of the

urchins. They were originally derived from vertical and parallel series of plates

resembling those in the ambulacral fields of the urchins by a complicated s3"stem of

segregation and fusion. The radial, being primarily double and forming the base

of this series, corresponds to the firat two ambuhua-als in the urchin to be formed,

that is, to the two ambulacrals situated on the bonier of tho peristome, while the

subradial corresponds to all the ambulacrals of the urchin between the two situated

on the border of the peristome and the ocular.

This arrangement was perfected so long ago in the phylogeny of the crinoids

that we get but a slight hint of it even in the earliest fossils, while in the develop-

ment of Antedon the interpolated series appear as a branching linear series of ossicles

with no suggestion of the interpolated nature of their ultimate origin.

Apparently something occurred to stop suddenly the further development of

tho ambulacrals in tho crinoids, and the ambulacrals already formed, not being able
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FlQ. 490.

Yui. «1.

FIO. 493.

FlO. 492.

FlO. 494. Fio. 495.

Figs. 490-495.—490, DoKSAL view of the eadul pentagon op a specimen op Pach^xometka angcsticalyx from thi
Meangis Islands (attee P. H. Cahpentee). 491, Dorsal view of the eadial pentago.n of a specimen of Pachvlo-
metra injEqualis from the southwestern Pacific (after }'. II. Carpenter). 492, Dorsal view of the radial penta-
gon of a specimen of Crinometea concinna from Cuba. 493, Dorsal \tew of the radial pentagon of a specimen of
PCECILOMETRA ACCELA FROM THE MEANGIS ISLANDS (AFTER P. H. CARPENTER). 494, DORSAL VIEW OF THE EADULPENTAOON
OF A SPECIMEN OF CHARITOMETRA INCISA FROM THE SOUTHWESTERN PACIFIC (AFTER P. II. CARPENTER). 49.'), DORSAL
VIEW OF THE RADIAL PENTAGON OF A SPECIMEN OF CUABITOMETRA BASICURVA FROM THE KERMADEC ISLANDS (AFTEB P. H.
CARPENTER).
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to increase in number as they do indefinitol}- in the urchins, shifted about and

fused in such a way as to meet all the necessary mechanical requirements without

increase in number.

Increase in the number of the anns in the crinoids, at least in the pentacrinites

and comalulids, is accomphshcd by a curiously imlirect and wasteful nietliod. The

original arms break off, typically between the first two brachials, and additional

division scries arc formed, the last giving rise to new arms which are the exact equiva^

lents to the arms cast ofT. This curious interpolation of division series between the

base of the original arms and the base of the adult arms is the only remaining vestige

of the method by which the division series were originally formed.

In the crinoids the development of ambulacrals comparable to those in the

echinoids ceased abruptly, while the development of true ambulacrals (brachials)

beyond them was carried to an extreme. In the urchins the "ambulacrals" have

developed to such an extent that they encompass the entire lateral surface of the

animal except for a small area about the mouth, while only the first beginnings of

true ambulacrals are found, in the shape of 10 more or less developed processes

within the body cavity about the peristomic area.

If we imagined an urchin in which the skeleton formation had been suddenly

arrested so that the peristome was expanded as far as the ambitus, and in which

the auricles had become turned outward and extraordinarily developed through

the consumption of the energy which normally would have been used in the de-

velopment of ambulacrals, we should have a creature which, in so far as the skeleton

is concerned, would be a crinoid. We should merely have to move the anus to the

perisomic ventral surface, develop the suranal plate into a column, change the

teeth from their highly specialized form into generalized oral plates lying in the

integument, segregate the ambulacrals and bring the enormously enlarged auricles

into lateral contact, carrying out the ambulacral structures upon their ventral

surface, to make our crinoid perfect.

It is to the development of the column and its mechanical effects on the animal

that attention must chiefly be directed. The development of a column from the

suranal j)lato would first of all cause the coronal ring of plates to contract, so that the

animal would rest with the column supporting the plates of the coronal ring instead

of pushing upon the internal organs. In this contraction of the coronal ring five

of the plates would form one circlet, and five another circlet, the plates of the latter

alternating with those of the former. In the echinoids there is a gradual enlarge-

ment of the coronal ring; at the same time the plates composing it gradually enlarge

so that the ultimate arrangement becomes five large genitals immediately sur-

rounding the pcriproct with five small oculars between their distal cornel's. This is

the result not of any change in the relative position of the plates but of their pro-

portionate growth inward by accretion along their free edges over the periproctal

area. The large genii al plates naturally grow faster than the small ocular plates

and eventually come into contact behind them, excluding them entirely from the

periproct (figs. 71, 73, p. 127), but without in the slightest degree altering the inter-

relationships of the original calcareous ossicles. If a contraction in the coronal

ring of five large and five small plates, such as would become necessary upon the
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Fig. 496.

Fig. 497

Fig. <98.
Fig. 499.

no. 501.

Fig. 600.

Fig. 602.

Figs 49^502 -496, Dorsal ^^EW of the kadul i-hntagon of
^^f^"'J^'^^YFTRl^^vfii^ FRTMN-ort'^AcKsoN, :^- South

^°:9^ DO^AI. VlW of TIIK RAOIA.—«-;;„\™rA : .rFKrT„VSANOM.TKA TFKFL.O.DKS -OM SO..„H^K

wIlES. 49S, DORSAL ^lEW OF THE RADIAL raNTAGON
°J^ COCCOMETRA IIAGENU FROM FLORIDA. 500, DoR^L

jIfAN 499, dorsal view of the radial FENTAGON of a specimen of
^_ ^^ CARFENTER). 5.11, DORSAL MEW

4w OF TH; RADUL FENTAGON of a
^---""f °;„^^!™"",^'cA (AFTFkS.. U. CARFENTER). 502, DORSAL VIEW OF THE

TfThE RADIAL PENTAGON OF A SPECIMEN OF LEPTOMET^^^^^^^^^^^^^
^ ^^^^^^^ ^^ P^.HVROMETRA FRAGILIS FROM

BADUL PENT.VGON (FROM WHICH THE ROSETTE HAS

NORTHERN JAPAN.
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ft^rmation of a column, should occur, conditions woukl be quite different. Assuming

that ail the plates abut by their inner borders upon the periproctal area, it is evident

that the greatest width of the large plates is bej'ond the distal border of the small

plates. Thus a contraction of the circlet would gradually force the small ])lates be-

tween them inward so that the large plates would come into mutual contact beyond

them, forming a closed circlet with the closed circlet of small plates within it.

A circlet of large plates in mutual contact with a similar circlet of small plates

within it is what we find in the crinoids in the circlet of basals enclosing the circlet

of infrabasals.

But if the larger plates, interradially situated, came into contact with each

other beyond the small plates, radially situated, the latter would be entirely cut

off from the series of ambulacrals of which they formed the base. These would

therefore cease further growth and increase in numbers.

Precisely this has happened in the crinoids; the development of the ambula-

crals comparable to those of the echinoid abruptly ceased in the phylogenetically

far distant past.

Therefore the true homologies of the apical systems of the urchins and of the

crinoids seem to be that the large genitals of the former are the equivalent of the

large basals of the latter, and the small oculars of the former are the equivalent of

the small infrabasals of the latter. The oculars are extruded from the original

circlet of 10 altematuig large and small plates by a simple process of growth; the

infrabasals have moved mward from this circlet as a result of a contraction which

became necessary in order to meet the mechanical exigencies arising from the

development of a column.

The individual radials in the comatulids are in close lateral apposition, usually

for nearly or quite their entire lateral length, so that the articular faces of atljacent

radials from the transverse ridge onward are barely separated from each other by a

narrow more or less shallow groove (figs. 431, p. 349, 441, p. 351). This groove

between the articular faces as a rule is broader and tieeper in the Macrophreata
than in the Oligophreata (reaching its maximum in the fanuly Pentamctrocrinidae)

;

in the young of certain macrophreate forms the radials may be entirely, and in the

young of certain oligoplireate forms partially, separated b}- intercalated interradials.

In the smaller species of the Oligoplu'cata the conditions resemble those found in

the Macrophreata; but usually in this group the intcrradial groove is reduced to a

minimum, both of width and depth. There are, however, some curious exceptions;

in the genus Pontiometra (fig. 432, p. 349) the radial faces are widely separated,

while in the Calometridse and in Comatilia not only are the radial faces widely

separated, but the radials extend upward in the angles of the cal_>-x, entirely and
more or less widely separatmg the bases of the first primibrachs, in several species

of the former and in the only known species of the latter terminatmg m broad
spatulate processes, each of these processes being composed of the anterior intcrra-

dial extensions of two adjacent radials.

The dorsolateral edges of each radial are not sharp, but are more or less rounded
off, so that on the dorsal surface of the radial pentagon there are e^^dent five more
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Fig. 503. Fio. 504.

FlO. 505. riG. .W6.

Fio. 508.

Figs. 503-50S.—503, Dorsal view of the badul pentagos of a specimen of Perometra diomedE;E from soutdern Japan.
504, Dorsal \iew of the radial pentagon of a specuien of Erytiirometra ruber from southern Japan. 505, Dorsal
\TEW OF THE RADUL PENTAGON OF A SPEOMEN OF I'ROMACHOCHINUS KERGUELENSIS FROM KERGUELEN LSLAND (AFTER
P. H. Carpenter). 506, Dorsal mew of the radial pentagon of a specimen of Solanometra Antarctica from the
Antarctic (after P. H. Carpenter). 507, Dorsal view of the radul pentagon of a speomen of Ueuometra cla-

ciAus (after P. H. Carpenter). 508, Dorsal view of the radul pentaoon of a specimen of Flobouetba asperriua
FROM Alaska.
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or less prominent furrows, each lying over one of the sutural lines which mark the

limits of the individual radials (figs. 466, 468, p. 359).

P. H. Carpenter noted that on the dorsal surface of the radial pentagon in

Antedon and in Leptometra the sides of these interradial furrows are simple and

straight; but in many of the other genera, uicluding most of tlie Oligoplireata and

many of the Macroplircata, that portion of the dorsal surface of each radial which

is next to its truncated lateral edge is raised into a sort of curved ridge or fold, so

that in the natural condition of mutual apposition of the five radials the dorsal

interradial furrows become somewhat lancet shaped (figs. 454, 457, 458, p. 355).

They correspond with the interradial grooves on the ventral surface of the sub-

jacent centrodorsal (figs. 236, 241, 242, p. 249), and m the cavity formed by the

apposition of the edges of these grooves lie the five rays of the basal star (figs. 416-

427, p. 321). These interradial furrows on the dorsal surface of the radial pentagon,

like the interradial grooves on the ventral surface of the centrodorsal, are entirely

devoid of pigment, so that they commonly stand out sharply as five white leaflets

on a more or less yellow, reddish, dark brownish or purplish background.

Each individual radial has the form of a somewhat irregular truncated pyramid

(figs. 433-446, p. 351). The dorsal surface is usually almost entirely or quite con-

cealed by the centrodorsal (figs. 431, 432, p. 349); it is nearly triangular in outline

(figs. 433-434, p. 351), the apex being inward, deviating from a true triangle in ha\Tng

the outer side somewhat convex and the opposite apex more or less truncated. In

contour it may be nearly flat, but there is usually an approach to the form taken by
the surface of a cone; there is no curvature along the radial axis, but the tangential

planes parallel to the dorsoventral axis of the animal show from the outer edge of

the radial inward a convexity the radius of curvature of which becomes gradually

shorter as one nears the center of tlie animal, or the inner end of the radial. This

curvature is strongest m the interradial angles, decreasing toward the midradial

axis, often so rapidly that nearly the entire dorsal surface is practically flat. If a

part of the dorsal surface project beyond the run of the centrodorsal, this external

portion commonly makes in the midradial axis an obtuse angle with the concealed

portion, and tliis angle occasionally approaches so near to 90° that in an external

view the radials appear to be standmg vertically.

The lateral faces by which the radials are in mutual contact are flat (figs. 437,

438, 442, 444, 446, p. 351, and 549, 551, 552, 554, 557, pi. 5), and approximate in

shape a right-angled triangle with a concave hypothnuse. The inner edge, forming

the boundary between the lateral and inner faces, is typically perpendicular to the

plane of the radial pentagon, but it is often more or less obBcure(l by the develop-

ment of the central \i\\\g, to be later described; the lower edge, between the lateral

and the dorsal surfaces, is usually cut away to accommodate the basal rays; the

outer edge is concave as a result of the sculpture incident to the development of the

articular facet.

The inner ends of the radials are oblong in general outline, and of verj- vari-

able height (figs. 437, 438, 442, 444, 446, p. 351, and 549, 551, 557, pi. 5) ; the upper
edge is usually concave or more or less deepl}' incised or notched; the general sur-

face is usually much obscured by the deposit of intercaUcular calcareous rods and
lamina which, when abundant, form the so-called central plug (fig. 11, p. 65).



MONOGRAPH OF THE EXISTING CEINOIDS. 373

The ventral or inner faces slope inward, forming collectively a funnel-shaped

space occupying the center of the radial pentagon (fig. 442, p. 351). These faces

are usually more or less divided up by delicate calcareous processes which extend

Fm. 509.

FI0.5U.

FiO. 512

Fio. 513.

Figs. 509-513.-509, Dorsal -view of the badul pentagon or a specimen op Hatiikometra df.ntata from southern

Massachusetts. 510, DoBS-iL view of the radial pentagon of a specimen of Thavmatometra tenuis from the

Sea of Japan; the rosette has been broken away. 511, Dorsal raw of the radial pentagon of a spehmen of

Heliometra glaciaus after the bemoval of the rosette (after p. II. C-iRPENTER). 512, Dorsal mew of

THE RADLVL PENTAGON OF A SPECIMEN OF PENTAMETROCRLNUS SEMPERI (AFTER P. U. CARPENTER). 513, DoRSAL \1EW OF

the radial PENTAGON OF A SPECIMEN OF PENTAMETROCRINUS JAP0NICU3 FROM SOUTHERN JAPAN.

to meet the ventral face of the rosette, and collectively form a complicated net-

work, fining up the central funnel and often partially bridging over the ventral

radial furrow so as to convert it into an incomplete canal. In many forms these
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calcareous processes are so developed as to form a spongy calcareous mass entirely

fillinn; the funnel-shaped cavity of the radial pentajjon, resulting in the formation

of a comparatively dense central plug (fig. 11, p. 65).

Unless the central plug is so fully developed as entirely to obscure the internal

and ventral faces of the radials, the funnel-shaped interior of the radial pentagon

is seen to be marked with live furrows, interradial in jjosition, which lie in the

interradial sutures (fig. 441, p. 351); between them, in the midradial line, there

are usually five broader and shallower furrows, which run to the intermuscular notch

(figs. 435 and 445a, p. 351), and often through it, traversing the joint face nearly to

the central canal. They are extended outward in a similar position over the skele-

ton of the rays and arms. These are known as intermuscular midradial furrows. In

some species they are represented by low broad ridges, or merely by a gi-eatcr density

of the calcareous structure; often they are not present at all, the midradial portion

of the radials not being different from the lateral portions. The midradial furrows,

when developed, serve to lodge the proximal portion of the coeliac canals. They
are well shown in Tropiometra picta, Cyllometra manca and in Nemaster lineata.

At the inner margin of the ventral face the midradial furrow turns downward
and passes (when developed) directly into a nearh' vertical furrow, occupj'ing the

median axial line of the jiroximal or internal face, and becomes more or less com-
jiletely converted into a canal by the union of irregular processes (forming part

of tlie outer portion of the central plug), which extend themselves from the side

to meet the spoutlike processes of the rosette. As it descends toward the dorsal

face and passes between the inner raised edges of the two apertures of the central

canal (lodging the secondary basal cords of the dorsal nervous sj^stem), this axial

radial furrow becomes a complete canal, for its edges are closely applied to the

inflected margins of one of the five radial spoutlike processes of the rosette.

These axial canals are therefore the proximal ends of the five coeliac canals

of the arms and their extensions into the pinnules, and they thus inclose portions

of the body cavity which Carpenter called the radial coelom. As a general rule

they become closed up by calcareous tissue and do not reach the dorsal surface

of the radial pentagon, which presents no real openings except the central one

occupied by the rosette; but they sometimes open on the dorsal surface of the

radial ]>entagon, as in Antedon, Stenometra and CyTlometra, by five large holes

that correspond with five more or less distinctly marked circular depressions placed

interradially on the ventral surface of the centrodorsal around the margin of its

central cavity, and the canals end blindly in these depressions. In Antedon these

depressions are usually shallow pits of considerable size, but they are variable in

their development, and are sometimes, though rarely, absent altogether. This

condition, in which there are no radial depressions on the ventral surface of the

centrodorsal, is the normal one in Leptometra. Here, as described by Carpenter,

the margin of the central opening is usually almost circular (fig. 287, p. 262), though
sometimes bluntly stellate as in Antedon (figs. 2S0, 281 , 283, p. 261) ; at the same tune

the five openings on the dorsal surface of the radial pentagon are but little devel-

oped or even entirely absent. The absence or slight development of these open-

ings in Leptometra is considered by Carpenter to be i)rincij)iUIy due to the fact
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that the inner margin of the dorsal surface of Ihe radials is not notched, but straight,
the radial axial furrow not being continued so far toward the dorsal surface as in
Antedon; and also that process grows inward from the two sides of the dorsal
end of each of the five spoutlike ra3's of the rosette, so that the lumen of the canal
it encloses becomes much diminished; while in some cases similar processes are
put forward from the margin of the radial, which unite with the others so com-
pletely as entirely to obliterate the lumen of the radial axial canal, and thus form
its dorsal boundary.

Pits similar to those of Antedon are seen in the species of CyUometra; but
among recent comatulids the most striking development in this respect is seen
in such species as Heterometra quinduplicava, H. reynaudii, Himerometra mar-
tensi, Craspedometra acutidrra, and in many other of the multibrachiate oligo-

phreate forms, as well as in certain large species of Florometra, where the radial

axial canals which pass over from the ventral to the inner faces of the radials turn

outward again at the bottom of the calyx, and expand into relatively large bilobate

or rounded triangular cavities which are formed by excavation in the apposed
surfaces of the radials and the centrodorsal respectively (figs. 252-255, p. 253,

256-261, p. 255, and 297, p. 263).

In Asterometra these appear as actual perforations on the ventral surface of

the centrodorsal, wliich reach downward to the bottom of its central cavity as in

several fossU species, being only separated from the central cavity by a narrow
septum (fig. 268, p. 259). In other species, such as Psathyromeira fragilis, the same
condition obtains, but the septum is absent, so that the central cavity, which is

naturally decagonal or pentagonal in shape, becomes more or less markedly stellate.

Where these canals are enclosed b}^ the spoutlike processes of the rosette they

are completely shut ofl", both from one another and from the doreal extension of

the ccelom, which occupies the central funnel-shaped space -svithin the radial pentagon,

and passes down into the cavitj^ of the centrodorsal through the central o])ening

of the rosette. On the ventral side of the rosette, however, these radial axial

canals are only partially complete, and are in free communication A\-ith the numer-

ous plexiform spaces into which the funnel-shaped space is broken up b}' the above-

mentined calcareous network. The central portion of this sj'stem is verj' irregular;

but peripherally the plexus becomes more regular, and five axial interradial canals,

lying in the axial interradial furrows formed by the truncation of the ventrolateral

angles of each basal, which, like the axial radial furrows, are partially bridged over

by the inosculating calcareous processes which extend themselves toward the

ventral aspect of the rosette, are traceable between the five radial ones with which,

as with the center of the plexus, they are in free communication. These inter-

radial canals are continuous with the interradial furrows which are visible on the

ventral aspect of the radial pentagon, and they inclose diverticula of the circum-

visceral ccelom to which the name interradial coelom has been given. They do

not descend so far toward the dorsal surface as the axial radial canals, and are

not, like the latter, enclosed (normally at an}' rate) by spoutlike processes of the

rosette, for their course toward the dorsal surface is terminated by the five short
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triangular i)rocessos of the rosette which are directed toward the sutures between

the five radials.

The external faces of the radials bear complicated articular facets (figs. 9, 10,

p. 65, 431, 432, p. 349, and 439, 440, p. 351) to which arc joined the proximal ends

of the fii-st primibrachs, the first ossicles of the postradial series. These articular

facets may uiclmo at an angle of 45° to the dorsoventral axis of the animal, and

to the ventral s-urface of the centrodoreal, and thus be trapezoidal in shape, or

even nearly triangular, or they may bo parallel to the former, making an angle

of 90° with the latter, and thus be practically oblong. In most cases an inter-

mediate condition is found, and the general statement may be made that the

Macrophreata tend to approach the former extreme, the Oligophreata, especially

the more higlily specialized species, the latter.

The articular facets are divided into one unpaired and four paired fossic (figs.

9, 10, p. 65), in a single genus Pontiometra (fig. 432, p. 349), a third additional pair

of fossffi being added, making a total of sLx. The doi-sal portion is occu])ied by the

large dorsal ligament fossa lodging the dorsal ligament, the function of which is to

antagonize the muscles; this extends as far as the transverse ridge, which stretches

transversely across the joint face and serves as the fulcrum upon which the motion

at the articulation is accommodated; just beyond the transverse ridge, one on

either side of the central canal lodging the dorsal nerve cords, lie the more or less

triangular interarticular ligament fossag, and beyond these, separated interiorly

either by a septum or a groove which reaches almost or quite to the central canal,

the muscular fossje, typically large and distally rounded, though often more or

less reduced and sometunes narrowly crescentic or Ihiear; they appear to be entirely

absent m the genus Pontiometra.

The articular facet of the radials represents what is known as the straight

muscular articulation, the type of articulation from which all the brachial unions

are derived, as will be later explained.

The distal bordera of the muscular fossse form the run of the funnel-shaped

central cavity of the radial pentagon, wluch extends downward to the rosette.

In the Macrophreata this cavity is usually comparatively small, but free from

calcareous deposit, while in the Oligophreata it is commonly much more extensive,

though more or less, often entirely, filled up by a loose deposit of calcareous matter

forming the central plug previously described upon which the visceral. mass rests.

P. H. Carpenter noticed important differences m the composition of the radial

articular facets in such species as he was able to dissect, but he did not consider

them as offering available criteria for systematic work. From a somewhat more
extended study I have been led to the conclusion that the charactci-s presented

by the articular facets, and re])eatod witji progressively diminishing individuality

at all the muscular articulations throughout the postradial series, are of the highest

possible value in the delimitation of genera and higher groups, though scarcely

plastic enough, as a rule, to servo for the differentiation of species.

I was led to pay particular attention to the systematic significance of the
radial articular facets from the fact that in the fossil comatulids the radial pentagon
together with the centrodoi-sal is commonly the only portion of the animal pre-
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served, and it therefore becomes essential, if we would arrive at a true knowledge
of the systematic position and interrelationslui)3 of these fossil species, to devote
particular attention to the same sti-uctures in the recent forms.

The surface of each radial typically shows five small rounded openings leading

into the interior; one of these, referred to previously as the central canal (figs. 9-11,

p. 65, 431, 432, p. 349, and 439, 440, p. 351), is on the articular face just above the

middle of the transverse ridge; there is one on either side near the dorsal inner

angle (fig. 600, pi. 17), and there is a pair (sometimes united into a single one)

at or near the inner margin of the dorsal surface (figs. 443, p. 351, and 600, pi. 17).

These openings serve for the passage of the chief cords of the dorsal nervous
system.

In the comatulids these cords lie usually just within the inner surface of the

radials, or they may even be on the surface so that they are not covered, except

in part, by calcareous deposit. In the Pentacrinitidse, however, they lie well

within the calcareous substance of the plate so that their course within the segment,

wliich is the same in the pentacrinites as in the comatulids, may be much more
readily made out.

Each radial receives a branch from the two adjacent interradial nerve cords

which arise from the central capsule (figs. 63, 64, p. 89) ; these two branches enter

through the two apertures at or near the inner margin of the dorsal surface (fig.

600, pi. 17); within the radial they gradually converge, meeting and fusing just

\vithin the opening of the central canal on the articular face. From this point of

union of the two derivatives of the prunary interradial nerve cords a branch is

given off laterally to either side which passes through the apertures near the dorsal

inner angle and continues through the adjacent radial to the correspondmg posi-

tion within it. These connectives thus form a circular commissure all around the

calyx, as will be further explained when the nervous system is considered.

In many species, particularly among the Comasteridas, Charitometridae, Tha-

lassometridse and Zenometrinae, deep subradial clefts are found extending inward

between the dorsal surface of the radials and the ventral surface of the ccntro-

dorsal (figs. 166-169, p. 229, 194, p. 237, 203, p. 239, and 208-216, p. 241). These

clefts are narrow and slitUke externally, but are more spacious interiorly. They

are bounded laterally by the basal rays and the ridges in which tlicso rays lie,

and inwardly by a wall formed by the close apposition of the small jioavily calci-

fied bars which form the tliickened edges of the inner part of the doreal faces of

the radials and the iimer part of the ventral surface of the centrodoreal. There

is thus no connection whatever between the subradial clefts and the body cavity

of the animal, nor are the five clefts at all connected vnth each other. They are

in all respects, as stated by P. H. Carpenter, similar to the so-called interarticular

pores seen in the stems of the pentacrinites (fig. 127, p. 197, in upper part of stem).

The amount of concealment of the radials by the centrodorsal is, of course,

in direct proportion to the comparative size of that structure. In most s]>ecies

the radials extend to the ventral rim of the centrodorsal, or slightly beyond it.

When the centrodorsal is reduced in size more of the surface of the radials is shown,

70146°— Bull. 82—15 25
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as in the species of CoinasteridiE in which cirri are absent (figs. 151-159, p. 221;

162, p. 223, 164, p. 227, and 165-170, p. 229); but when thecentrodorsal is large, as

in the species of Grinometra, and in certain species of Catoptometra, Pachylometra,

Eeliomftra,Solanometra, Comatula, ComatuMla, ConioifZto, and a fewother genera (figs.

77, p. 130, 80, p. 133, 81 , p. 134, 99, p. 160, 100, p. 162, and 101 , 102, p. 163), the radials

may be so far withdrawn that part or even all of the first priinibrachs are concealed.

Quite independently of the increase in size of the centrodorsal, the radials may be

more or less reduced, as is seen in various comasterids; this of course assists con-

siderably in their concealment. There appears to be not the shghtest correlation

between these two processes. The outline of the centrodorsal, when large and show-

ing no trace of radial resorption is approximately cii'cular, whereas the periphery

of the radial circlet is pentagonal; moreover the outer surface of the individual

radials where not in mutual apposition or attached to the centrodorsal is convex;

hence, though the radials may be entirely concealed m the median line, thej' are

almost invariably to be seen in the inteiradial angles as a more or less prominent

triangle gabeling over the ends of the basal rays (fig. 95, p. 157). These interradial

triangles commonly appear as structures having an entity of their own, and have

frequently been mistaken for basals, but a close examination will reveal a very

close sutural line dropping perpendicularly from the apex toward the base, and in

the middle of the base the tubercular elevations marking the external ends of the

basal rays.

P. H. Carpenter considered the radials of the pentacrinites comparable to

those of the stalked larva of Antedon, because they appear above the basals on the

exterior of the calyx as relatively large convex plates. This similarity is, however,

purely superficial; it is true that the external appearance of the radials in the two

bears a close resemblance but, while those of the pentacruiites are nearly horizontal,

the greater part of their external thickness extendmg horizontally inward over the

ventral surface of the basals to the center of the caljrx, those of the stalked young

of Antedon are more slanting, not yet having begun to undergo the change to the

nearly horizontal attitude of those of the adult. The radials of the pentacrinites

can only be compared with the radials of the adults of such macrophreate species

as show a comparatively large portion of their radials on the exterior of the calyx,

as do the species of Atelecrinus (figs. 123, p. 192, 124, 125, p. 193, 414, p. 319, and

573, 1)1. S) or Bathymetra; the radials of the verj' young comatulids are comparable

to the radials of such genera as Proisocrinus (fig. 128, p. 199), but by no means
comparable to the radials of the true pentacrinites.

The radials of the comatulids are in a phylogenetically more advanced conchtion

than those of the pentacrinites; that is, they have become more recumbent and the

outer (now dorsal) side has become shorter so that they have withdrawn more or

less (often entirely) within the area covered by the centrodorsal. The radials of

Atelecrinus, like the basals of the same genus, have imdergone the least change,

and are essentially like the corresponding structures m the pentacrinites, in par-

ticular in the genus Enxioxocrinus. In the genus Bathymetra of the Antcdonidie

also the radials are essentially as in the pentacrinites, though here the basals have

disappeared entirely from external view.
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In the majority of tho comattilids tlio radials are just visiblo beyond the edge
Of the centrodorsal, or termmate just at tho edge (figs. 96-98, p. 159, and 228 p ''45)
The portion concealed by the centrodorsal is horizontal, but the portion extending
beyond it, while often horizontal, is usually more or less turned upward toward the
dorsoventral axis, and may even be parallel to that axis (figs. 94, p. 1.55, 110, p. 176,
and 112, p. 179). This slanting of the exposed portion of the radi'als indi<ates
that tho transformation from a primitive vertical to a secondary horizontal position
has not quite been completed, but that the radial has recihied to an angle equal
to that proportion of the angle included by hnes drawn from the center of the
dorsal surface of the radial pentagon, one to the middle of tho distal outer edge of
the radial and the other to the midtlle of the proximal outer edge, which is equal
to the proportionate length of the free outer edge (measured perpeniUcularly) as
compared with the dorsal length beneath the centrodorsal. It is thus evident
that in no case does the comatulid radial depart greatly from a horizontal position.

There is but slight correlation between the comparative condition of tho radials
and the various systematic groups, though in general the most primitive families,

such as the Pentametrocrinidc^ (figs. 11.3, 114, p. 181, 119, p. 185, 120, p. 187, and
121, p. 189) and the Atelecriiiidas (figs. 123, p. 192, 124, 125, p. 193, 227, 228, p. 245,
414, p. 319, and 573, 574, pi. 8), show the least approach toward a horizontal position,

this tendency increasing ^vith speciahzation until in certain of the Comasteridte (figs.

164, p. 227, 165-170, p. 229, and 181, 182, p. 233) we find the condition perfected.

It is curious that the angles of the articular faces of tho radials do not show a
definite correspondence to the recumbency of the radials as a whole. Wliile as

a general rule there is a close relationship between the angles at which the articular

face is inclined to the dorsoventral axis and the angle at which the radial as a whole
is inchned to the horizontal, j^et the former is far more constant in any given genus
or family, and is therefore a far more reliable systematic character. While the

latter is greatly affected by ontogenetical changes, the former is fairly constant

throughout life, and thus it comes about that in certain forms, as in very large

specimens of certain species of Pentam^trocrinus, tho radials may be quite concealed

exteriorly by the centrodorsal and perfectly horizontal, while the articular faces

are still inchned toward each other at an angle of 90° (or toward the dorsoventral

axis at an angle of 45°) as in the young.

Tlie Macroplireata, in all of which the angle made by the radial articular faces

to the dorsoventral axis is relatively large, tend to maintain a moderate angle of

basal inclination, though in tho more specialized subfamilies of tho Antedoixidse,

particularly those including phylogenetically overgrown species mclinmg (when

proportionately very large) toward the development of oligophreato characters,

the angle of basal inclination frequently becomes 180°; in the Oligophroata the

angle between the direction of the articular faces and the dorsoventral axis is much
less than in tho Macrophreata, and in the most highly specialized forms these faces

may even be parallel to the dorsoventral axis, as for instance in many of the Coma-

steridse, and here we find that the radials are always very nearly, often quite

recumbent, even if, as in many of the comasterids, they are not at all concealed by

the centrodorsal.
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Among those comastorids in whirh the centnxlorsal is reduced to a pentagonal

or stellate plate countei-sunk to the level of the radials a curiously specialized con-

dition obtains. 'Hie chambered organ and accessor}' structures primitively occupy

a position within the circlet of infrabasals, as it does in Isocrinus and in Metacrinus;

with the degeneration of those plates, as exemplified by Endoxocrinus in the pen-

tacrinitos, the chambered organ becomes more ventral in its location, and occupies

a position m the center of the basal circlet, corresponding to the position it formerly

occupied in the circlet of infrabasals; in most comatulids it is contained within

tine central cavity of the centrodorsal, and is bounded ventrally by the rosette,

wliich lies at the level of the dorsal surface of the radial pentagon (fig. 66, p. 93);

but in the comasterid species with stellate centrodorsals, it has again moved

ventrally, has l)eon entirely extruded from the centrodorsal, and has taken a posi-

tion within the radial circlet, exactly con-esponding to the position it formerly

held within the basal circlet, and before that within the infrabasal circlet (fig. 68,

p. 93).

In two genera of comatulids, PromacJiocrinus and Thaumatocrinus, both known

only from the recent seas, each of the five radials has morphologically undergone

longitudmal twiiuiing or division which has resulted in the formation of two radials

(making 10 in all) each of which, so far as can be seen, is exactly like all the others.

These two genera both belong to the Macrophreata, but to entirely different

families, Thaumatocrinus falling in the Pentametrociinidie near Pentametrocrinus,

and Promachocrinus falhng in the Antedonidse and in the subfamily HeUometrinse,

being very closely related to Solanometra, Anthometra and Florometra and, rather

less closely, -to Heliometra.

Although Promachocrinus possesses 10 radials all exactly ahke, it possesses

the usual type of rosette and only five basal rays, each of which is situated directly

under the center of a radial. There are thus five radial and five interradial radials.

Although structurally and morphologically each interradial radial is the exact

counterpart and twin of a radial radial, its origin is altogether different. In the

early larva only radial radials occur, the interradial radials appearing at a con-

siderably later period as narrowly hnear interradial plates which rapidly increase

in size, give rise to a process on their distal edge, and finally become quite indis-

tinguishable from the original five radials, bearing post-radial series which also

are quite indistinguishable from those borne on the five original radials.

In the genus Thaumatocrinus a young specimen of one sjiecies, T. renovatus,

has been studied, and the relationships of the radials of each of the five pairs arc

seen to be exactly as in Promachocrinus; in this specimen all five interradials have

reached a size not greatly inferior to that of the five original radials, though they

an; still much l(!ss convex dorsally, and one of them, the posterior, has given rise to

the rudiment of one of the five supernumerary arms.

There are no basal rays in the species of Thaumatocrinus, but pseiulo-basal

rays are present. These are five m number, and are situated between alternate

radials so that the radials are grouped in five pairs, each pair lying in a depression

between two pseudobasal rays. Viewed tlorsallj' each of these pairs of radials

consists of the original radial to the left and the secondary (mterradial) radial to
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the right, just as in Promachocrinus tho pairs consist of the radial radial to the loft

and the interradial radial to the right.

The growth changes by which the radials reach then- adult form arc thus
described by W. B. Carpenter: "At the commencement of the unattached stage
the form of tho radials is that of a trapezium having its uj)per and lower sideS

nearly straight and parallel while its lateral marguis inchne toward each other from
above downward. Externallj^ they stiU present their original cribriform structure,

this being particularly obvious near the upper angles where the lirst-formed per-

forated plate has not been thickened by internal addition. But while the external

surface is convex, being arched from side to side, the internal is nearly ])lane, the

concavity of the cribriform plate being filled up by an ingrowth of its calcareous

reticulation, which stiU retains for the most part its original type. This ingrowth, how-
ever, takes place in such a manner as to leave two deep chaimels which comm(>nce
from the lower angles of the plate and converge so as to meet m its center, forming

one large canal, which becomes completely covered in and passes to the upper mar-
gin of the plate, where it opens between the articular surfaces. These converging

channels, when the plates are in situ, are continuous with the diverguig canals of

the two basals, whereon each radial abuts in such a manner that the primitive canal

that enters each basal communicates by its bifurcation with the converging canals

of two different radials, while the single canal of each radial is fed by the jjrimitive

canal of two different basals. At each of the lower angles of the rad'al the wide

embouchure of the converging canal is in proximity with that of its adjacent radial,

and a continuity is thus established between the several parts of this canal system

not only radially but peripherally. At a somewhat later period the channels are

completely covered in so as to be converted mto canals, and each embouchure

is divided by a small calcareous islet into two passages, one of them openuig opposite

the canal of the basal, the other opposite the corresponding canal of the adjacent

radial. The upper margin of the radial now shows on either side of its center an

elevated articular surface, the calcareous reticulation ol which is much closer than

that of the rest of the plate, and each of these gives attachment along its dorsal

border to a distinctly fibrous ligament connecting it with the corrcsjionding articular

surface of the first primibrachs, while from the ridges which form its ventral border

there are now seen to pass toward the opposite face of the first ])rimibrachs a set of

larger and more defined parallel fibers which, from their similarity to those occu-

pying a Mke position in the adult, we know to be muscular. In the i)assage of these

plates from their rudimental to their mature condition the ])rincipal alteration that

we notice, besides an immense increase in size, consists in a change iii the i)ropor-

tions of their principal dimensions, their thickness and sohdity increasmg much

more rapidly than their superficial extension. This increase takes place ui such a

manner that the lateral portions of the plate are brought to the same tliickness with

the median, the dorsal and ventral surfaces becoming nearly parallel, and the lateral

faces come to be flattened against each other and to adhere so closely that by the

apposition of the five plates a sohtl amiulus is formed. The diameter of the central

space of this annulus, which is occupied by the rosette, does not increase during

growth in nearly the same degree as that of the periphery, the size of each jilate
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ai)parently bein<^ more augmented by addition to its external face than to its

lateral faces, so that the ratio of its breadth at its iimer and its outer margins instead

of being, as at the conclusion of pentacrinoid life, about as two to three, comes to be

only as one to three, the shape of its dorsal face being thus changed from a trapezoid

to a triangle with its apex truncated. Concurrently with these changes we find

that the various ridges and fossse on the external and ventral faces of the jilato for

the attachment of the muscles and ligaments by which it is articulated to the first

primibrach are gradually developed mto the form they present in the adult, and

that the characteristic ridges and furrows of its internal face, with the prolongations

that connect it with the ventral face of the rosette, make their appearance. All

these features are marked out when the size of the plate is still minute as compared

with that wliich it ultimately attains."



EXPLANATION OF PLATES.

Plate 1.

Fig. 514.—A young specimen of Uolopus rangii from Cuba attached by a spreading base after the man-
ner of a sessile barnacle. (Adapted from P. H. Carpenter.)

515.—The topmost columnal in a specimen of Metacnmis rotundus from southwestern Japan.
516.—A series of columnals from the center of the column of a species of Platycrinus, illu.strating the

short spirally an-anged t>pe of columnal derived through the bourgueticrinoid type, viewed
from the broader side (a), from the narrower side (6), and from the end (c). (Drawing by
the author.)

517.—A fully grown specimen of Holopm rangii from Barbados attached by a thick unjointed column
after the manner of a stalked barnacle. (Adapted from P. H. Carpenter.)

518.—A portion of the dried column of a young pentacrinoid larva of Antedon bifida from England,

showing the long bourgueticrinoid columnals, and the annulus about the center of each.

(After W. B. Carpenter.)

519.—The twenty-third and twenty-fourth columnals in the stem of a pentacrinoid lar\'a of Hathro-

metra proliia from East Greenland in which the first brachials have formed, and in which
the radianal is still present. (After Mortensen.)

520.—Columnals from the center of the column of a pentacrinoid larva of Hathromelra sarsii. (Aftet

Mortensen.)

521.—Columnals from the center of the column of a pentacrinoid lar\'a of Antedon petastis. (.\fter

Mortensen.)

522.—Long bourgueticrinoid columnals from about the center of the stem of a fully grown penta-

crinoid larv'a of Hathromelra sardi from Norway, in lateral (a) and in end (6) view, (.\fter

M. Sars.)

523.—The upper portion of a columnal from a pentacrinoid larva of Hathrometra prolixa from east

Greenland, in end (a) and in lateral (b) view. (After Mortensen.)

524.—Half of a columnal from a pentacrinoid larva of Hathrometra sarsii from Norway, showing the

expanded end and the interlocking teeth along tlie fulcral ridge. (After M. Sara.

)

525.—The articular face of a columnal of Proisocrimis ruberrimus from about the middle of the

column, showing the radial crenellse.

526.—Columnals from the middle of the stem of the pentacrinoid larva of Heliometra glacialis. (After

Mortensen.)

Plate 2.

Fig. 527.—The column of a specimen of Balhycrinus maximus from the Indian Ocean, showing the pro-

gressive variation in the type of the columnals from near the proximal to near the distal

end; (a) the distal and (b) the proximal portion.

528.—Lateral view of a young specimen of Comatilia iridometri/ormis, sliowing the interradials.

(Drawing by the author.)

529.—Ventral view of a young specimen of Comatilia iridometriformii, showing the interradials.

(Drawing by the author.)

530.—The inner ends of the orals of a very young pentacrinoid larva of Hathrometra sarsii from

Norway. (After M. Sars.)

531._Diagrara illustrating tl\e progressive resorption of the dorsal pole of the centnKlorsal, and its

effect upon the arrangement of the cirri. (Drawing by the author.)

383
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Plate 3.

Fig. 532.—a small pentanrinoid lan-a of TTathromdra prnUxa from East Greenland, showing the central

auiuilus in the columuals and, in the crown, basals and orals. (After Mortensen.)

533 A pentacrinoid larva of Antedon mediterranea from Naples, showing the interrelationships of

the various parts. (Adapted from Chadwick.)

534._The distal portion of the column and the root of a very young pentacrinoid larva of Ilalhro-

mctra s'lrsii from Norway, showing the attachment by a digitating terminal stem plate to a

cohimnal of Rhizoerinus lofolcnm. (After M. Sars.)

535.—The distal portion of the column of a pentacrinoid larva of Hathrometra prolixa from east

Greenland, showing a digitating tonninal stem plate. (After Mortensen.)

536.—The attachment of a fully grown pentacrinoid larv.iv of Hathrometra sarsii from Norway by a

typical digitating terminal stem plate and a short radicular cirrns. (After M. Sara.)

537.—The root of a young pentacrinoid larva of Hathrometra sarm from Norway, showing the digitat-

ing terminal stem plate. (After M. Sars.)

538.—The distal columnals and attachment of a young pentacrinoid larva of Hathrometra prolixa

from East Greenland in which the radials are j ust beginning to form, showing the commence-

ment of the digitating form of terminal stem plate. (After Mortensen.)

539.—The distal portion of the column of a young pentacrinoid larv'a of Hathrometra sarsii from

Norway, sho\ving the attacliment, by a digitating terminal stem plate, to a Rhabdammina

abyssicola and, at the third columnal beyond, a second attachment by radicular cirri.

(After M. Sars.)

540.—A young pentacrinoid larva of Hathrometra sarsii from Nonvay, sliowing attaclmient by a

digitating terminal stem plate, beyond wliich are two attacliments by radicular cirri, and

still further out unattached incipient radicular cirri. (After M. Sars.)

541.—Incipient radicular cirri on the columnals of a young pentacrinoid larva of Hathrometra sarsii

from Norway; the columnals shown are the twenty-third and twenty-fourth above the

terminal stem plate. (After M. Sars.)

Plate 4.

Fig. 542.—Oral view of a very young pentacrinoid larva of Hathrometra prolixa from East Greenland,

showing the orals. (After Mortensen.)

543.—Young pentacrinoid lar\-a of Antedon bifida showing the terminal stem plate, the columnals

in process of formation, the basals, the orals, and, in the angles between the basals and the

orals, the begiiinings of the radials. (After Wyville Thomson.)

544.—The crown and proximal columnals of a very young pentacrinoid larva of Hathrometra prolixa

from East Greenland, showing the basals and orals. (After Mortensen.)

545.—A pentacrinoid larva of Heliometra glacialis at the time of the first formation of the cirri

.

(After P. H. Carpenter.)

546.—A young columnal consisting of a central annidus only in a pentacrinoid larva of Antedon

mediterranea from Naples. (Adapted from liurj-.)

547.—Oral \-iew of an early pentacrinoid lar\'a of Compsometra lovai i from Port Jackson, New South

Wales, sho%ving the orals and, beyond them, the b;isals.

548.—Oral view of a young pentacrinoid larva of Comxictinia meridionalis from Yucatan, just after

the appearance of the radials.

Plate 5.

Fig. 549.—A radial radial from a specimen of Promachocrinus kerguelensis from Kerguelen Island viewed

from the interior of the calyx (a) and laterally (6). (After P. H. Carpenter.)

550.—Dorsal \ie\v of a radial radial of a specimen of Promachocrinus kerguelensis from Kerguelen

Island. (After P. U. Carpenter.)

561.—An interradial radial from a specimen of Promachocrinus kerguelensis from Kerguelen Island

viewed from the interior of the calyx (a) and (6) laterally. (After P. H. Carpenter.

)
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Fig. 552.—Lateral view of a radial from a specimen of Thaumatocrinus renovalits. (After P. II.

Carpenter.)

553.—The proximal columnals, calyx and arm bases of a peutacrinoid larva of AnUdon bifida at the
time of the development of the cirri. (jVftcr W. B. Carpenter.)

554.—Inner end of a radial from a specimen of Antedon bifida. (After P. BE. Carpenter.)
555.—Dorsal \'iew of a radial from a specimen of Antedon bifida. (After P. II. Carpenter.)
556.—Ventral view of a radial from a specimen of Antedon bifida. (After P. II. Carpenter.)
557.—Two united radials from a specimen of Heliometra glacialis, together with that portion of the

rosette which is connected to them, \-iewed from the interior of the radial pentagon. (After
P. H. Carpenter.)

558.—The centrodorsal, arm bases, disk, and proximal pinnules of a specimen of Zennmclra
columnaris from the West Indies, showing the relative proportions of the various parts.

(After P. H. Carpenter.)

Plate 6.

Fig. 559.—The crown and proximal columnals of a very young pentacrinoid larva of Hathrometra prolixa

from east Greenland, showing the basals, the orals, the beginnings of the radials (seen as

small rhombic plates), and the tentacles. (After Mortensen.)

560.—Part of the calyx of a young pentacrinoid larva of Bathrometra prolixa from east Greenland,

showing portions of two basals and of two orals and, in the center, the right posterior radial

(the larger plate to the right) and the radianal (tlie smaller plate to the left); beyond the

radial is seen the first commencement of a first primibrach. (After Mortensen.)

561.—The crown and proximal columnals of a pentacrinoid larva of Hathrometra proli-ta from east

Greenland, showing the basals, radials (followed by primibrachs), radianal, and orals, and
bringing out well the characteristic shape of the last named. (After Mortensen.)

562.—Oral view of a pentacrinoid larva of ITathrometra prolixa from east Greenland in which the

first brachials have formed, showing the orals, radianal, and radials; the primibrachs have

been removed. (After Mortensen.)

563.—The crown and proximal columnals of a young pentacrinoid larva of Hathrometra prolixa,

showing the basals, radials (followed by the primibrachs and first brachials), orals, and

radianal. (After Mortensen.)

564.—Lateral view of the crown and proximal columnals of a young pentacrinoid larva of Hathro-

metra prolixa from east Greenland, showing the relationships of the basals, radials, orals,

primibrachs, and succeeding brachials. (After Mortensen.)

Plate 7.

Fig. 565.—The calyx of a specimen of Marsupites americanus from Mississippi in (a) lateral and in (ft)

dorsal view, showing the basals (B), the central plate or centrale (C), the very large infra-

basals (/), and the radials (R). (After Springer.)

566.—The infrabasals (underbasals), basals, and radials of a specimen of Metaainus nobilia hom
southwestern Japan from which the column and the arms have been removed. (Drawing

by the author.)

567.—The isolated circlet of infrabasals of a specimen of Metacrinm nobilis from southwestern Japan,

viewed ventrally (a), laterally (6), and dorsally (c). (Drawing by the author.)

568.—Section through the cah-x and arm bases of a spec imcn of .Mctacrinus nobilis from southwestern

Japan, showing the circlet of infrabasals in place and their relationship with the other

elements of the calyx. (Dra\ving by the author.)

569.—Xhe centrodorsal of a verj' young specimen of Antedon mediterranea from Naples, surrounded

by the three infrabasals; a single basal is also shown, near the bottom of tJie figure. (After

Bury.)

, 570.—Dorsal view of the centrodorsal and infrabasals in a young pentacrinoid larva of Antedon medi-

terranea from Naples. (After Bury.)
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Fio. 571.—Lateral view of tlie oentrodorsal and infrabasals in a young pentacrinoid larva of Anledon

mcdilerranea from Naples. (After Bury.)

572.—The radial circlet and inclosed structures of specimens of Ulntacrinus socialis from Kansas;

(a) a specimen with basals and infrabasals within the radial circlet; (6) a 8])ecimen rath

basals only within the radial circlet; the small subpentagonal central plate in each figure

is the centrale, representing the central or suranal plate of the echinoida and the entire

column in the stalked crinoids. (After Springer.)

PL.A.TE 8.

Fio. 57.3.—Lateral view of an immature specimen of Atelecrinus halanoides from Cuba, showing the

proportionately large size of the basals in the young. (After P. H. Carpenter.)

574.—The centrodorsal and radials of a specimen of Atclecrinus halanoides. (After P. H. Carpenter.)

575.—Dorsal view of the basals and radials of a specimen of AtelecrirMS halanoides from the West

Indies. (After P. H. Carpenter.)

Plate 9.

Fig. 576.—Lateralviewof the skeleton of a pentacrinoid larva of ^n/€c?on6i/5rfa from England, at the time

when the arms are just beginning to appear, before the development of the cirri, showing

the relationships of the basals. radials. orals, and radianal. (After W. B. Carpenter.)

Plate 10.

Fig. 577.—Dorsal view of the radial pentagon of a specimen of jln««rfon bifida from England, showing the

rosette in position. (After W. B. Carpenter.)

578.—The rosette of a specimen of Anledon bifida in position, with portions of the radials; this is the

magnified central part of the preceding figure. (After W. B. Carpenter.)

Plate 11.

F^o. 579.—Ventral view of the skeleton of the calyx and arm bases of a fully grown pentacrinoid larva

of Anledon bifida just before the loss of the larval stem, showing the relationships of the

basals and radials; the centrodorsal has been removed, (.\fter W. B. Carpenter.)

Plate 12.

Fig. 580.—An isolated basal of a young specimen of Anledon bifida at the time of detachment from the

larval column, seen from the outside of the calyx. (After W. B. Carpenter.)

581.—An isolated basal of a young specimen of Anledon bifida at the time of detachment from the

larval column, seen from the interior of the calyx. (After W. B. Carpenter.)

582.—Dorsal view of a basal of Anledon bifida in process of conversion into a rosette, showing the

partial resorption of the first formed lamella. (After W. B.' Carpenter.)

583.—Ventral view of the calyx of a young specimen of Anledon bifida, showing the basals altered

by endogenous growth in preparation for the formation of the rosette. (After W. B.

Carpenter.)

584.—Dorsal view of a basal of Anledon bifida which has been nearly remodeled by accretion and

resorption into the form requisite to constitute the rosette. (After W. B. Carpenter.)

585 —Ventral view of a basal of Anledon bifida in process of conversion into a rosette which has been

nearly modeled by resorption and accretion into the form requisite to constitute the rosette

by union with those on either side. (After \V. B. Carpenter.)

586.—Ventral view of a basal of Anledon bifida which has been nearly remodeled by accretion and

resorption into the form requisite to constitute the rosette. (After W. B. Carpenter.)
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Plate 13.

Pig. 5S7.—Articular faces from the middle (a) and the ba.sal (5) portions of the cirrus in a specimen of

Antcdon bifida. (After W. B. Carpenter.)

588.—Dorsal view of the skeleton of the calyx and arm ba.se8 of Antcdon bifida just after the loss of the

lar\'al column, showing the relationships of the centrodorsal (which bears five mature and
five rudimentary cirri), the basals and the radials, and the extension of the visceral mass

as far as the IBrj; the radianal is visible in the posterior interradius. (After W. B.

Carpenter.)

Plate 14.

Fia. 589.—-Ventral view of an isolated rosette in a specimen of Antedon bifida. (After W. B. Carpenter.)

590.—Dorsal view of an isolated rosette in a specimen of Antedon bifida. (After W. B. Carpenter.)

591.—An incipient rosette in a young specimen of Antedon bifida, formed by the coalescence of the

five altered basals. (After W. B. Carpenter.)

Plate 15.

Fig. 592.—Ventral view of the centrodorsal of a young Antedon bifida at the time of detachment from

the larval column. (After W. B. Carpenter.)

593.—Ventral view of the centrodorsal of a fully grown specimen of Antedon bifida from Oban. (After

W. B. Carpenter.)

PlJlTE 16.

Fig. 594.—Dorsal view of the skeleton of the calyx and arm bases of a fully-grown pentacrinoid lar\a

of Antedon bifida just before the loss of the lar\-al cohimn, showing the relation between

the centrodorsal, basals, radials, and arm bases; in the interradius at the bottom of the figure

is seen the radianal. (.Vfter W. B. Carpenter.)

595.—A specimen of Arachnocrinus bulbosiis, showing the similarity between the radials and the

swollen axillaries. (After Springer.)

596.—An isolated radianal from a young specimen of Antedon bifida at the time of detachment from

the lar\-al column. (After W. B. Carpenter.)

597.—The centrodorsal of a specimen of Antedon bifida in dors;il (a) and in lateral (6) view. (After

W. B. Carpenter.)

Plate 17.

Fig. 598.—Internal (ventral) view of an isolated radial of Antedon bifida at the time of detachment from

the lar\-al column. (After W. B. Carpenter.)

599._External (dorsal) view of an Isolated radial of AnUdon bifida at the time of detachment from

the larval column, (.\fter W. B. Carpenter.)

600.—Inner end of a radial from a specimen of Antedon bifida from England. (After W. B. Car-

penter.)

601.—Dorsal face of a radial from a specimen of Antedon bifida from England, (.^fter W. B. Car-

penter.)

602.—Ventral face of a radial from a specimen of Antedon bifida from England. (After W. B. Car-

penter.)
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Catoptometra 117, 284, 286, 296, 308, 378

hartlaubi 253, 283, 329, 359

Caudina califomica 127

planapetura 127

celtica, Leptometra. . . 43, 55, 177, 243, 303, 305, 369

Cenometra 106, 285, 291, 300, 302, 306

bella 48,67

brunnea 48

comuta 51

emendatrix 50

herdmani 54

unicornis 143, 289

chadwicki, Comisaia 54

Prometra 54

Charitometra 248

baaicurv'a 42, 367

incisa 42, 367

Charitometridse 78, 98,

115, 232, 234, 242, 244, 246, 248, 285, 286, 289,

290, 292, 306, 308, 312, 319, 328, 329, 330, 377

chinensis perlegens, Stella ' 22

Chlorometra 228, 248

aculeata 43

robuata 239

rugosa 160

cinereum, Caput-MedusiB 22, 23

clarse, Antedon 48

Petasometra 48

Cleiocrinua 362

Clemens, Antedon 45

coccodistoma, Capillaater 46

Coccometra 289, 302, 304, 326

guttata 299

hagenii 34, 44, 299, 329, 331, 369

nigrolineata 53, 299

Colobometra 285, 292, 302, 306

discolor 291

perapinoaa 37, 39, 44, 49

vepretum 49

Colobometridse 116, 117, 234,

242, 243, 254, 284, 296, 300, 312, 328, 329

columnaris, Antedon 37, 44

Zenometra 37, 44, 220, 241, 243, 301

Comactinia 117,

238, 240, 266, 268, 296, 298, 335, 336, 339

echinoptera 29,

31, 32, 46, 129, 249, 281, 291, 298, 325, 355
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Comactinia meridionalis.. 34,46,315,317,321,326

Comactinimse 266, 280, 284, 289, 298

Comantheria 14, 330

altemans 37, 47, 229

briareus 39, 47, 49, 51

grandicalyx 38, 47

magnifica 47

polycnemis 234, 238, 266

Comanthina 14, 330
Bchlegelii 14,37, 39, 47, 49,

51, 52, 53, 225, 227, 229, 236, 238, 266, 339

Comanthua 25, 71, 240, 286, 296, 306, 330

annulata 38, 46, 47, 52, 54, 135, 238, 266

bennetti 14, 22,

23, 25, 29, 31, 33, 37, 38, 47, 50, 52, 119, 229,

231, 234, 238, 240, 266, 282, 292, 330, 358

japonica 29, 31, 33, 37, 47, 52, 118

parvicirra 29, 31, 33, 35, 37, 38,

39,46,49, 50, 51, 52, 54, 118, 120, 125,223, 231,

233, 236, 238, 251, 281, 286, 292, 321, 351, 357

pinguis 93, 118, 229, 231, 234, 238, 281, 292

samoana 46, 49

Bolaster 118, 134

trichoptera 31, 32, 47, 81, 85, 118, 238, 281

wahlbergii 31, 33, 54, 223. 315

Comaster 28, 30, 50, 113, 240, 292, 296, 330

belli 47, 51, 52, 236. 238, 266, 339

distincta 46,50,275

fruticosus 75,251,266,357

gracilis 49,52,53

multibrachiata 46, 51, 85, 266

multifida 25, 29, 31, 33, 39, 47, 52, 339

multiradiatus 33

novseguinese 29, 31, 33, 37, 46, 325

typica 34, 37,

39, 46, 49, 51, 52, 120, 234, 238, 240, 266, 339

Comasterida; 33, 64, 69, 72, 74, 76,

84, 85, 90, 92, 94, 96, 97, 100,102, 104. 108,110,

111, 112, 113, 115, 117, 118, 120, 121, 152, 154,

156, 232, 234, 237, 238, 240, 242, 254, 290, 292,

294, 296, 312, 325, 328, 329, 330, 343, 377, 379

Comaaterinse 266, 270

comata, Zygometra 48, 253, 283, 329, 359

Comatella 14,77,240,296,378

maculata 46, 49, 51, 52, 220, 353

nigra 46, 247, 277, 325, 353

Btelligera 46, 48, 49, 50, 51, 54, 81, 247, 353

Comatilia 102, 240, 296, 336, 339, 370

iridometriformi3 238, 240, 249, 355

Comatula 14,24,25,

26, 29, 30, 31, 33, 113, 240, 296, 298, 330, 378

adeonK 25,26,31,32

annulata

Page.

Comatula articulata 33

barbata 27

bennetti 31, 33

bicolor 30

brachiolata 25, 29, 31, 32

brevipinna 34

carinata 24, 25, 29, 30, 32

coralina 27

cumingii 31

echinoptera 32

elongata 31, 33

eschrichtii 32

etheridgei 131, 298

fimbriata 25, 26, 29, 33

flagellata 31, 33

hagenii 34

indica 36

jacquinoti 30, 31, 32

japonica 31, 33

Isevissima 35

leucomelas 28

macronema .' 30, 31, 33

mediterranea 25, 27, 30

meridionalis 33

mertensi 35

micraster 75, 234, 298

milberti 32

milleri 31

multifida 31,33

multiradiata... 25, 26, 28, 29, 30, 32, 50, 119, 330

novae-guinese 31, 33

parvicirra 33

pectinata 23,

31, 33, 39, 45, 49, 51, 52, 75, 79, 81, 83,

220, 249, 281, 298, 321, 325, 351, 355

petasus 32

phalangium 32

philiberti 31, 32

purpurea 32,

45, 51, 75, 132, 221, 225, 228, 236, 238, 266, 298

reynaudi 32

reynaudii 30

rosacea 27

rosea 31,32

rotalaria 25,

31, 33, 39, 46, 51, 52, 221, 223,

233, 238, 249, 298, 321, 326

sarsii 1 32

savignyi 33

simplex 37

Solaris 25,

31, 32, 33, 34, 38, 39. 45, 49, 52,

118, 220, 249, 298. 326, 351, 355



396 INDEX.

Page.

Comatula, sp 26

tessellata 31, 32

timoreneis 31, 33

trichoptera 30, 31, 32

(Actinometra) borneensis 35

hamate 34

rotalaria 31

Bolaris 31

wahlbergii ' 31

(Alecto) articulate 31

carinata 31

ec'hinoptera 31

escliriclitii 31

fimbriata 31

mediterranea 31

milberti 31

multiradiata 31

palmata 31

parvicirra 31

petasus 31

phalangium 31

reynaudii 31

earsii 31

eavignii 31

Comatuladse ' 27

Comatule 24,25

Comatulella 296, 378

brachiolate 272, 292, 298

Comatulida 40

Comatulides 266, 296

decameros 133

Comihia 240

Comissia 238, 240, 296

chadwicki 54
dumetum 83

ignote 39
peregrina 51

compIanatuB, Ilycrimis 62

compressa, Antedon 44

Parametra 44

Compsometra 296, 298, 304, 326

incommoda • 47, 173, 300

lov6ni 35,

39, 44, 174, 299, 300, 315, 317, 329, 309

Berrata 299

concinna, Crinometra 239, 367

congeste, Psathyrometra 241

conifer, Atelecrinus 65, 243, 311

Bythocrinus 203

conifera, Antedon 49

Cosmiometra 49, 239

conjungens, Antedon 45, 48

coppingeri, Actinometra 39, 46, 49

Page.

coralina, Comatula 27

comubiensium, Decempeda 22, 24

cornuta, Cenometra 51

Cosmiometra 246, 277, 308

conifera 49, 239

crassicirra 297

delicata 297

woodmasoni 50

Craspedometra 300, 304

acuticirra 38,

45, 48, 52, 139, 253, 292, 328, 329, 361, 375

amboinae 48

crassicirra, Cosmiometra 297

crassipinna, Antedon 48

crenulata, Amphimetra 38, 39, 44, 45, 51

Antedon 38

Crinometra 248, 278, 328, 378

brevipinna 34, 36, 44

concinna 239, 367

granulifera 36, 44

imbricate 36, 45

crocea, JsK6ms/wc 22

Crotalometra 246, 308

flava 52

magnicirra 54

porrecte 45

cubensis, Antedon 34,37,44

Atelecrinus 37, 42

cumingii, Actinometra 39

Comatula 31

Cyclometra 358

Cyllometra 285, 302, 306, 374, 375

albopurpurca 54, 289

disciformis 363

manca. . . : 54, 289, 374

cypris, Thaumatometra 43

decacnemus, Asterias 23

decameros, Comatulides 133

Decametra 285, 302, 306

informis 44

mollis 291

taprobaiies 53

Decametrocrinus 39, 54

Decempeda comubiensium 22, 24

decipiens, Antedon 39

decorus, Isocrinus 120, 205, 330

defecta, Antedon 44, 307

Ilypalometra 44

JeKadaauojcrtvoeidfjC 21, 22

AcKivaefwc 22

barbata 22

crocea 22

rosacea 22
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delicata, Cosmiometra 297

delicatissima, Mariametra 67

Democrinus 208, 212, 318, 345

rawsonii 203, 205

sp 205

weberi 210

dentata, Alectro 27, 32

Hathrometra 56, 309, 329, 373

denticulata, Amphimetra 43

Antedon 43

dibrachiata, Antedon milberti, var 28

Dichrometra 306

bimaculata 37, 45

doderleini 53

flagellata 29, 31, 33, 37, 45, 49, 266

var. afra 52

tenera 287

teniucirra 287

difficilis, Palaeocomatella 46

diomedese, Pentametrocrinus 187, 302

Perometra 65, 179, 307, 329, 349, 371

disciformis, Antedon 45

Cyllometra 363

discoidea, Actinometra 46

Amphimetra 28, 39, 44, 49, 51, 235, 285

Antedon 43

Calometra 43

discolor, Colobometra 291

distincta, Actinometra 46

Antedon 45, 46

Comaster 46, 50, 275

Pachylometra 45

divaricata, Actinometra 47, 49

doderleini, Antedon
_

53

Dichrometra 53

dorsata, Stenometra 237

dudeni, Antedon 43

diidenii, Antedon 34, 38, 43, 90, 300, 316, 339

dumetum, Comissia 83

duplex, Actinometra 47, 51

Antedon 44

HorjBometra 44

echinata, Antedon 42

Thalassometra 42

echinoptera, Actinometra 46

Alectro 29,34

Comactinia 29,

31, 32, 46, 129, 249, 281, 291, 298, 325, 355

Comatula 32

Comatula (Alectro) 31

Echinoptera group ' 41, 46

Echinus

echinus, Stephanometra 300

Page.

Edriocrinus 202

Eldonia 178

Elegans group 48, 51

elegans, Antedon 39, 48, 52

Zygometra 39, 52

Eleutherocrinoidea 54

EleutherocrinuB 54

elongata, Actinometra 46

Alecto 29

Antedon 37, 45, 49

Comatula 31, 33

emendatrix, Antedon 50

Cenometra 50

Encrinidse 98, 342

Encrinus 352, 354

australiB 28

liliiformis 352

encrinus, Tropiometra 37, 38, 44

Endoxocrinus 320, 378, 380

parrse 120

ensifer, Amphimetra. . . . 141, 255, 285, 328, 329, 361

Epimetra 296

erinacea, Antedon 49

Oxymetra 49

erythrizon, PsathjTometra 241

Erythrometra 304,308

ruber 329, 371

Eschrichti group 41,43,51.52

eschrichti, Antedon 43, 55

eschrichtii, Alecto 29

Antedon 53

Comatula 32

(Alecto) 31

etheridgei, Comatula 131

Eudiocrinus 26, 37, 38, 40,

42, 53, 64, 78, 85, 107, 110, 296, 308

atlanticus 38, 42, 55

granulatus 50

indivisus 37, 42, 50

japonicus 37. 42

junceus ^36

ornatus 253, 331, 359

pinnatus 137

semperi 37,42

varians 37, 42

Eumorphometra hirsuta 43

Eurocidaris nutrix 127

europ^a, Alecto 24

Neocomatella 46

europa;us, Pentacrinus 27, 28

exigua, Antedon 43

Hathrometra 43

explicata, Trichometra 243
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exqmaita, Iridometra 288

fieldi, Antedon 50

Cmbriata 22

Actinoinetra 4G, 49, 50, 53

Comatula 25,26,29,33

(Alecto) 31

SteUa 22

Fimbriata group 42, 46

finschii, Antedon 49

Oxymetra 49, 266

fisheri, Parametra 297

flagellata, Alecto 29

Antedon 37, 45, 49, 52

Comatula 31, 33

Dichrometra 29, 31, 33, 37, 45, 49, 266

var. afra, Dichrometra 52

flava, Antedon 52

Crotalometra 52

flavomaculata, Antedon 50

flexilis, Antedon 43, 44

Pachylometra 43, 44

Florometra 51, 234,

266, 271, 304, 326, 330, 375, 380

asperrima 93, 243, 307, 371

magellanica 38, 43, 51, 294

marise 269

tanneri 51

fluctuans, Antedon 42

Forbesiocrinus 184

fragilis, Psathyrometra 241, 301, 369, 375

fruticosus, Comaster 75, 251, 266, 357

Ganymeda 24

pulchella 24, 28

Gephyrocrinua 208, 210, 345

gigantea, Thalassometni 239, 246, 297

glacialia 57

Alecto 32

(Heliometra) 27

Heliometra 29, 31,

32, 38, 43, 53,-55, 57, 125, 307, 371, 373

Glyptometra 248

lateralis 299

timorensis 162

tuberosa 42

Goldfussia 50

gorgonia, Antedon 24, 118

gracilis, Actinometra 49

Antedon 42

Comaster 49, 52, 53

grandicalyx, Actinometra 38, 47, 52

Comantheria 38, 47

granulatus, Eudiocrinus 50

Page.

granuUfera, Antedon 36, 45

Crinometra 36, 44

Parametra 44

GranuUfera group 41, 45, 51, 54

guttata, Coccometra 299

gyges, Antedon 39, 45

Lamprometra 39, 45, 49

hageni, Antedon 44

hagenii, Antedon 53

Coccometra 34, 44, 299, 329, 331, 369

Comatula 34

hamata, Comatula (Actinometra) 34

hartlaubi, Catoptometra 253, 283, 329, 359

Hathrometra.... 124, 211, 228, 236, 250, 254, 304, 308

dentata 56, 309, 329, 373

exigua 43

prolixa 43. 55, 300, 315, 317, 329

sarsii 31, 32, 120, 273, 288, 309, 315, 317

sp 43, 55

tenella....'. 24,56,329

hawaiiensis, Naumachocrinua 201, 203

Thalaasometra 237

Helicidae 212

HeUometra 124, 234, 250, 254, 266, 271,

304, 308, 326, 329, 330, 378, 380

glacialia 29, 31,

32, 38, 43, 53, 55, 57, 125, 307, 371, 373

maxima 307

Heliometrinae 78, 254, 380

herdmani, Cenometra 54

Heterometra 306

affinis 48

bengalensia 48, 54

quinduplicava 45, 235, 253, 292, 359, 375

•rev-naudii 31, 32, 45, 54, 255, 361, 375

savignii 28, 29, 31, 33, 45, 54

Hibemula 27

Himerometra 23, 306

martensi 48, 65, 253, 285, 328, 329, 359, 375

persica 273, 285

robuatipinna 37, 47, 48, 50

sol 53

Himerometridifi 116, 117, 234, 242, 243, 254,

291, 300, 312, 325, 326, 328, 329

hirsuta, Antedon 43

Eumorphometra 43

Holopus 16, 200, 204, 344, 346

Holothuria 7

Homalocrinus 174

nora>ometra 246

duplex 44

horrida, Alecto 24, 25, 26
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hupferi, Antedon 38, 43, 49, 300, 316

Hyocrinua 208, 210, 316, 344, 345

Hypalocrinus 286

Hypalometra 304, 308

defecta 44, 307

Hyponome sarsii 34

hystrix, Antedon 43

Ichthyocrinidse 332

ignota, Comissia 39

Ilycrinua 345

complanatus 62

imbricata, Crinometra 36, 45

imparipinna, Antedon 38, 45, 49, 52, 54

imperialis, Actinometra 29, 31, 33

impinnata, Antedon 44

inaequalis, Antedon 45

Pachylometra 45, 367

incerta, Aglaometra 42

Antedon 42

incisa, Antedon 42

Charitometra 42, 367

incommoda, Antedon 47

Compsometra 47, 173, 300

indica, Antedon 45, 52, 53, 54

Comatula 36

Stephanometra 36, 45, 53, 54

Tropiometra 44, 54

indivisus, Eudiocrinus 37, 42, 50

Ophiocrinus 37

(Eudiocrinus) 34

informis, Antedon 44

Decametra 4^

inopinata, Antedon 50

insignia, Antedon 39

insolitus, Nemaster 247, 279, 353

insperatus, Pontiometra 77

intermedia, Actinometra 39

intermedius, Bythocrinus 205

inusitata, Psathyrometra 242, 245

iowensis, Actinometra 53

Nemaster 53

Iridometra 254, 296, 302, 304

segyptica 54

exquisita 288

nana '^^' -*'°

parvicirra ^
iridometriformis, Comatilia 238, 240, 249, 355

irregularis, Antedon 39

laocrinus 86,210,310,380

asteria 33, 119

decorus 120,205,330

Isometra ^^
angustipinna *3

Page.

jacquinoti, Amphimetra 31, 32

Comatula 30, 31, 32

japonica, Actinometra 37, 47

Alecto 29

Antedon 49

Comanthus 29, 31, 33, 37, 47, 52, 118

Comatula 31, 33

Oligometra 49

japonicus, Eudiocrinus 37, 42

Pentametrocrinus. . 37, 42, 93, 302, 311, 329, 373

joubini, Promachocrinus 55

jukesii, Actinometra 39

junceus, Eudiocrinus 136

jungerseni, Thaumatocrinus 181

Kallispongia archeri 35

kerguelensis, Promachocrinus 47,

54, 315, 316, 331, 332, 337, 338, 371

klunzingeri, Antedon 48

kraepelini, Antedon 48

Itev-icirra, Antedon 37, 45

Isevipinna, Antedon 38, 44

Isevis, Antedon 43

Isevissima, Amphimetra 35. 44

Antedon 44, 53

Comatula 35

Laggania 1"8

Lamprometra 23, 51

gyges 39, 45, 49

palmata 22, 23, 29, 31, 45, 48, 49, 54

protectus 22, 23,

29, 31, 37, 38, 45, 48, 49, 50, 52, 54, 255, 363

similis 45

subtilis 51

lateralis, Glj-ptometra 299

latipinna, Antedon 42

Thalassometra 42

lepida, Antedon 49

Leptometra. . . . 236, 304, 306, 324, 325, 329, 372, 374

celtica 43. 55, 177. 243, 303, 305, 369

phalangiura 29, 31, 32, 43, 55, 125, 273, 301

Leptonemaster 240, 296

venustus 83, 247, 279, 353

leucomelas, Comatula 28

liliiformis, Encrinus 352

lineata, Actinometra 46

Antedon 43

Nemaster 36, 46, 220, 247, 374

Liparometra articulata 31, 33, 39, 45

regalis 4o

littoralis. Actinometra 47

lofotensis. Rhizocrinus 56, 120, 205, 208, 211

longicirra, Antedon 4-

Asterometra 42
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Page,

longipinna, Antedon 43

Thaumatometra 43

Louisella 178

lov6ni, Antedon 39,44

Compsometra 35,

39, 44, 174, 299, 300, 315, 317, 329. 369

ludovici, Antedon 38, 48, 52

Luna marina 23

altera 23

lusitanica, Antedon 42, 44, 55

Thalasst)metra 42, 44, 55

Lytecliinus variegatus 127

macrobrachius, Actinometra 49

Capillaster 49, 234, 238, 240

macrodiscus, Antedon 51, 54, 91

Tropiometra 51, 275

macronema, Antedon 44, 49

Comatula 30, 31, 33

Ptilometra 31, 33, 44, 47, 81, 151, 153, 295

macropoda, Asterometra 155,

235, 267, 268, 295, 363

maculata, Actinometra 46, 49, 51, 53

Comatella 46, 49, 51, 52, 220, 353

magellanica, Antedon 38, 43

Florometra 38, 43, 51, 294

magnicirra, Antedon 54

Crotalometra 54

magnifica, Actinometra 47

Comantheria 47

magnipeda, Asterometra 268

major, Psathyrometra 159

manca, Antedon 45

Cyllometra 54, 289, 374

marginata, Antedon 45, 54

Stephanometra 45, 54

?Stephanometra 54

Thalassometra 159

maria.', Capillaster 46, 277

Florometra 269

Mariametra delicatissima 67

subcarinata, 255, 287, 328, 329, 361

vicaria 50

Mariametridffi 116, 234, 242, 243, 285, 290,

292, 296, 300, 312, 325, 326, 328, 329

marina, Luna 23

altera, Luna 23

marini.'f polyactis, Stella 23

Marsupites 74, 180, 182, 202,

204, 215, 242, 314, 342, 343, 344, 345, 346

martensi, Antedon 48

Himerometra 48,

65, 2,53, 285, 328, 329, 359, 375

Mastigometra 268, 284, 286

Page.

maxima, Heliometra 307

mediterranea, Antedon 21, 22, 23, 25,

30, 31, 32, 43,55,56,119,120,121,122,

123, 125, 132, 169, 271, 300, 306, 315, 316

Comatula 25, 27, 30

(Alecto) 31

moridionalig, Actinometra 46, 53

Comatula 33

mertensi, Comatula 35

Metacrinus 78, 102, 214, 358, 380

rotundus 89

meyeri, Actinometra 38
micraster, Comatula 75, 234, 298

Microcomatula 240, 296
mortenseni 288

microdiscus, Antedon 39, 42, 52

Zygometra 39, 52, 283

Milberti group 41, 43, 52

milberti, Amphimctra . . 31, 32, 35, 39, 44, 48, 49, 53

Antedon 39, 44, 48, 49, 51, 53

Comatula 32

(Alecto) 31

var. dibracbiata, Antedon 29

milleri 26

Alecto 29

Antedon 33

Comatula 31

Millericrinus 212, 222

minutissima, Batbymetra 311

mirifica, Asterometra 77

molleri, Ampbimetra 44, 49, 53

mollis, Decametra 291

Molpadiidse 133

monacantba, Antedon 49

Stephanometra 49, 50, 63

Monacbocrinus 212, 213, 214, 318, 345

caribbeus 203, 205

paradoxus 203

moorei, Antedon ' 50

moroccana, Antedon 43,

90, 120, 122, 123, 300, 315, 316, 339

mortenseni, Microcomatula 288

miilleri, Pentacrinus 120

Ptilometra. 35, 44, 49, 65, 149, 235, 295, 315, 365

multibracbiata, Actinometra 46

Comaster 46, 51, 85, 266

multicolor, Neometra 67, 329, 363

multifida, Actinometra 39, 47, 51

Alecto 29, 30

Comaster 25, 29, 31, 33, 39, 47, 52, 339

Comatula 31, 33

mulliradiata 25, 29, 30

Actinometra 33, 38, 46, 49, 51, 53, 54, 55
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multiradiata, Antedon 42

Asterias 23, 24, 25, 29, 30

(Capillaster) 23

Capillaater 14,22,23,25,31,33,

35, 38, 39, 46, 49, 50, 51, 53, 54, 81, 260, 277

Comatula 25, 26, 28, 29, 30, 32, 50, 119

(Alecto) 31

multiradiatus, Comaster 33

multispina, Antedon 42, 45

Thalassometra 42, 45

Myzostoma 28

nana, Antedon 49

Iridometra 49, 266

Nanometra 250, 304, 306, 308

bowersi 269, 307

naresi, Promachocrinus 47

Thaumatocrinus 47, 181

Naumachocrinus 210, 345

hawaiiensis 201, 203

Nemaster 80,102,112,240,296

insoUtus 247,279,353

iowensis 53

lineata 36, 46, 220, 247, 374

nematodon, Amphimetra 48

Antedon 48

Neocomatella 77,240,296

alata 36, 46, 125, 247, 321, 326, 353

atlantica 46

europaea 46

Neometra 230

acanthaster 147

multicolor 67,329,363

nigra, Actinometra 46

Comatella 46, 247, 277, 325, 353

nigrolineata, Coccometra 53, 299

nobilis, Actinometra 47, 51

notata, Actinometra 48, 54
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