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/AJ\i'£ THE

VOYAGE OF H.M.S. CHALLENGER,

ZOOLOGY.

REPORT upon the Crinoidea collected during the Voyage of H.M.S.

Challenger during the Years 1873-76. By P. Herbert Carpenter,

D.Sc, Assistant Master at Eton College.

PART I.-GENERAL MORPHOLOGY, WITH DESCRIPTIONS
OF THE STALKED CRINOIDS.

PREFACE.

The circumstances under which I have come to be charged with the duty of reporting

upon the entire collection of Crinoidea made during the Challenger Expedition are as

follows.—The researches of my father, Dr. Carpenter, C.B., F.R.S., early led me to take a

special interest in Comatula and its allies. Some of his statements respecting the anatomy

of the arms having been called in question, I was led to reinvestigate the matter towards

the end of the year 1875, by methods which were almost unknown during the progress

of his researches nearly fifteen years before ; and I had the pleasure of verifying all those

points in his descriptions of the arms of the European Comatulaj which other observers

had disputed. I was then working in the zoological laboratory of Prof. C. Semper

at Wiirzburg, who most kindly placed at my disposal the arms of some tropical Comatulse

which he had obtained in the Philippines. It soon appeared that the minute structure of

Crinoids ofi"ered a promising field for investigation, and Prof. Semper therefore generously

put into my hands several specimens of a remarkable tropical Actinovietra as material

for a monograph of the tj-pe. This work occupied me diuing the whole of the year 1876

(ZOOL. CHALL. EXP.-—PART XXXII.— 1884.) .
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and the earlier months of the following year, the greater part of which time was spent

at Wiirzburg, where I had the constant advantage of Prof. Semper's criticism and

advice. I also received much valuable help from my father, who freely placed at my
disposal all the material which he had accumulated some years before for his investigation

of the structure of Antedon, Pentacrinus, and Rhizocrinus. A portion of his observations

were communicated to the Royal Society in his now classical memoir on the skeleton of

Antedon rosacea, and in a later paper on the anatomy of the disk and arms. But he has

still a large amount of unpublished material ; and of this I have always been permitted to

Niiii myseir ua i'uily \ I wished. How important this help has been to me will be

.npM.rrVf if 1 vprv snbs.uuent worker at Crinoid morphology, my own researches having

iV.:
' .lu'ithe lines which he had laid down. The results of my study of

various other Crinoids were communicated to the Linnean Society in the

.summer of i»5 <, and shortly afterwards Sir Wyville Thomson offered to entrust me with

the preparation of the Report upon the Comatulse dredged by the Challenger. The

collection was sent to me in January 1878 ; and for the next four years the time which I

could spare from my professional duties was devoted pretty continuously to the examina-

tion and description of some hundred and fifty new species. Eighteen plates had been

drawn and nearly all the specific diagnoses written out, when on Sir Wyville's untimely

death in March 1882 I was requested by Mr. John Murray to include the Stalked

Crinoids in my Report.

During the cruise of H.M.S. Challenger, and also for some years before it, Sir

Wyville had devoted much attention to the Stalked Crinoids, and he proposed himself

to investigate the collection of this group of animals which was made during the Expedi-

tion. He also arranged with Prof. Alexander Agassiz that he should embody the

descriptions of the Stalked Crinoids dredged in the Caribbean Sea by the U.S. Coast

Survey steamer " Blake " in his Report on the Challenger collection, so that it might

assume the form of a monograph of all the species known to science. He was able

to do but little with the " Blake " collection, however ; and with the concurrence of Prof

Agassiz it was sent to me by Mr. Murray along with the Challenger collection, proofs

of plates, drawings, preparations, and some notes, in the spring of 1882.

Sir Wyville had not made much progress with the preparation of his Report. Twenty-

eight plates illustrating the structure of Holopus and of the more remarkable types

dredged by the Challenger had been drawn and lithographed at Edinburgh under his

superintendence by Messrs. George West and W. S. Black, but he was never able to

draw up any specific diagnoses ; and he left no manuscript behind him of any kind,

except one or two generic and specific names which he had written upon the proofs of

some of these plates. Descriptions of Hyocrinus, Bathycrinus, and of Pentacrimis

madearanus had, however, already been published in his popular work on the Voyage of

the Challenger—The Atlantic.
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Upon examining the two collections of the " Blake " and the Challenger, I found that

they contained some half dozen species of which no figures had been drawn at all ; so

that several additional plates would be necessary in order to illustrate them adequately;

while diagnoses were wanted of nearly thii'ty specific types, most of them being

undescribed, and some representing new genera.

The preliminary study of these various forms in their zoological aspect alone occupied

a good deal of time ; but having a strong conviction that they could only be properly

understood by the help of a detailed knowledge of their fossil representatives, I was led

to take up the study of the fossil Crinoids, more especially those of th Secondary and

Tertiary periods. This naturally brought up the question of the relation betwi-en the

Neocrinoids and the Palseocrinoids, which had already been occupying my thoughts for

some time past.

Besides these palseontological questions, many others presented .iicmselves oi a

morphological nature ; and I have endeavoured to obtain such a knowledge of the

morphology of recent Crinoids as would be of substantial aid in the interpretation of the

many puzzling forms among their fossil representatives, and also bring out their relation

to the other Echiuodermata. Many others have been at work upon the same lines, with

varying opportunities and diflerent degrees of success. Very much, however, still

remains to be done, more especially with regard to the finer details of microscopic

anatomy, which can only be thoroughly investigated in individuals specially prepared for

the purpose when c[uite fresh. In this way alone is it possible to obtain series of sections

of the requisite thinness and perfection of histological detail ; and I would therefore ask

those wdio may be disposed to criticise my figures to remember that the preparations

were mostly made before the introduction of the Jung or CaldweU microtomes, from

material which had been in spirit for periods varying from two to fifteen years.

Several morphological and one or two systematic works upon the Crinoids have

appeared during the passage of this Report through the press ; and I have therefore added

an Appendix which contains a series of notes discussing the various questions to which

those works relate. Eeference is given to these notes in the text, so that this first part

of the Crinoid Eeport may be regarded as presenting an epitome of our knowledge of

Crinoid structure up to the end of the present year.

The second part of the Eeport, containing descriptions of the Comatul^ collected

by the Challenger and " Porcupine," will be published as soon as ever the necessary

plates can be drawn, and the manuscript revised, parts of the latter being now more than

five years old.

Of the sixty-nine plates accompanying Part I., twenty-eight were drawn at Edin-

burgh under the direction of Sir Wyville Thomson. Five others illustrating the

structure of Pentacrinus wyville-thomsoni were prepared by Mr. George West to

accompany a memoir- upon this type, commenced some years ago by my father, who has
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kindly permitted me to make use of them here. They are distinguished by the initials

" W. B. C"; while thirty-one of the remaining thirty-six which are marked " P. H. C,"

have been drawn under my own superintendence by Messrs. C. Berjeau, F.L.S., and

P. Highley. I am very greatly indebted to both these gentlemen for the care and skill

with which they have performed a difficult and laborious task, one, moreover, involving

a considerable acquaintance with minute structural details. I am under similar obliga-

tions to Mr. George West, who lithographed three anatomical plates, and also gave me

valuable information respecting the specimens from which he had drawn several plates

ide Thomson. I have likewise to thank Mr. Black for similar information

.jg ibose plates which had been di-awn by himself; and also j\Ir. W. E. Hoyle, M.A.,

I . a- Uhallf^nger Office, for kindly working out the magnification of some of the figures

ujiori Mr. Brick's plates.

I ha^'^e further gratefully to acknowledge much valuable bibliographical assistance from

my friends Prof F. J. Bell, F.Z.S., and Mr. W. P. Sladen, F.L.S. ; whde my thanks

are also due to Prof. H. N. Moseley, Dr. P. P. C. Hoek, Mr. H. B. and Dr. G. S. Brady,

and to Mr. Edgar Smith, F.Z.S., for kindly identifying various organisms which I had

found attached to different parts of the Crinoids.

Prof Carl Zittel of Munich and Prof. G. Meneghini of Pisa have been good enough to

send me several fossil specimens of Rhizocrinus for examination, and I take this opportunity

of thanking them. But I find it difficult to express my indebtedness to Mr. Charles

Wachsmuth of Burlington, Iowa, U.S., who is so well known as the leading authority

upon the Pal^ocrinoidea. Not only has he frequently sent me for examination very rare

and valuable specimens illustrating the morphology of the Palseocrinoids and Blastoids,

but he has repeatedly answered my inquiries in the fidlest and most complete manner

possible. The relations of the Neocrinoids and the Palseocrinoids have been the subject

of a prolonged discussion between us, extending over more than two years ; and it is a

matter of sincere regret to me that we have been obliged to agree to difi'er. Time will

show how far our respective views will need modification. We have approached the

subject from difl^erent sides ; but upon one point we are in complete accordance, viz., the

desire to find out the truth, whether or not it agree with our own ideas upon the

subject. Mr. Wachsmuth will shortly publish an explanation of his own position, to

which I would refer those who are interested in the matter.

In conclusion, I must express my sincere thanks to Mr. John Murray and to

Prof. Alexander Agassiz for having entrusted me with the working out of the Crinoid

collections in their charge, and for their readiness to afi"ord me every possible assistance

in doing so ; while I would pay a heavy debt of gratitude to the memory of the late Sir

Wj^Ue Thomson. It was my privilege to accompany him and my father in the short

but eventful cruise of H.M.S. " Lightning " in the year 1868 and in the "Porcupine"

expedition of 1869 ; and to his kindness and encouragement both then and sub-
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scquently is due much of such success in zoological work as I may subsequently have

attained.

To my father, as will be readily understood, I owe far more than can well be put into

words ; and I wdll only express the hope that the following pages may be regarded as a

not unworthy sequel to his many contributions to Invertebrate Zoology.

Eton College, December 1884.
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MORPHOLOGY.

L—THE SKELETON GENERALLY, WITH THE MODES OF UNION OF

ITS COMPONENT JOINTS.

The organisation of a Crinoid is broadly divisible into two well-marked portions, to

which the general names ambulacral and antiambulacral may be given. They correspond,

on the whole, to the left and right larval antimers respectively, though probably not

exactly so. The first is the visceral mass or " disk," in which is situated the whole of

the digestive tube, with both its terminal openings. It likewise contains the central

ends of the radial water-vessels and blood-vessels, which converge towards their

respective circum-oral rings, and also the corresponding portions of the ambulacral

nervous system (PI. LXIL).

Both the disk and its extensions in the perisome clothing the ventral surface of the

arms and pinnules are usually more or less covered by calcareous plates, the arrangement

of which will be described subsequently (PI. VI. fig. 4; PL XVII. figs. 6-10; PI. XXVI.

figs. 1, 2; PI. XXXIII. figs. 6, 7; PI. XXXIX. fig. 2; PL XLI. figs. 4, 12-14; PL XLIII.

fig. 3 ; PL XLVII. figs. 10-13 ; PL L. fig. 2 ; Pis. LIV., LV.). They represent a portion

oFthat element of the Crinoid skeleton to which the name " perisomatic " was given by

Sir Wyville Thomson^; for they are all originally developed from simple cribriform films

of limestone, such as appear in all young Echinoderms, and thicken by continual repetition

of the same formation.

The antiambulacral portion of a Crinoid consists of the stem and its appendages,

the calyx, and the skeleton of the rays, arms, and pinnules. This constitutes the radial

skeleton, as the term is understood by Dr. Carpenter,^ viz., that which is perforated by a

central canal lodging an extension of the fibrillar envelope around the chambered organ

(PL Vllb. fig. 2; PL XXIV. figs. 2-6, ca; figs. 7-9, or; PL LVIIL figs. 1-3, ar

;

PL LXIL).

Sir Wyville Thomson was unaware that the primary interradial cords proceedmg from

the chambered organ perforate the basal plates (PL Vllb. fig. 2 ;
PL XXIV. fig. 7 ;

1 On the Embryogeny of Antedon rosacens, Linck, Phil. Trans., 1865, pp. 540, 541.
j,, ., t

2 Researches on the Structure, Physiology, and Development of Antedun rosacens, part i., Fhil. Imns., l«bb,

p. 742.

(ZOOL. CHALL, EXP.—PART SXXII.—1884.)
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PL LVIII. fio's. 1, 3

—

ai; PI. LXII.) ; and he therefore considered them as belonsins to

the perisomatie system, on the ground of their not being thickened by the peculiar fascicu-

lated tissue of parallel rods such as is found in the growing stem- and arm-joints. He
described this fasciculated tissue as appearing in the first radials. But according to

Dr. Carpenter " there is no distinction in texture between the endogenous additions by

which the first radials and the basals are respectively thickened ; so that we cannot place

them in separate categories on this score. But further, we have seen that in the stage

now described, the basals as well as the radials are perforated to give passage to the

radiating extensions of the sarcodic axis of the stem, which only reach the radials through

the basals ; so that this ground of distinction also fails to separate them."

The basals and radials form part of the apical or abactinal sj^stem of the Crinoid, and

are represented by the genital and ocular plates of the Urchins, and their homologues in

the other Echinoderms.^ The oral plates of the Crinoid correspond in like manner with

the mouth-shields of Ophiurids, the " odoutophores " of Asterids, the oral plates of the

PsolidjB, and possibly also with the five actinal plates of Palceostoma mirahiUs among the

Urchins.^ As regards the rest of the Crinoid skeleton, however, nothing more than a

very general homology can be established with the skeleton of the other Echinoderms.

The perisomatie skeleton consists essentially of numerous minute j^lates which are

usually more or less isolated, but sometimes slightly connected by fibrils of connective

tissue (PL VI. fig. 4 ; PL XVII. figs. 6-10 ; PL XXVI. figs. 1, 2 ; PL XXXIII. figs. 6, 7 ;

PL XLI. figs. 4, 12-14; PL XLIIL fig. 3; PL XLVIL figs. 10-13; PL L. figs. 1, 2;

Pis. LIV., LV. ; PL LVII. fig. 3, an; PL LXII.). The radial skeleton, however, consists

of successive joints and rods which are developed in a longitudinal direction, and are

united to one another by articulation or suture. In either case the ultimate union of the

two joints is effected by means of connective tissue fibres, which pass from the nucleated

and pigmented organic basis of the one joint into that of the other (PL Vllb.

figs. 1, 8, li, Id. PL XXIV. figs. 6, 7 ; PL LVIII. figs. 1-3—^, lb, L). These fibres are

sometimes quite short, and their ends are surrounded by the denser layers of calcareous

reticulation on the apposed surfaces of the two joints, which are thus closely and

immovably fitted together, though they can be separated by the action of alkalies.

This mode of union is called a " suture," or better, a " synostosis."
^

The first radials of the Comatulse are connected in this manner ]:)oth with one another

and with the centro-dorsal. The same mode of union also occurs between the radials of

the Pentacrinidoe and the basals on which they rest, as well as between the five individual

1 On the Oral and Apical Systems of the Echinoderms, part i., Quart. Journ. Mia: Sci., vol. xviii., N. S., pp.

367-382. Some disputed points in Echinoderm Morphology, Ibid., vol. xx. pp. 322-329. On the Apical System of the

Ophiurids, Ibid., voL xxiv. pp. 1-22. Vide, Note A.
- Oral and Apical Systems, part ii., Ibid., vol. xix., N. S., pp. 191-193.

^ See Simroth, Zeitschr. f. wiss. ZooL, Bd. xxvii. p. 435 ; and also P. H. Carpenter, On the genus Actinometra,

with a morpliological accoimt of a new species from the Pliilippine Islands, Trans. Linn. Soc. Land. (Zool.), ser. 2,

vol. ii. pp. 55, 56, pi. iii. fig. 4.
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plates which make up each of these rings (PI. XII. figs. 1, 2, 11-16, 22-25 ; PI. XVIII.

figs. 4-7 ; PI. XX. figs. 1-3, 6-9 ; PI. XXI. figs. 6, 7 ; PI. XXIV. fig. 6, Ih ; fig. 7, 1, lh,L;

PL LVIII. fig. 1, /, Ih; fig. 2, L). The radials of Bathycrinus are likewise united in this

way (PI. Vllb. fig. 4, 1) ; but the sutures between the basals seem to be of a still closer

nature. They are visible externally in young individuals but disappear in the adult, so

that the " base " seems externally to consist of but one single piece' (PI. Vila. figs. 12-14).

Sections through a decalcified specimen show, however, that it is really composed of five

parts like the base of Pentacrinus (PL Vllb. fig. 2, B). These five parts are, nevertheless,

very closely anchylosed. No parallel fibres of connective tissue pass between them, such

as unite the five first radials together (PL Vllb. fig. 4, /). But the organic basis of the

skeleton is much less close, if not absent altogether, along five lines which radiate out-

wards from the chambered organ and indicate the position of the sutures. They stain

less deeply with ha3matoxyliu than the surrounding tissue, but do not reach the exterior

of the section (PL Vllb. fig. 2). Neither are they visible in sections through the top

and bottom of the basal piece ; and but for the knowledge obtained in this way, the

basal piece would probably have been described as an uppermost stem-joint, as has

actually happened in the case of RMzocrinus.

In some individuals of RMzocrinus lofotensis (PL IX. figs. 1, 2) there are no

indications of suture, even in the adult ; though in others the sutures are visible

externally (PL X. fig. 2). In the former case the nuclear connective tissue network is

continuous through the whole section, which exhibits no unstained radiating lines, as do

similar sections of Bathycrinus. There is a marked difi'erence between the two genera,

however, as regards the lateral union of the radials. Those of Bathycrimis are united liy

synosteal fibres (PL Vllb. fig. 4, I), just as in Pentacrinus (PL XXIV. figs. 7-9
;

PL LVIII. fig. 2, L) and Comatula. But those of Rhizocrimis are much more closely

connected, just in fact in the same way as the basals of Bathycrinus axe. No ligamentous

fibres are visible in horizontal section, but only five (or six) radiating lines where the

nuclear network is incomplete (PL Villa, fig. 6). The radials in this ty^a, and the

basals in Bathycrinus, seem to be united by a limestone deposit which has difi'crent

characters from that usually found in Echinoderms ; and I think it will be advantageous

to denote this by the term " anchylosis," reserving " synostosis " for cases in which

ligamentous fibres are concei'ned in the union of the joints ; though both of them, like

the " syzygy," would be considered as sutures.

Smooth sutural unions like those between the basals and radials, though somewhat

less close in their character, occur at intervals in the stem of the Pentacrinidje, every

nodal or cirrus-bearing joint being united in this way to the joint below it (PL XIX.

figs. 3, 4; PL XXII. figs. 16, 20, 21 ; PL XXVL figs. 12-16; PL XXXL fig. 3:

1 This must be carefully rlistiuguished from the " article basal " of the ApiocrinidK, which is the uppermost

stem-joint that supports the basals.



4 THE VOYAGE OF H.M.S. CHALLENGER.

PI. XXXII. figs. 1, 2 ; PL XXXVII. figs. 5-8, 19, 21 ; PL XXXIX. figs'. 3, 5, 6 ; PL XLI.

figs. 5, 15 ; PL XLV. figs. 3, 5, 6 ; PL XLVII. figs. 1-3 ; PL L. figs. 4, 20, 21 ; PL LI.

figs. 5-8).

The external line of separation frequently disappears altogether, or is only traceable

with great difficulty, and the two joints, primitively separate, become practically fused

into one (PL XLII. fig. 1 ; PI. L. fig. 3). I cannot find any mention of this peculiarity

in the classical memoir of Johannes MtlUer,' who spoke of the successive unions of

the stem-joints indifierently as " Nathe oder Gelenke." So far as I can make out, it

was first noticed by Sir Wyville Thomson in Pentcmrinus decorus;^ and Liitken^

subsequently described it in more detail in Pentacrinus asteria and Pentacrinus miilleri.

Quenstedt* also noticed it in the fossil species Peiitacrimis scalaris and Pentacrimis

jurensis.

An essentially similar mode of union between certain of the ann-joiuts was spoken

of by Miiller as a " syzygy," and described as an immovable sutural union. The name

syzygy has since been applied to the sutural union of the nodal stem-joints with those

next below them ; and MiiUer's terms " hypozygal " and " epizygal " for the two arm-

joints which are united by syzygy (PL XII. figs. 7, 10, 18, 21 ; PL XXXa. figs. 9, 10, 12
;

PL XXXII. figs. 4, 9, 15, 18) may be conveniently applied in the case of the stem-joints

also.

In all the recent Comatulse the apposed faces of the two portions of a syzygial joint

are marked by a series of slightly elevated ridges with alternating furrows, which radiate

from the opening of the central canal towards the dorsal margin of the joint. In

Actinometra typica these ridges are frequently not perfectly continuous ; but they are

broken up into a row of little elevations, squarish or oblong in shape, and arranged with

their longer axes radiating outwards from the central canal. On some joints these are

not very numerous, and as their terminal faces are marked by median vertical lines, they

have been wrongly described as surfaces efi"ecting a ligamentous articulation oT the

bifascial type, such as will be described immediately."

The radiating arrangement is usually much less marked in the Pentacrinidse than in

the Comatulfe, the striation being frequently only visible at the extreme marginal

portions of the syzygial surfaces (PL XII. figs. 7, 10, 18, 21 ; PL XXI. figs. \d, 2d,

5a ; PL XXX. figs. 20, 21) as figured by Miiller in Pentacriiius asteria,'^ while in

some cases it appears to be absent altogether, the apposed faces being perfectly smooth

1 Ueber den Bau des Pentacrinus caput-Medusae, Abhandl. d. k. Akad. d. Wiss. Berlin, 1843.

2 Sea Lilies, Tlie Intellectual Observer, No. 31, August 1864, p. 7.

s Om Vestindiens Pentacriner, med nogle Bemaerkninger om Pentacriner og Solilier i Almindelighed, I'idensh.

Meddel.f. d. nat. Foren. i Kj^benhavn, 1864, Nos. 13-16, pp. 198, 199.

* Petrefactenkunde Deutschlands, Bd. iv., Asteriden und Encriniden, pp. 196, 230, Taf. 98, figs. 2, 3, 107.

^ See Lov^n, Phanogenia, ett hittills okandt sliigte af fria Crinoideer, Ufversirjt h. Vetensk.-Akad. Forhandl.,

Arg. xxiii.. No. 9, p. 2.30, fig. c; and also P. H. Carpenter, The Comatute of the Leyden JIuseum, Notes from the Leyden

Museum, vol. iii. pp. 197-199. « Op. cit., Taf. ii. fig. 4.
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(PL XXVL figs. 5, 8 ; PI. XXXVII. figs. 3, 4 ; PL L. figs. 6, 7, 12, 13) like the apposed

surfaces of the radials aud basals respectively (PL XX. figs. 2, 3, 6, 9). This is also the

case in Rhizocrinus, which presents another peculiarity as well. Near the dorsal edge of

the upper face of the hypozygal there is a more or less well-marked pit (PL X. figs. 1,6,

8, 18), and a corresponding peg-like process projects from the under face of the epizygal

(PL X. figs. 17, 19), so that closeness of union is effected in this way instead of by the

usual radiating ridges.

Another arrangement which effects a somewhat closer syzygial union than usual,

presents itself in the arms of Pentacrinus naresicmus (PL XXX. figs. 20, 21, 23 ;

PL XXXa. figs. 9, 10, 12) and oi Pentacrmus blakei (PL XXXII. figs. 4, 5, 7, 9, 12, 14).

The apposed surfaces are not flat or slightly curved, but the proximal face of the epizygal

rises to a sharp crest which is interrupted by the central canal, and fits into a correspond-

ing re-entering angle on the distal face of the hypozygal, so that the two joints interlock

very closely. This peculiarity is very apparent in a side view of the arm (PL XXX.

fig. 23) ; but when seen from the dorsal side, the distal edge of the hypozygal appears to

be very convex and to project strongly forward into the epizygal (PL XXX. fig. 1

;

PL XXXI. fig. 2).

Very different modes of articulation occur in the Crinoid skeleton, so that the amount

of play between two successive joints varies considerably. It is probably at a minimum

in the stem of Hyocrinus (PL VI. fig. 2). We do not know the nature of the basal part of

the stem ; but the lower joints of the fragment, 170 mm. in length, which was obtained,

are cylindrical, with their terminal faces devoid of any fossEe, but marked by a radiating

pattern of grooves and ridges. This, however, is sometimes absent, as shown in

PL Vc. fig. 4. Sir Wyville Thomson spoke of the joints as united by a close syzygial

suture ;
^ but the ligamentous fibres which effect their union (PL Vc. tig. 5, Is) are

longer than I have ever seen them in any real syzygy, and ratlier resemble those which

unite the successive pinnule joints of other Crinoids when muscles are absent. They are

all of the same length and not longer in the centre than at the periphery, as they are

between the deeply hollowed stem-joints of the Bourgueticrinidse (PL Vila. figs. 8-1 1 ;

PL X. figs. 11-14). But I should hardly describe this mode of union as a syzygy

(or suture) ; for there must have been some amount of play between the successive

joints, and a syzygy was described by Miiller as an immovable sutural union of two

joints.^

Next to Hyocrinus, the Pentacrinidse have the most closely united stem-joints. In

this family each internode of the stem contains five oval bands of elastic fibres (PL XXIV.

figs. 1, 3-5, Is). They run through all the joints between the hypozygal of one syzygy

aud the epizygal of the next below it, which is the true nodal joint. Muller^ and Wyville

1 Notice of new living Crinoids belonging to the Apiocriniila;, Journ. Linn. Soc. Land. (Zool.), vol. xiii. p. 52, 1876.

2 Op. cit., p. 39. 2 Op. cit, p. 17.
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Thomson^ described tliem as extending from end to end of the stem ; but this is not

strictly true. At the top of the stem where the young nodal joints are very close

together and of no great thickness (PL XIII. fig. 1 ; PL XV. fig. 1 ; PL XXXI. fig. 2
;

PL XXXVII. figs. 1,2; PL XXXIX. fig. 1 ; PL XLIII. fig. 2 ; PI XLIX. fig. 2), these

bands of ligament are, no doubt, directly continuous from their attachment to the basals

above, through more or fewer of the last-formed nodes and internodes. But this is

certainly not the case in the lower parts of the stem. For after it has been decalcified

the nodal and infra-nodal joints which form the syzygies are just as readily separable

from one another as they are after the animal matter has been removed by the action of

hot alkalies. This would obviously be impossible if the fibrous bands passed right through

the joints "from one end of the stem to the other;" while, as a matter of fact, their

terminations in the substance of the nodal or infra-nodal joints may be readily traced by

microscopic examination. They correspond to the five radiating petaloid figaires which

are so well known on the surfaces of the stem-joints of the Pentacrinidse (PL XV. fig. 5
;

PL XXVI. figs. 17, 18 ; PL XXX. figs. 28-30 ; PL XXXa. fig. 7 ; PL XXXIX. figs. 4-10;

PL XLI. figs. 2, 3, 6, 7, 16, 17; PL XLVII. figs. 3-5, 7-9); and they are characterised

liy a somewhat looser calcareous reticulation than exists in the remaining portions of the

joint (PL XXIII. fig. 3). The apposed faces are more or less cut up into ridges with

intervening furrows ; and the ridges on the lower face of the one joint correspond to the

furrows on the upper face of that below it. (PL XV. figs. 1, 2; PL XIX. figs. 2-5;

PL XXVII. fig. 1 ; PL XXXVL ; PL XLI. figs. 1, 5 ; PL XLVIL figs. 1, 2, 6 ; PL XLIX.

fig. 3). Hence, while the composition of the stem out of a large number of discoidal

joints gives it a certain amount of motion, that motion is very limited ; and it is probably

only of a jDassive character, due to currents in the water, &c., and independent of the will

of the animal. In this respect it difters from the rays and their subdivisions, the joints

of which are united by pairs of muscular bundles (PL Vc. fig. 2, m. ; PL Vllb. figs. 1, 5 ;

PL Villa, fig. 7, rm.; PL XXXIX. fig. 13; PL XLI. fig. 11); and the contractions

of these bundles are governed by an influence proceeding outwards from the fil^rillar

envelope round the chambered organ in the calyx (PL Vllb. figs. 1, 2 ; PL XXIV.

figs. 6-8
; PL LVIII. figs. 1, 3

—

ch) along the axial cords of the rays and arms

(PL Vc. fig. 2. PL Vllb. figs. 1, 5-8 ; PL Villa, figs. 5, 7, 8 ; PL XXIV. fig. 9—.4.

PL LXIL).

Although there are no true articular surfaces on the stem-joints of the Pentacrinidse

in the sense in which that term is employed in anatomy, yet this is by no means the

case in the Bourgueticrinidge. In all the members of this famUy there are true

articulations between the successive stem-joints, of the same nature as those between the

cirrus-joints of aU Crinoids, and between the two outer radials of most Comatulse and of

some species of Pentacrinus. But they are efi'ected only through the agency of

1 Sea Lilies, p. 3.
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ligamentous bundles, muscles being confined exclusively to the rays and their sub-

divisions.

This ligamentous articulation of the successive cirrus-joints and of the stem-joints of

tiie Bourgueticrinidaj is of a very simple nature. There is an articular surface around

the opening of the central canal with a more or less marked fossa on either side of it

(PI. Vila. figs. 7-11). The fossae lodge the elastic inter-articular ligaments, which are of

precisely the same nature as the tendinous cords in the stem of Pentacrimis ; but they

differ from these cords in being confined to the intervals between the elongated joints

without traversing their substance (PI. Vila. fig. 1, Is).

The two ligaments may be of unequal size, as in the middle and outer portions of the

cirri, whereby the prehensile power of these organs is much increased ; or they may be of

equal bulk, as in the lower portions of the cirri and between the stem-joints generally.

In the former, however, the long axes of the terminal faces of any joint lie in the same
plane ; but in the stem-joints of the Bourgueticrinidss this is by no means the case, for

the long axes of the terminal faces cross one another at various angles (PI. Villa, figs. 2, 3 ;

PI. IX. fig. 3). The outline of the interarticular ligaments of the middle and lower

parts of the stem, as seen in optical or in longitudinal section, has a diamond shape with

somewhat extended lateral angles. This is, of course, due to the fact that the fibres are

longest in the centre of the stem, immediately around the vascular axis, and shortest

towards the periphery where the fossas are shallowest (PI. VII. figs. 12, 13; PI. Vila,

figs. 7-11 ; PI. X. figs. 11-14).

But there are no fibres at all in the middle half of each joint, which is composed of

the usual limestone network. Towards the upper part, however, the fibres (PI. Vila,

fig. l) become relatively shorter in the centre but longer and longer towards the

periphery, and their ends approach more and more nearly to the middle planes of the two

joints which they unite. By the time the joints become cylindrical and then discoidal

immediately below the cup, the fibres are continuous through their whole length

(PI. Vllb.), as is the case in the upper stem-joints of Pentaainus (PI. LVIII.

fig. 3, Is).

The articular surface which surrounds the opening of the central canal varies

considerably in its character. In many cirrus-joints it is merely an expansion of the

thickened rim of the opening, but does not extend across the joint face. Quenstedt

figures a stem-joint of this kind from the Msestricht chalk. ^ It is nominally referred to

Bourgueticrinus ellipticus, but I have seen no recent ones like it. In other cii-rus-joints

and in the stem-joints of the Bourgueticrinidfe the articular surface takes the form of a

more or less well-marked ridge, which lies either across or in the direction of tlie long

axis of the oval joint-face, and is pierced in the middle by the opening of the central

' Euuriniden, Tab. 104, fi". 70.
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canal ; while tlie fossge for the attachment of the ligaments are on either side of it

(PL Vila. figs. 7-11 ; PL X. figs. 11-14).

A similar mode of articulation occurs between the two outer radials of most Comatulte

and of a few species of Pentacrinus (PL XXX. figs. 11, 12 ; PL XXXIL figs. 16, 17
;

PL XXXIV. figs. 3, 6), as weU as in the fossil Extracrinus, Ajnocrmiis, and Millericrinus.

It is likewise very common between the first two joints after the radial and every other

successive axillary, in those species which have branching arms ; and also between some

of the lowest pinnule joints. It has often been incorrectly described as a syzygy or a

modified syzygy, though clearly distinguished therefrom by Miiller^ and by Dr.

Carpenter.^ Each of the two apposed faces is divided into two lateral halves by a

vertical ridge pierced by the opening of the central canal, around which it is more promi-

nent than at its ends. These fossae lodge the strong interarticular ligaments, and no

muscular bundles are interposed between the two joints. They are only capable of

lateral movement upon one another, and cannot take part in any movements of flexion or

extension, in which they act as a single segment only.

A peculiar modification of this bifascial articulation, as it may be called, occurs in

Bathycrinus. It is naturally best seen between the two outer radials (PL Vila. fig. 16)

and the two lowest brachials, on account of their larger size ; but it may be traced all

through the arms (PL Vila. figs. 20, 22). It was wrongly described as a syzygy by

Sir Wyville Thomson in Bathycrinus aldrichiamis,^ and also by Danielssen and Koren

in Bathya'inus carpenteri} The vertical articular ridge is relatively large, and the two

fossas at its sides small in proportion (PL Vila. figs. 16, 20, 22, W). But at its lower

end is a small though tolerably deep pit (Id'), which lodges a bundle of closely set liga-

ment-fibres corresponding to those forming the dorsal ligament in an ordinary muscular

joint (PL Vllb. fig. 5, Id). This bundle probably enables the two joints to take a

larger share in the movements of flexion and extension than is possible in the bifascial

articulations of the other Crinoids. The three ligaments, viz., the two lateral ones

[li) and the median one on the dorsal side {Id) are aU seen in section in PL Vllb.

fig. 8.

A side view of a decalcified arm shows that there is a greater length of ligament

between the two joints united in this way than there is between two joints which are

united by syzj^gy in the much larger arm of a Pentacrinus ; and though its length is Ijut

little greater than that of the fibres forming the syzygies in the arms of Rhizocrinus

raivsoni, yet the latter are less numerous than in the trifascial articulation of Bathycrinus,

especially on the upper (ventral) side of the central canal.

In all the four species of Bathycrinus which are considered in this Report, a trifascial

articulation, like that between the two outer radials, occurs between the first and second,

1 0}). cit., pp. 26, 30. 2 02). af.,pp. 715, 716. ^ Joum. Linn. Soc. Lond. (Zool.), vol. xiii. p. 50, 187G.

^ Ilycrinus carpenterii, Nyt Magazinfor Naturvidenskaberne, Bd. xxiii. pp. 6-8 (of separate coj)}-).
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the fourth and fifth, and the seventh and eighth brachials (PL VII. fig. 2). The third

brachial is articulated by muscles and ligaments to those before and behind it, as are

also the sixth and ninth brachials. Beyond this point trifascial and muscular articula-

tions alternate with one another throughout the arm. But those brachials which are

united to their successors trifascially bear no pinnules as the remaining joints do ; and

in this respect they lose their morphological value as arm-joints, just as the hypozygal

of a syzygium does. From this point of view, therefore, the description of the trifascial

articulations as syzygia is perfectly correct. But they do not correspond to Miiller's

definition of a syzygy as an immovable sutural union of two joints. They occupy a

curiously intermediate position between a bifascial articulation and a syzygy proper ; for

they resemble the former in the movement of the joints upon one another, and the latter

in their occurring throughout the whole length of the arms, and in the absence of a

pinnule on the lower joint of every pair so united. They correspond exactly in their

distribution to the syzygies of Rhizocrinus, which come nearest to them in character,

being perfectly plain and simple, and not marked with radiating ridges as in the

Comatulse and some Pentacrinidse. But the trifascial articulation must not be

confounded with the peg and socket form of syzygy which is met with in Rhizocrinus

(PL X. figs. 1, 6, 8, 17, 18). In both cases there is a pit near the dorsal edge of

one of the apposed faces ; Ijut in Bathjcrinus this lodges a ligament (PL Vllb. fig. 8, Id)

which is attached in a corresponding pit in the other face (PL Vila. figs. 16, 22, Id') ;

while in Rhizocrinus this other face bears a peg-like process (PL X. fig. 17) which fits

into the pit, and thus checks rather than facilitates motion.

It is noteworthy that there seems to have been a trifascial articulation between the

two outer radials of the fossil A'piocrinus insignis, d'Orbigny, for the articular face of

the second radial is described by de LorioP as presenting " un bourrelet vertical large,

epais et bifurqud prfes du bord externe." The fork of this ridge at its dorsal end gives

the joint-face an altogether different appearance from the corresponding part in

Apiocnnus j^cirJcmsoni, and it is difficult to see what can have been lodged in the

fossa between the two limbs of the fork, except a third ligamentous bundle such as

occurs in Bathycrinus.

In all the Neocrinoidea muscular articulations occur between the first and second

radials, between every axillary and the two joints which it bears, and between most

of the following arm-joints (PL III.; PL Vila. figs. 15, 17, 18, 19, 21,23; PL X.

figs. 1-4; PL XII. figs. 3-6, 8, 9, 12, 19, 20, 23; PL XXL figs, lo, Ih, 2a, 2b,

3b, 4&, 4c, 5c, ed, &c.). When the arms divide and the axillaries are simple, they may

be united by muscles to the preceding joints in Pentacrinus and Metacrinus (PL XII.

fie. 3) ; thouffh this is never the case in the Comatulaj. But if the axillaries are

syzygial joints, there is always a muscular articulation below the hypozygal. JNo

1 Paleontologie Fran^aise. Terrain Jiirassique, t. xi. Crinoides, p. 309, pi. Ivi. fig. 2e.

(ZOOL. CHALL. EXP.—PABT XXXII.—1884.) ^^ "
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muscles are ever found between the second and axillary radials of any Neocrinoid except

Eudcsicrinus (p. 215), nor (except in Metacrinus) between the first and second brachials,

unless the latter be a syzygial joint. In the aberrant Metacrinus, however, the second

radial is a syzygial joint (PI. XII. figs. 7-10) and the axillary is usually either the fourth or

the sixth radial (PI. XII. figs. 3, 4; PI. XXXIX. fig. 1; Pis. XLIL, XLIIL, XLV., XLVL,
XLVIII.-LI. ) ; and there is usually a syzygy in the third j oint after each successive axillary,

just as in the free arms of most Comatulfe. But the first two joints are united by muscles

instead of by ligaments, as in the Comatulse ; and I have not met with any instances of

bifascial articulation in the .arms of this genus, which have nothing but syzygies and

muscular unions like the arms of Actinometra Solaris or Actinometra typica.

Each pinnule has a muscular attachment to the arm-joint which bears it (PI. Vc.

fig. 2, m; PI. Vila. fig. 21; PL XVII. fig. 1; PL XXXa. figs. 10a, 12«; PL XLI.

fig. 11 ; PL XLVII. figs. 11, 12) ; while in Metacrinus and some tropical Comatulse the

lower joints of the pinnules are united by muscles instead of by ligaments or suture

only (PL XIII. fig. 12).

The articular face of a joint which is connected with its successor by muscular

bundles presents a variety of fossa; separated by intervening ridges, that are frequently

somewhat ill defined (PL Vila. figs. 15, 17, 18, 19, 21, 23; PL X. figs. 1-4; PL XIL

figs. 3-6, 8, 9, 12, 15, 19, 20, 23; PL XXL figs. la. ih, 2a, 2b, 3h, 4&, 5c, 6d, &c.).

Beneath its upper and lateral edges lie the two fossae in which the muscular bundles are

attached (PL Vila. fig. 15, rni'). They are sometimes separated by a vertical ridge as

on the first radials of Antedon phalangium, Antedon eschrichti, and of most species of

Antedon and Promachocrinus ; and sometimes by a gi-oove which may extend down-

wards to the articular rim around the opening of the central canal, as in the first radials

of Antedon rosacea and most species of Actinometra and Pentacrinus (PL XXI. fig. Q,d).

In these last types the fossse are comparatively small ; but in Promachocrinus and in

most species of Antedon they occupy nearly or quite half of the articular face, as in

Bathycrinus aldi^ichianus (PL Vila. fig. 15, rm' ; PL Vllb. fig. 5, rm). Below the

muscular fossae, and separated from them by more or less distinct ridges, are those

lodging the interartieular ligaments (PL Vila. fig. 15, W ; PL Vllb. fig. 5, and

PL Villa, fig. 7, //). They are bounded below by the transverse articular ridge, which is

pierced by the opening of the central canal. This is usually surrounded by a more or

less prominent rim, from which the ridges start that separate the muscular fossae from

the ligamentous ones and from one another. All these characters are much less distinct

in the Pentacrinidte than in the Comatulse.

Beneath the transverse ridge, and bounded below by the curved edge of the articular

face is a large fossa extending right across the face and lodging the dorsal elastic

ligament (PL Vila. fig. 15, Id'; PL Vllb. fig. 5, and PL Villa, fig. 1,ld). As a

general rule this ligament is chiefly concentrated in a small, more or less oval pit situated
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immediately beneath the articular ridge (PL X. figs. 1-4 ; PI. XX. fig. 7 ; PI. XXXa.
fig. Ua; PI. XXXII. figs. 6, 8-11, 15), and corresponding to the single pit which

lodges the third ligamentous bundle in the trifascial articulations of Bathycrinus

(PI. Vila. figs. 16, 20, 22, Id'). In Millericrinus, and more especially in Apiocrimis, the

portion of the dorsal fossa outside this central pit is enormously expanded ; and the true

articular sui-face becomes relatively insignificant.

The pairs of fossas are symmetrical on the two sides of each articular face in the

first and second radials (PI. Vila. fig. 15; PI. XII. figs. 20, 23; PI. XXI. figs. 5c, Qd);

but in the ordinary arm-joints, which have more or less oblique terminal faces and bear

pinnules at their sides (PI. Vila. fig. 21 ; PL XXI. figs. Ah, 4c), there is a disturbance

of the symmetrical arrangement of ridges and fossse which is so very evident in the

calyx of all Neocrinoids (PL Vllb. fig. 5 ; PL Villa, fig. 7 ; PL X. figs. 1,4; PL XII.

fig. 15; PL XVIII. fig. 4; PL XXX. fig. 3; PL XXXIV. fig. 7), with the exception of

Holopus and its allies (PL III. figs. 1, 2 ; PL V. fig. 1).
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II.—THE STEM AND ITS APPENDAGES.

We have already seen that three types of stem occur in the recent Crinoids, which

are characteristic respectively of the families Pentacrinidse, Bourgueticrinidse, and

Hyocrinida3. Broadly speaking, it may be said that these embrace all the varieties of

stem which are met with in the Neocriuoidea. For the mode of union of the joints in

Apiocrinus, Millericrhms, and Eugemacrinus must have been very much what it is in

Hyocrinus; though the "root" of the first-named genus is somewhat peculiar in its

nature.

A. PENTAORINIDiE.

In all the genera of this family the stem consists of discoidal joints which are never

(in the adult) higher than wide, and have the characteristic petaloid markings on their

terminal faces (Pis. XL, XIV.; Pis. XV. figs. 4, 5; Pis. XIX., XXII; PI. XXVI.
figs. 12-18; Pis. XXVIII, XXIX; PL XXX. figs. 25-30; PL XXXa. figs. 1-7;

PL XXXVIL figs. 10-22; PL XXXIX. figs. 3-11; PL XLL figs. 1-5, 6-8, 15-17;

PL XLVII. figs. 1-9). Certain of these joints, separated from each other by intervals of

variable length, bear whorls of cirri, and they have consequently received from Sir

WyvUle Thomson^ the very appropriate name of "nodal joints." There are usually five

cirri at each node, situated in the dii-ection of the rays (Pis. XL, XVIII. , XIX., XXXIV.-
XXXVL, XL., XLII.-XLVL, XLVIII.-LIL). Sometimes, however, one cirrus is

deficient, as shown in the left hand figure on PL XXXVI. ; while in Pentdcrinus

alternicirrus there are only three cirri at one node, and two at each of those above and

below it, the positions of these two corresponding to the two gaps at the node of three

cirri (PL XXV.; PL XXVI. figs. 13, 14 ; PI XXVII. figs. 1-3). The cii'ri of two

successive nodes therefore alternate in position as the leaves do in the stem of a Labiate

plant, the two faces of the stem which bear no cirri at one node being the only ones which

have cirri at the nodes above and below it.

The function of the cirri, which vary considerably both in length and in stoutness, is

described by A. Agassiz ^ as follows :
—" These they move more rapidly than the arms, and

use them as hooks to catch hold of neighbouring objects, and on account of their sharp

1 Sea Lilies, p. 7.

2 Letter No. 3, on the dredging operations of the U. S. Coast Survey, Sr. " Blake," from December 1878 to March
10, 1879, Bull. Mm. Comp. Zool. vol. v. No. 14, )>. 296.
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extremities they are well adapted to retain their hold. The stem itself passes slowly

from a rigid vertical attitude to a curved or even drooping position."

The shape of the nodal joints is markedly different from that of the internodal joints

which separate them. They are not only somewhat higher (PI. XIX. figs. 3, 4

;

PI. XXVI. fig. 12; PI. XXVII. fig. 1; Pis. XXXV., XXXVI. ; PL XXXIX. fig. 3;

PI. XLI. figs. 1, 5, 15 ; PL XLIL; PL XLV. fig. 6 ; PL XLVII. figs. 1, 2), but the outline

of the upper non-syzygial face is different from that of an internodal joint. (Compare

PL XXXIX. figs. 4, 8 ; PL XLI. figs. 2, 3, 6, 7, 16, 17 ; PL XLV. figs. 2, 4 ; PL XLVII.

figs. 4, 5, 8, 9 ; PL LI. figs. 9, 10 ; PL LIII. figs. 3, 4.) In the recent Pentacrinus and

Metacrinus every nodal joint is united by syzygy to the top joint of the next internode

below. I propose to give the name "infra-nodal" to this joint, which is really the

Vpozygal of the syzygial pair- (PL XXII. figs. 19-22 ; PI. XXVI. figs. 12-16 ; PL XXX.
figs. 26-29 ; PL XXXVII. figs. 5-8, 19-22 ; PL XXXIX. figs. 3-7

; PI. XLV. figs. 3-5
;

PL XLVII. figs. 3, 7 ; PL L. figs. 19-22 ; PL LIII. figs. 3, 5). The apposed faces of

these two joints are much more distinctly stellate than are those of the remaining stem-

joints, the re-entering angles of the star being the points of attachment of the cirri,

and the syzygial surfaces of the mature joints are almost smooth and devoid of any

markino-s whatever.

The syzygial union of two stem-joints is effected, just as it is in the rays and arms,

by short fibrils of connective tissue, very numerous and closely set. They form a kind

of " cement substance," as it was formerly called, which is connected at its ends with the

organic basis interpenetrating the calcareous network of the stem-joints, just as the

" cement-substance " of the arm-syzygies is connected with the organic basis of the

brachials. But these fibrils are absolutely distinct from those of the five long ligamentous

bundles which occupy the internodes. The latter are often spoken of as tendons, and

have been wrongly described as extending throughout the whole length of the stem.

Were this really the case, it is difficult to see how the stem could break across at the

syzygies so easily as it does ; for there would be no reason why the five tendons should

be weaker at these points than at an3nvhere else in the internodes, while the loose ends

of the tendons should appear at the surfaces of fracture, just as they do where an inter-

node is forcibly broken across. But this is not the case : when the stem is decalcified the

joints separate very readily along the lines of syz5^gy, and it is then apparent that the

five tendons run from the lower portion of each iufra-uodal joint down into the upj)er

portion of the next nodal joint below it. They end within these two joints, just as do

the ligaments which connect two brachials, terminating either in looped extremities or

else passing into the connective tissue plexus which forms the substance of aU the joints

whether of arm or stem.

The various internodal joints are, as it were, strung upon these tendons, which are

thus not continuous, but divided up into lengths, each corresponding to an internode
;
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and there is no more direct communication between the fibres forming one of the tendons

that ends in a nodal joint and the fibres of the syzygy between that joint and the

infra-nodal, than there is between the ligaments uniting the second radials of Pentacrinus

unjvllle-tliomsoni to the first (PI. XXIV. figs. 8, 9, Id), and the fibrils of the syzygy

between the second and third radials. In both cases the two sets of fibres are separated

by the organic basis of a joint of the skeleton ; in the one of the ray, and in the other of

the stem.

The amount of increase in the size of the nodal joint varies considerably in the

different species. They are not specially prominent in Pentacrinus asteria (PI. XIII.

figs. 4, 8), Pentacrinus mulleri (PI. XV. fig. 4), Pentacrinus hlaJcei (PL XXXI. fig. 3),

or in Pentacrinus naresianus (PL XXVIII. fig. 2 ; PL XXXa. fig. 6). In Pentacrinus

decorus, on the other hand (PL XXXVL), the joint expands considerably from its upper

edge down to the top of each cirrus-socket, and then narrows again ; while in Pentacrinus

u'yville-thomsoni (PL XIX. figs. 3, 4) the sockets are very prominent, and the joint is

widest near its lower edge. In the genus Metacrinus, however, the cirrus-sockets are by

no means specially prominent (PL XXXIX. fig. 3 ; PL XLI. figs. 1, 5, 15 ; PL XLVII.

figs. 1, 2 ; PL XLIX. fig. 3 ; PL LI. figs. 6-8 ; PL LII. fig. 2 ; PL LIII. fig. 6).

In Pentacrinus asteria (PL XIII. figs. 4, 8) and Pentacrinus mulleri (PL XV. fig. 4),

the sockets are usually more or less transversely oval in shape and well defined below, so

as to be almost or entirely limited to the nodal joint. In Pentaoinus decorus, however,

the articular surface occupies the broad end of a pear-shaped depression, which is con-

tinued down on to the infra-nodal joint (PL XXXVL), and thus gives it a distinctly

stellate outline even when seen from beneath (PL XXXVII. figs. 10, 20); while the

ordinary internodal joint has a rounded or pentagonal outline. The lowest internodal or

" supra-nodal" joint of this species is in no way different from the other internodal joints

above it ; while the infra-nodal is hollowed laterally by the downward extensions of the

cirrus-sockets(Pl. XXXVL ; PL XXXVII. figs. 8, 19). In Pentacrinus wyville-tliomsoni,

however, the lower edge of the socket projects outwards beyond the level of the infra-

nodal (PL XIX. figs. 3, 4). This joint is but little different from those below it, except

just at its upper edge where it meets the enlarged surface of the nodal joint that rests on

it (PL XXII. figs. 21, 22). The supra-nodal joint, on the other hand (PL XXII. fig. 17),

is not so round as the remaining stem-joints (fig. 23); for it is slightly hollowed by the

upper portions of the cirrus-sockets, and thus more nearly approaches the shape of the

upper face of the nodal joint on which it rests (fig. 18).

This condition becomes still more marked in Metacrinus, which Las relatively low nodal

joints with wide and comparatively inconspicuous sockets (PL XXXIX. fig. 3 ; PL XLI.

figs. 1, 5, 15 ; PL XLVII. figs. 1, 2 ; PL LI. figs. 6-8 ; PL LII. fig. 2 ; PL LIII. fig. 6),

just as in Pentacrinus asteria and Pentacrinus mulleri (PL XIII. figs. 4, 8 ; PL XV.

fig. 4) ; but both supra- and infra-nodal joints share in the formation of the cirrus-socket,
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the re-entering angles of the former being deeper than those of an ordinary internodal
joint. (Compare PI. XXXIX. figs. 8, 9 ; PL LIII. figs, 2, 4).

The occurrence of syzygies in the stem of the PentacriuidEe has long been familiar

to palaeontologists. This is due to the fact that the stem breaks most easUy at these

points, so that stem fragments are not uncommon in the fossil state with syzygial faces

at one or both ends. This has been noticed both by Quenstedt' and by de LorioP ; but
these fragments have sometimes been figured in an inverted position, the syzygy being
represented as at the upper surface of the nodal joint, whereas it is naturally at the

under surface.

Within each nodal joint the vascular axis of the stem expands into a miniature
edition of the chambered organ in the calyx (PL XXIV. figs. 3, 4,cA.n.) ; and from each
chamber is given off" one cirrus-vessel (fig. 4, cv). This is sheathed in a very delicate

extension of the fibrillar envelope of the vascular axis {ca), and passes outwards into the

central canal of the cirrus.

The number of internodal joints varies very considerably in the diff"erent species of

Pentacrinidse. There may be only one or two as in Pentacrinus madearanus
(PL XVI.)

; or the number may reach forty-five, as in the lowest parts of the stem of

Pentacrinus loyville-thomsoni (PL XIX. fig. 1), or any lesser figure (Pis. XL, XIV.,
XXVIIL, XXXIV.-XXXVL, XXXVIII., XL., XLIL, XLIV., XLV, XLVIII.-LIII.)
These internodal joints are sometimes smooth externally (PL XL ; PL XIII. fig. 8 ; PL XIX.
figs. 1-5

; PL XXVII. fig. 1 ; PL XXVIIL fig. 2 ; PL XXXa. fig. 6 ; PL XXXI. fig. 3
;

PL XXXV. fig. 2; PL XLL figs. 5, 15; PL XLIL-XLIV. ;>!• XLVIL fig. 6); or

they may be more or less ornamented with ridges and tubercles (PL XIII. fio-. 7 ;

PL XXXV. fig. 1 ; PL XXXVL ; PL XXXVIIL; PL XXXIX. figs. 3, 8-11 ; PL XL.
\

PL XLL fig. 1; PL XLV. figs. 1, 6 ; PL XLVIL figs. 1, 2 ; PL LI. fig. 8; PL LII. fig. 2;

PL LIII. figs. 2, 4-G). The young joints formed at the top of the stem are stellate or

nearly pentagonal (PL XIIL fig. 9; PL XXIL figs. 1-12; PL XXIII; PL XXVI.
fig. 18 ; PL XXXIV. fig. 9 ; PL XXXVII. figs. 13-16), so that the upper part of the stem
is marked by five more or less prominent interradial ridges (PL XL ; PL XIIL fig. 1

;

PL XV. figs. 1, 2 ; PL XVIII. figs. 1, 2 ; PL XIX. figs. 1, (3, 7 ; PL XXXI. ; Pis. XXXV.-
XXXVII.

; PL XXXIX. fig. 1 ; PL XLIIL). In some species {oi Metacriniis especially)

this condition is retained throughout the whole length of the stem (PL XXXVIIL;
PL XXXIX. figs. 3-11

; PL XL. ; PL XLIX. figs. 1-3) ; l)ut in others the joints graduaUy
become more rounded, or at any rate pentagonal, as new ones are formed successively

above them (PL XL ; PI XIIL fig. 11 ; PL XIX. figs. 1, 4, 5 ; PL XXIL figs. 13, 14,

23-26; PL XXVIIL fig. 2; PL XXX. figs. 25-30; PL XXXVL; PL XLL figs. 3, 7;
PL XLVIL figs. 4, 8). A continual production of new joints goes on at the top of

1 Encriniden, pp. 19G, 2.30, Tab. 98, figs. 2, 3, 107.

- Monoginpliie des Ciiuoides Ibssilesde la Suisse, Mim. Soc. Pal. Suisse, 1877-79, pji. 122, 144.



16 THE VOYAGE OF H.M.S. CHALLENGER.

the stem immediately beneath the calyx, what appears to be the top stem-joint in a side

view having one or two more smaller joints resting in its upper surface but not reaching

the exterior as shown in PI. XXXIV. fig. 9.

The top stem-joint—for the time being—of a specimen of Pentacrinus tvyville-

thomsoni is shown in PI. XXII. fig. 2. Resting on its upper surface is a smaller stellate

plate without any markings whatever, which in its turn would appear as the top stem-

joint until it was replaced by the development of another above it. As these joints are

relatively carried downwards from the calyx in succession by the appearance of younger

ones above them, they also become separated from one another by the intercalation of

new joints between them. Various stages of this process are shown in PI. XXII.

figs. 9-12, while fig. 4 shows an isolated young joint, and fig. 5 the depression in the

next joint, which lodged it. Similar intercalated joints are shown in Pis. XXII. fig. 3,

and PI. XXIII. figs. 1, 2. The result of this process is that the growing part of the stem

appears to consist of thick and thin joints alternating with one another (PI. XIII. fig. 1 ;

PI. XIV.; PL XV. figs. 1, 2; PI. XVIII. fig. 1, 2; PL XIX. fig. 2, 6, 7 ; Pis. XXV.,

XXVIII. -XXX.; XXXIV.-XXXVIL; PL XXXIX. fig. 1; PL XLIII.fig. 2; PL XLVIII.

fig. 2). The former are the older, the latter being subsequent additions. These

intercalated joints are always intemodal, and the process goes on until the number of

joints between any two nodes reaches a certain average, which is constant for each

individual species.

There are many indications that the increase in length of the stem of the fossil

Pentacrinidje was due to the same process. Quenstedt ' gives an excellent figure of a

young concealed joint superposed upon an older and larger one, very much as shown in

PL XXII. figs. 9-12; and others of his figures upon the same plate illustrate the

difi'erent stages of growth on the stem of Extracrinus suhangularis, as many as three or

four concealed joints being sometimes found intercalated between two of the larger ones.

In this species, too, with a stem which may reach 50 or 70 feet in length, the production

of nodal joints at the top of the stem must have been very rapid. According to

Quenstedt" forty or more succeed one another without any internodal joints being visible

externally, though the presence of concealed intercalated joints is revealed by the

examination of longitudinal sections of the stem. The final result of their growth was to

enormously increase the total number of internodal joints.

Stem-fragments have been found by Quenstedt consisting of as many as eighty joints,

all internodal, and it is impossible to say how many more there may have been ; while

he states that he finds traces of small intercalated joints in almost every part of the stem.

In most cases the new joints which have been intercalated between two older ones

eventually reach the same size as their predecessors, so that it is difficult to tell the

older from the younger joints in any mature stem. But in some species there appears to

1 Eiicrmiden, p. 298, Tab. 101, figs. 24a, 246. = Ihid., p. 297, Tab. 101, figs. 16-19.
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be a permanent inequality, large and small joints alternating all down the stem. This is

the case, for example, in the fossU Pentacrinus jaccardi and Pentctcrinus nicoleti figured

by dc Loriol,' and also to some extent in the recent Metacrimis moseleyi (Pis. XLV.,

XLVI.).

There is very little difference between the upper and the under faces of the young

nodal joints, or between either of them and the ordinary internodal joint (PL XXII.

figs. 1, 6-8, 15; PL XXXa. figs. 2, 3; PL XXXVII. figs. 14-16; PL LL figs. 2-5).

But as the joints become older and more pentagonal their diff'erences are more apparent

(PL XIIL figs. 2, 3, 5, 6, 10; PL XXII. figs. 16-18; PL XXXVIL figs. 11-13, 17, 18);

whUe in the lower part of the stem the simple syzygial nature of the under face of the

nodal joint and its loss of the denticulate petaloid markings become very distinct

(PL XV. fig. 6 ; PL XXII. figs. 19, 20 ; PL XXVI. figs. 13, 14 ; PL XXVIL figs. 2, 3 ;

PL XXX. figs. 26, 27; PL XXXVII. figs. 21, 22; PL XXXIX. figs. 4, 5; PL XLV.
figs. 4, 5 ; PL L. figs. 21, 22).

In some species of Pentacrinus, e.g., Pentacrinus ivyville-thomsoni, the lowest and

therefore the oldest stem-joints gradually lose the more or less prominent ridges which

appear on the faces of those higher up the stem, and become much more smooth and

simple in their character (PL XXII. figs, 23-26).

A similar change seems to take place in Pentacrinus asteria (PL XIIL figs. 10, 11),

and also in other species, though I have not been al^le to trace it so distinctly as in

Pentacrinus tvyville-tliomsoni. It is manifested externally by the gradual disappearance

of the crenulation of the interarticular lines, which is so very prominent in the upper and

middle parts of the stem (PL XIIL figs. 7, 8 ; PL XV. figs. 1, 2, 4 ; PL XIX. figs. 2-5
;

PL XXV. ; PL XXVIL fig. 1 ; PL XXXI. fig. 3 ; Pis. XXXV.-XXXVII. ; PL XLI.

figs. 1, 5, 15; PL XLIILfig. 1).

The amount of crenulation varies considerably in diff'ereut species, according to the

position of the large teeth bordering the outer ends of the petaloid spaces. When these

start from near the edge of the joint, as in Metacrimis cingulatus, Metacrinus nohilis, or

Metacrinus costatus (PL XLI. figs. 1-3, 5-7 ; PL XLIX. figs. 3-5), the interarticular line

is well crenulated. But there is sometimes a sort of rim outside the ends of the teeth, as

in Metacrinus murrayi and Metacrinus varians (PL XLI. figs. 15, 17 ; PL XLVII. figs.

6-9), and the external crenulation is then less marked. This outer rim is only formed

comparatively late, the teeth of a young joint starting directly from its edge, as is well

shown in Pis. XXII., XXIII. , and XXXVII.

The increase in the length of the internodes only takes place gradually, and ^:)an"

passu with the continual formation of new joints just below the calyx. Hence, in the

upper part of the stem, there is a variable number of premature internodes, those nearest

the summit being the shortest, and consisting of the smallest number of joints. The

1 Swiss Crinoids, pp. 130, 140, pi. xv. figs. 13, 36.

(ZOOL. CHALL. EXP.—PART XXXII.—1884.) li 3
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upper part of the stem is also distinguished from the more fully grown portion below it

by the presence of the " interarticular pores." These are small pore-like openings between

the successive joints which are situated in the re-entering angles between the interradial

ridges, and are therefore radial in position (PL XL ; PI. XIII. fig. 7 ; PI. XV. figs. 1,2;

PL XIX. figs. 2, 3 ; PL XXV. ; Pis. XXVIII. , XXIX., XXXIV.-XXXVIIL, XLIV.,

XLVIII. ; PL XLIX. fig. 2 ; PL L. figs. 1, 3). They are produced by the apposition of

two faint grooves radiating outwards from the centres of the contiguous joints, which are

largest at theu* central ends and shallowest towards the periphery (PL XIII. fig. 9 ; PL

XXII. figs. 8, 10, 12; PL XXXVII. figs. 10-18, 20, 22). They do not reach the central

canal of the stem ; and so there is no communication eflPected by the agency of these

pores between the internal vascular axis and the exterior. Similar openings occur in

many Comatulse, leading into spaces between the upper surface of the centro-dorsal and

the under surfaces of the radials which rest upon it ;^ but they efi"ect no communication

between the body-cavity and the external medium.

Until comparatively lately but little has been known respecting the termination of

the lower part of the Pentacriiius stem. Nearly all the specimens obtained had a

fractured stem, from which no conclusions could be drawn. From what we know of the

development of the Comatulse we may fairly assume that the young Pentacrinus

commences life attached to some foreign body by means of a terminal plate (the dorso-

central) at the base of its stem, and a calcareous expansion subsequently developed around

it. Mature individuals have been found attached in this way to telegraph cables.

Capt. E. Cole of the telegraph steamer " Investigator " has reported to Prof. Agassiz

" that he has frequently brought up the West India telegraph cable on which Pentacrini

were attached, and that they are fixed, the basal extremity of the stem spreading slightly,

somewhat after the manner of Holopus, so that it requires considerable strength to

detach them."^ The condition of the lower part of the stem fragment of Pentacrinus

naresianus, represented in PL XXXa. fig. 4, is perhaps due to this mode of attachment.

At the same time there appears to be ample evidence that a Pentacrinite may lead

the same sort of free life that a Comatula does, attaching itself temporarily by its cirri.

Sir Wyville Thomson long ago pointed out, in the case of Pentacrinus decorus," " that the

animal seems to have had the power of detaching itself " at any of the syzygies of the

stem in the same sort of way as the arms are thrown off during life, or break up after

death. He described an individual in which the stem terminated below in a worn and

rounded nodal joint, and he supposed it "to have finally parted from its attachment and

to have led a free life." He stated some years afterwards that this was the case in aU the

complete specimens which he had seen, " showing that the animal must have been for

long free from any attachment to the ground."* He then went on to describe the same
^ The Genus Actinometra, loc. cit., pp. 88-90, pi. viii. figs. 5, 7.

- Bull. Mvs. Conq). Zc'dl., voL v. No. 14, p. 296. ^ Sea Lilies, p. 7.

' Tte Depths of the Sea, pp. 442-44-3.
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condition as it occurs in Pentacrinus loyville-thomsoni .
" All the stems of mature

exam]3les of this species end inferiorly in a nodal joint surrounded by its whorl of cirri,

which curve downwards into a kind of grapjiling root. The lower surface of the terminal

joint is in all smoothed and rounded, evidently by absorption, showing that the animal

had for lona: been free. I have no doubt whatever that this character is constant in the

present species, and that the animal lives loosely rooted in the soft mud, and can

change its place at pleasure by swimming with its pinnated arms ; that it is, in fact,

intermediate in this respect between the free genus Antedon and the permanently fixed

Crinoids."

Many other sjaecies of Pentacrinus and some of Metacrinus exhibit the same condition.

It is best seen in Pentacrinus wyville-tJiomsoni, in which the nodal joint sometimes loses

its ordinary characters altogether, becoming much enlarged and rounded below so as to

be almost hemispherical in appearance (PI. XXII. fig. 27).^ In other cases, however, it

retains its petaloid form and more or less of the smaU amount of sculpture which is

usually found upon its lower face ; and a small rounded tubercle appears in the centre of

the latter closing up the opening of its central canal. This is the usual condition of other

species of Pentacrinus {e.g., Pentacrinus asteria, PL XL) and of Metacrinus; and

the analogy between it and the condition of a young Comatula just detached from

its stem is very striking, as was pointed out by Sir Wyville Thomson.- In both

cases the severance takes place between a nodal joint and the top joint of the internode

below it.

The relations of the two longest stems that I have met with in this condition are

shown as follows :

—

Pentacrinus decorus, stem 48 cm. long, rounded oflfat the thirtieth node.

Metacrinus angxdatus, stem 3 8 "5 cm. long, rounded ofi" at the thirty-fifth

node.

With one exception [Pentacrinus maclearanus, PL XVI.) the three shortest of these

semi-free stems that I have examined all belong to Pentacrimis alternicirrus. A, 47 mm.

long, ends at the eleventh node; B, 49 mm., ends at the eleventh node; and C, 55 mm., ends

at the twelfth node. On the other hand, the smallest number of nodes in a semi-free stem

occurs in Pentacrinus wyville-thomsoni; one individual having a stem 90 mm. long, which

1 The unusual enlargement of the lowest nodal joint in this individual suggests the idea that the structures which

have been described by Hall under the name of ^»!ci/roc?-inits(Fifteenth Annual Report, New York State Cabinet of Natural

History, 1862, pp. 89, 90) may be the detached stems of a Pateocrinoid in the semi-free condition. According to Hall they

"have the form of a bulb or tliickened column, i\-ith lateral ascending processes and a central ascending column of greater

or less length ; " and he suggests that they "indicate the existence of a free floating Crinoid with the thickened bulb below

serving as a balance for the column and body above. The articulating scar on the lower extremity of the smaller ones

indicates that the animal was fixed in its young state." The four lateral spine-like processes may very well have been

cirri, the jointed structure of which has become obliterated by a calcareous overgrowth, just as in the lower part of the

tetramerous stem.

« Sea Lilies, p 10.
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ends at the sixth node. This is due to the great length of the iuternodes in this species

(PL XVIII. fig. 3 ; PI. XIX. fig. 1).

Pentacrinus maclearanus presents exactly the opposite type of structure. There are

only twelve nodes in the stem of the solitary individual obtained (PI. XVI.). But these

all occur in a stem barely 40 mm. long, as there are never more than two, and generally

only one internodal joint ; while the cirri cluster thickly round the stem, so that it has

an appearance more like that of Extracrinus hriareus than is commonly met with in the

Pentacrinidae. It is noteworthy that in the last-named species the stem does not seem

to have reached any great length, and that it sometimes tapered downwards.^

This peculiarity was also noticed by MM. Eudes-Deslongchamps in some stems

belonging to a large colony of Pentacrinites which they discovered in the Great Oohte

of Sobers, near Caen ;
^ while it is very characteristic of Millericrinus pratti from the

same horizon in Gloucestershire ;
^ and also of the Carboniferous Woodocrinus, certain

Blastoids, and of the Silurian Glijptocystites, Pleurocystites, and other forms. The most

remarkable instance of this in a fossil Crinoid, however, is that of the Lower Silurian

Gly2Jtocrinus schafferi of S. A. MiUer,* for which he has recently established the new

genus Pycnocrinus. In one specimen found by Miller the lower part of the stem was

" wound around a Crinoid column of a distinct species, almost as neat as a thread can be

wound upon a spool. The column gradually tapers as it coils, until it becomes so small

as to be scarcely visible to the naked eye, the larger plates of the column which give it

that banded appearance, or make it resemble a string of small spools, gradually diminish,

and before the column terminates it becomes as smooth as a silken thread."

Two other species from the same locality at Cincinnati, Lichenocrinus duhius and

Dendrocrinus navigiolum, were also found by Miller to have tapering stems. In the

case of the former he infers that " the column was free and used to direct and guide

the course of the animal through the water, and perform such other functions as were

performed by the columns of other floating Crinoids, except that it was never used

for purposes of attachment." One must not, however, conclude at once, from the

tapering condition of the stem in a fossil Crinoid, that the animal was free in its habits.

In a young Eucalyptocrinus crassus, for example, which is figured by Hall,' the stem

tapers downwards very considerably, but is attached below by a spreading root.

I have found a tapering stem in certain individuals belonging to six species of

recent Pentacrinidse, but it appears to be the exception rather than the rule, and is

therefore entirely devoid of any systematic value.

1 Encrhiiden, p. 271.

2 Etudes sur les etages Jurassiques inferieurs de la Normandie, Paris, 1864, p. 232.

3 On some new or little knowai Jurassic Crinoids, Quart. Joiirn. Gcol. Soc, vol. xsiviii. [ip. 31-33, pi. i. figs. 6-8,

10-14.

• Description of four new Species and a new variety of Silurian FossUs, and remarks upon others, Journ. Cincinn.

Soc. Nat. Hist., vol. ui., 1880, pi. vii. fig. 3, p. 2 (of separate copy).

' Twenty-eighth Annual Report of the New York State Museum of Natural History, Albany, 1879, pi. xviL fig. 5.
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In one example of Pentacrinus alternicirrus, which has a stem only 55 mm. in

length, and rounded oflf at the twelfth node, the width diminishes gradually from above

downwards, though not to any very great extent. The same is the case in another

specimen with a stem 47 mm. long and rounded off at the eleventh node. In other

examples of the same type, however, the width of the stem remains uniform or even

increases slightly from above downwards. In a large specimen of Pentacrinus naresianus

the width of the stem, which is 5 mm. at the eighth node, is reduced to 3 '5 mm. by the

thirtieth node, which is rounded off below.

In the young Pentacrinus ivyville-thomsoni represented in PI. XVIII. fig. 3, the stem

is 65 mm. long ; but it is not half as wide at the lowest (sixth) node as it is beneath the

calj^x. It was described by Sir Wyville Thomson ^ as follows :
—

" The stem is

broken off in the middle of the eighth internode from the head. The lowest complete

internode consists of fourteen joints, the next of eighteen, the next of twenty,

and the next of twenty-six joints. There are eight joints in the cirri of the

lowest whorl, ten in those of the second, twelve in those of the third, and fourteen

in those of the fourth. This is the reverse of the condition in adult specimens,

in all of which the numbers of joints in the internodes, and of joints in the cirri, decrease

regularly from below upwards. The broken internode in the young example and the

three internodes above it are all atrophied and undeveloped ; and suddenly at the third

node from the head the stem increases in thickness and looks as if it were fully

nourished. There can be no doubt that in early life the Crinoid is attached, and that

it becomes disengaged by the withering of the lower part of the stem." *

The diminution in the size of the stem is rather more gradual than is implied in

the above description, for it commences at the head and extends regularly down to

the third node, where there is a more sudden change, as there is again at the fourth,

below which the diameter decreases but slowly.

But it is in a very young individual of Pentacrinus decorus (PI. XXXV.), in fact

the youngest Pentacriuite that I have seen, that this downward tapering of the stem

and gradual diminution in the size of the cirri are most marked. The stem is a trifle

over 60 mm. in length, and has ten distinct cirrus-whorls apart from the very small

> Ou the CrinoiJs of tlie " Porcupine " Deep-Sea Dredging Expedition, Proc. Boy. Soc. Edin., vol. vii. p. 768.

Also in the Depths of the Sea, p. 445.

2 The above description requii-es a little correction. The stem in its present condition, as represented in Pi. XVIII.

fig. 3, is broken at the top of the seventh internode, which is certainly the one refen-ed to by Sir Wyville as the eighth.

But its length is at least 5 mm. greater than as stated by him ; and the number of joints in the two lowest internodes

should be given as fifteen and seventeen, not fourteen and eighteen. They are drawn correctly in the figure,

but the joints at the top of the third internode are not properly represented, as is also the case with some of the

cirri. The figures of this and of the other plates drawn for Sir Wyville Thomson had been on stone for so long

when the stalked Crinoids came into my hands after his death, that I thought it better to let any errors remain

unaltered rather than to risk spoiling the plate by correcting them. The description given of the cirri is also only

roughly accurate. Neither on the fourth whorl from the bottom nor anywhere else on the stem are there any

cirri with fourteen joints, even where the terminal claw is included ; though the regular decrease in the size of the

cirri from above downwards is very striking, as poiuted out by Sir Wyville.
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ones just beneath the calyx. Tbroughout its whole length it tapers downwards from

the calyx, rapidly at first, then more slowly and afterwards somewhat rapidly again,

till the joints are but little larger than those of the most developed cirri on its middle

part. The number of internodal joints also diminishes in this lower part of the stem

;

for while it reaches eleven or twelve in the middle of the stem, the numbers in the four

lowest internodes are respectively nine, seven, five, five ; and the remains of the cirri borne

at the intervening nodes show a corresponding diminution in size. The inferior termi-

nation of the stem is not known, as it is broken at the syzygy beneath the lowest whorl

of cirri.

The free mode of life appears to be attained in these individuals, not by actual

fracture of the stem at a node so as to shorten it more or less, but by the lower and

therefore older part remaiuing undeveloped, while new joints appear in succession above

it, each growing to a larger size than those previously formed. The stem thus becomes

slender and tapering, and but ill adapted for attaching itself below ; but its length

is not diminished so much as if it were broken at a node.

The downward tapering of the stem in some of the fossil Pehnatozoa has been

already noticed; and it is evidently a character of more general occurrence than

was suspected by Sir Wyville Thomson. Quenstedt^ contrasts the comparatively

short tapering stems of Extracrimis hriareus with the gigantic ones of Extracrinus

subangularis, which may reach the length of 50 or even of 70 feet ; and he

suggests that the former type and its allies " konnten gleichsam als eine Comatula

betrachtet werden, deren Knopf zu grosserer Lange in einer Zeit heranwuchs, wo es

noch keine eigentlichen Comateln gab." De LorioP in like manner regards it as

probable—" qu'ils avaient, a I'etat adulte, une tige court, libre, et qua I'aide de leurs

cirrhes tres nombreux et tres longs ds pouvaient nager facilement et se transporter,

rapidement peut-etre, d'un lieu a un autre ; ils avaient aussi la faculte de se fixer a

quelque objet, lorsqu'ils en avaient le desLr, au moyen des crochets dont est munic

I'extremit^ de leurs cirrhes."

I suspect, however, that the swimming was efi'ected rather with the arms than with

the cirri, which are not used for that purpose by the Comatulse, and would have to

be moved with considerable power in order to effect the locomotion of the animal.

The condition of so many recent species is a strong argument in favour of the views

formerly expressed by Buckland ^ and others regarding the possible locomotive powers

of the Liassic Pentacrinidse, though they have been somewhat discredited of late. Now
too that their recent representatives have been found so abundantly in depths of less

than 100 fathoms, instead of being exclusively abyssal types as was once supposed, the

1 Encriniden, p. 271.

2 Notice sitr le Pentacrinus de Sennecey-le-Grand, Clialon-sur-Saone, 1878, p. 12.

' Geology and Mineralogy, vol. i.'p. 437.
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possibility of theii- becoming attached to floating timber does not seem so very distant after

all. They may have been attached above by a slightly spreading base as on the modern
telegraph cables ; or, on the other hand, they may have been drifted in large numbers

by the currents after detaching themselves from their original base of attachment.

Occupying the innermost part of the stem of a Pentacrinite, and lodged mthin its

central canal, is its internal vascular axis (PI. XXIV. figs. 1-5
; PL LXIL). This

consists of five peripheral vessels arranged around a central one. The former

PI. XXIV. figs. 2-5
; PI. LVIII. fig. 3

—

ch') are downward extensions from the chambers

of the quinquelocular organ within the calyx (PL XXIV. figs. 6-8 ; PL LVIII.

figs. 1-3—c/i; PL LXIL); while the latter (PL XXIV. figs. 2-5, v.) is similarly

connected with the axial vessel or vessels of the chambered organ (PL XXIV. fio-. 6
;

PL LVIIL figs. 1-3

—

V. ; PL LXIL). This central vessel does not increase in size at

the nodes, where the peripheral vessels expand considerably, so as to form a miniature

chambered organ (PL XXIV. figs. 3, 4, ch.7i.) ; and each chamber gives off one cirrus-

vessel (fig. 4, cv.). The fibrillar sheath around the chambered organ in the calyx

(PL XXIV. figs. 6, 7 ; PL LVIII. fig. l—ca; PL LXIL) is continued down the stem,

around its vascular axis (PL XXIV. figs. 1-5, ca; PL LVIII. fig. 3; PL LXIL).

It is sometimes closely surrounded by a more or less complete ring of pigment masses,,

similar to those which occur in the surrounding tissue (PI. XXIV. figs. 2, 5, p.) ; but

in other parts of the same stem these are absent in the immediate neighbourhood of the

central axis (figs. 3, 4). Radiating extensions of the latter are frequently to be seen

(fig. 1. fig. 2, cay They proceed outwards into the organic basis of the skeleton, and then

become lost, though they probably reach the epidermis, like the similar branches from the

axial cords of the arms and pinnules, to which a nervous nature has long been attriljuted.

B. B0URGUETICKINID.E.

The type of stem which occurs in this family differs in many respects from that

characteristic of the Pentacrinidee. The joints are very variable in their relative j^ropor-

tions, instead of being uniformly discoidal ; they never form syzygial unions, but are

freely movable upon one another, and are connected by successive pairs of ligamentous

Ijundles instead of being strung, as it were, upon five tendons of variable length.

In the only two recent genera which belong to this family, Bathycrinus and

Rhizocrinus, one or more of the young upper stem-joints are simple circulai' disks, with

little or no markings of any kind upon their terminal faces (PL VII. figs. 1-3, 11
;

PL Vila. fig. 3-6
; PL Villa, fig. 1 ; PL IX. figs. 1-3 ; PL X. figs. 2, 9, 10 ; PL LIII.

figs. 7, 8). But lower down the stem the joints become first cuboidal and then elongated,

so that their length may be two or three times their diameter (PL VII. figs. 1, 10;

PL Villa, figs. 2, 3 ; PL IX. figs, 1, 3 ; PL LIII. figs. 7, 8). The younger of these

elongated joints are simply cylindrical ; but the older ones are more dice-box shaped with
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expanded ends, while the articular ridges in the long axes of the terminal faces cross one

another at various angles.

This mode of articulation is common to all the Bourgueticrinidas, though the stem-

joints are not always so long as in Rhizocrinus and Bathycrinus. It occurs also in the

curious genus TJiiolUericrinus and in the stem of the larval Comatula. Both Thiollieri-

crimis and Bourgneticrinus occur in the Jurassic rocks ; while the same kind of column as

occurs in these genera existed also in the Carboniferous Platycrinus, and according to

Messrs. Wachsmuth and Springer^ "forms one of the most characteristic features

of the genus."

There is a considerable amount of variation among the diflferent members of the

Bourgueticrinidse in the characters of the terminal faces of the stem-joints. In the

Jurassic genus Tliiolliericrinus, in Bourgiieticrinus (Jurassic and Cretaceous), and in the

Cretaceous Mesocrinus the articular ridge is narrow and linear, ex23anding somewhat

around the opening of the central canal to form the real articular surface.
^

In all these genera a median groove extends along each half of the ridge, from the

central opening towards the margin of the joint face ; and short shallow branches proceed

from it on either side so as to cut out the upper portion of the ridge into a double row of

small teeth.

In ThioUiericrim(s, Mesocrinus, and BouTgueticrimis elli2:>ticus the ligament-fossge at

the sides of the articular ridge are either uniformly shallow throughout their whole extent,

or they are deepest in the immediate neighbourhood of the central canal. But they are

completely separated from one another by the articular ridge, which is continuous from

end to end of the elliptical surface. Very much the same is the case in the upper and

middle stem-joints of Bathycrinus (PL Vila. figs. 8, 9), except that the articular ridge

is relatively larger and is destitute of teeth. But in the lowest stem-joints of this genus

(PI. VII. figs. 12, 13; PI. Vila. fig. U), and in all parts of the stem of Rhizocrinus

(PL X. figs, 11-14), the articular surface is incomplete, and instead of surrounding the

central canal, is actually divided l)y it into two trihedral portions, the upper edges of

which are toothed just like the corresponding parts of the complete ridge in Bourgueti-

crinus ellipticus or Mesocrinus. The two ligament-fossse communicate with one another

around the opening of the central canal, which thus appears to lie at the bottom of a

deep depression. Quenstedt ^ figures some stem-joints of this kind from the white chalk

of Riigen under the name of Ainocrinus constrictus.

1 Revision of the Palaeocrinoidea, part ii., Proc. Acad. Nat. Sci. Philad., 1881, p. 69 (243).

2 In a stem-joint from the Mseatricht Chalk, which is figured by Quenstedt as Apiocrinus (Bourrjueticrinus)

ellipticus (Encriniden, Tab. 104, fig. 70), there is no articuhir ridge at all, but merely an oval articular surface

around the opening of the central canal. Unless this be the result of an accidental removal of the ends of the

articiilar ridge, it is a somewhat striking peculiarity which tends te approach the condition of the middle stem-

joints in Bathxjcrimis, and has a still closer resemblance to a form of articular surface which is especially characteristic

of the cirrus-joints {ante, pp. 7, 8).

3 Encriniden, Tab. 104, figs. 64-66.
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While the general characters of the stem are identical in Kliizocrinus and Bathy-

crinus, there is a good deal of variation in its details, and especially in the mode of

growth.

In all cases the new joints are added at the top of the stem, immediately beneath

the cup ; but the rate at which they increase in length is very different in the different

species. It appears from Sars's figures,^ and from my own observations, that the pro-

duction of new joints in the stem of Rhizocrinus lofotensis is slow compared to their

subsequent increase in length. For there are very rarely more than three joints beneath

the cup which are wider than high, and even these have an appreciable thickness

(PI. IX. figs. 1, 2 ; PL X. fig. 1). Sars remarks of the uppermost one that it is

" annulaire et a 2 ou 3 et meme souvent 5 ou 6 fois plus de largeur que de hauteur
;

"

while there are usually not more than eight cylindrical joints beneath it. Below this

limit the joints have the weU-known dice-box shape, with the characteristic terminal

faces, the peculiarities of which begin to appear very few joints below the cup.

Most individuals of Rhizocrinus raivsoni seem to be generally similar to Rhizocrinus

lofotensis in these characters (PI. IX. fig. 3 ; PI. LIII. figs. 7, 8). But in one example

I found five joints beneath the cup which were wider than high. The second and third

are mere circular disks with perfectly plain faces like those of the fourth (PL X. fig. 10)

;

and the faces of the newly formed joints of Rhizocrinus lofotensis which are figured by Sars
^

are of the same nature. But the uppermost joint of all is of a different character

altogether (PL X. fig. 9). It has a pentagonal outline, and its surface, which rises

gradually from the circumference towards the centre, is divided by five radiating ridges

into an equal number of trapezoidal foss« that receive the lower ends of the elongated

basals (PL X. figs. 3, 5). Here, therefore, we find the top stem-joint presenting the

same characters that it does in Apiocrinus ' and Millericrinus,*' and entering to some

extent into the composition of the cup, while the new joints are probably intercalated

below it. Quenstedt ^ speaks of this uppermost stem-joint in the Apiocrinidae indif-

ferently as "Endstiick, Endsaulenglied, or Fiinfrippenglied." De Loriol^has named it

" article basal ;" while Zittel ' speaks of it as the " Centro-dorsal," and remarks " Dasselbe

scheint, wie aus der Andeutung von Nahten hervorgeht, aus 5 urspriingUch getrennten

Stiicken entstanden zu sein und entspricht wahrscheinlich den 5 Infrabasalpliittchen

bei Encrinus." It is perhaps a little inexpedient to employ the term " centro-dorsal " for

a joint which bears no cirri, as its similarly named homologue does in the Comatulae.

I M(5moires pour servir \ la connaissance des Crinoides vivants. 1. Du Rhizocrinus lofotensis, tab. i., ii.

' Op. cit., tab. ii., figs. 20-22.

^ D'Orbigny, Histoire Naturelle, generale et particuli&re des Crinoides vivans et fossiles., pi. ii. fig. 3, pi. iii.

fig. 4, pi. V. fig. 4.

* Ibid., pi. .\iv. figs, lb, 23, 24 ; and Quart. Journ. Geol. Soc, vol. xxxviii. p. 33, pi. i.

5 Encriniden, pp. 314, 31f).

" Swiss Crinoids, p. 4 ; Paleont. Frang., loc. cit., p. 19.

' Handbuch der PaliBontologie. Paloeozoologie, Bd. i., pp. 388-390.

(ZOOL. CHALL. EXP.—PART XXXII.—1884.) Ii 4
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But I should prefer doing this to using a name, as de Loriol has done, "which is so very

similar to that universally employed to designate some of the calyx plates, although

there is no sort of homology between the two structures. This hitter point is recognised

by de Loriol, who makes it clear that he regards the " article basal " as a stem-joint.

Whatever may be the case in Apiocrinus, this plate is single in Rhizocrinus rawsoni

(PL X. fig. 9), and I cannot help suspecting that Zittel has been misled by the appearance

of sutures into regarding it as probably consisting of five coalesced under-basals. I

have noted a somewhat similar condition in Millericnnus pratti?

Owing to the larger number of discoidal joints in the stem of Rhizocrinus rawsoni

than in that of Rhizocrinus lofotensis, the gradual development of their articular faces

is more easily made out in the former species. As the joints become longer than wide,

shallow fossae appear to the right and left of the opening of the central canal, which

thus seems to be the deep middle portion of an oval depression occupying the shorter

axis of the ellif)tical face (PI. X. fig. 12). These fossae gradually increase in relative

size, and encroach more and more upon the original plane surface of the joint face,

still, however, remaining in connection with one another around the central canal

(PI. X. figs. 11, 13, 14). They reach nearly to the margin of the joint face, so as

to leave a small articular rim outside them ; but they do not reach so far in the direction

of the long axis, at the ends of which the original surface of the joint remains to form

the so-called " articular ridge." This is, however, by no means continuous across the

opening of the central canal, as is implied by its name ; for it is merely represented by

two triangular surfaces which encroach upon the original oval depression so that it

assumes the form of a rather short-handled dumb-bell (PI. X. figs. 11, 13, 14). The

two ends slope rapidly downwards towards the centre, where the opening of the axial

canal is situated. It thus establishes a connection between the two fossae and interrupts

the continuity of the articular ridge.

This type of joint-face also occurs in the lowest part of the stem of Bathycrinus

(PI. Vila. figs. 10, 11), but it is the result of a diiierent mode of growth altogether.

There are several thin discoidal joints at the top of the stem (PI. VII. figs. 1-3, 11 ;

PI. Villa, fig. 1), and the uppermost one, on which the basals rest, has its surface

marked by a ten-rayed depression which extends outwards from the five-lobed opening

of the central canal (PI. Vila. fig. 3). The corresponding face of the basal ring is

marked in the same manner (figs. 13, 14); and the fossae lodge the five horse-shoe

shaped ligamentous bundles which unite the basals to the stem-joints below them.

On the upper face of the second joint, however, the opening of the central canal

is surrounded by a raised articular rim, still showing traces of fossae like those on the

top joint, and this rim is more marked on the next few joints (figs. 4, 5). As the

joints below become thicker and their terminal faces more oval, the articular rim also

1 On some new or little known Jurassic Crinoids, Quart. Journ. Geol. Soc, vol. xxxviii. p. 34.
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assumes an oval form, and the ten markings on its edge first become arranged into two

groups of five each (fig. 5), and then finally disappear (fig. 6). This is due to the five

ligamentous bundles mentioned above as being attached to the basals, becoming

gradually replaced by the two larger and somewhat crescentic bundles which unite

the joints lower down the stem. The articular rim eventually becomes restricted

to a broad ridge which occupies the short axis of the oval oblong face, and is pierced

in the centre by the oval opening of the central canal (figs. 7, 8). In the slender joints

of the uj)per third of the stem (fig. 7) this ridge takes up the greater part of the

articular surface, and there is merely a shallow fossa on either side of it. As the

joints increase in stoutness the ridge becomes relatively narrower, and the lateral fossse

proportionately larger (figs. 8, 9). They are shallowest at the edge, and gradually

deepen as they approach the ridge. When the joints begin to shorten again but

continue to increase in stoutness, their terminal faces become more circular (fig. 10),

though the planes of the articular ridges at the two ends of each joint still continue

to cross one another. The ridges themselves still diminish in relative width, and

become somewhat constricted in the middle, until there is only a very narrow rim

around the opening of the central canal (figs. 9, 10). Lower down the stem this rim

disappears altogether (PL VII. figs. 12, 13; PI. Vila. fig. 11), so that the two lateral

fossae communicate around the central opening just as in Rhizocrinus (PL X.

figs. 11-14).

The joint-faces also become oval again, and the articular ridges now occupy their

longer axis (PL Vila. fig. 11) instead of the shorter ones, as is the case at the top

of the stem (figs. 7-9). The two halves of each ridge which are separated by the

opening of the central canal are of an elongated triangular shape, and relatively narrower

than in Rhizocrinus raivsoni, owing to the greater size of the lateral fossse. Each is

denticulate along its median line, as in the other Bourgueticrinidae.

The distinction of the lower stem-joints of Rhizocrinus and Bathycrinus thus becomes

a matter of some difficulty, though those of the upper and middle parts of the stem are

very diff"erent in their characters.

In the young individuals of both genera most of the stem-joints are simple, more

or less elongated cylinders ; and the characteristic dice-box shape is only visible in

a few joints immediately above the root (PL Villa, figs. 2, 3 ; PL LIII. figs. 7, 8 ;

woodcut, fig. 16, p. 244).

The lower part of the stem in the Bourgueticrinidse may bear a large number of

irregularly branched radicular cirri, two or more proceeding from 'each joint near the end

of the long axis of one face (PL IX. fig. 1 ; PL X. figs. 13, 15) ; while the main axis may

eventually break up into a similar set of branching rootlets. These two forms of roots

may coexist in the same individual, or either may occur alone. In some specimens of

Rhizocrinus lofotensis the radicular cirri are exceedingly abundant. Thus in an indivi-
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dual figured by Sars ^ tliey occur on the lowest thirty-tbree joints of a stem witb fifty-

nine joints altogetber. In another case five out of eighteen joints are cirriferous ; while

the individual represented in PI. IX. fig. 1 has only nine cirriferous joints in a stem of

over forty. A similar variation occurs in Rhizocrinus rawsoni. Every joint in the

lowest part of the stem may bear cirri at one or both ends of the long axis of its upper

face. But I have in no case found more than fifteen joints in this condition, and they

are sometimes not consecutive, a cirrus-less joint being occasionally interposed between

two others which bear cirri (PL X. fig. 15). On the other hand, in the only individual

with a complete stem which was obtained by the Challenger, and also in the young

specimens di'edged by the " Porcupine," there are no radicular cirri at all, but only a

spreading root formed by subdivision of the main axis of the stem (PI. LIII. fig. 7) ; and

this appears to be a constant condition in Bathycrinus (PI. VII. figs. 1, 9 ; PI. Villa,

fig. 3).

Below the last of the regular and dice-box shaped joints, which may or may not bear

cirri, there come one or more others of ii-regular shape and variable size. Spreading

rootlets proceed outwards from these, as a rule more abundantly in Rhizocrinus than in

Bathycrinus. In Rhizocrinus lofotensis this inferior joint usually bears several slender

root filaments disposed around a central one ; whde one or two stronger and branching

rootlets sometimes come oflf between it and the regular stem-joints. This is more

especially the case in Rhizocrinus rawsoni ; but in Bathycrinus the inferior joint, or " root-

joint " as it has been called, is quite short, and gives ofi" two or rarely three chief roots,

which themselves subdivide into smaller ones (PI. VII. figs. 1, 9 ; PL Villa, fig. 3).

Both these rootlets of the stem-axis itself and the radicular cirri are composed of a

series of gradually diminishing joints closely united by ligaments. They attach them-

selves to foreign bodies by calcareous expansions round their ends or beneath the sides on

which they happen to rest (PL IX. fig. 1 ; PL X. fig. 15). Anything serves for this

purpose which may improve the anchorage of the Crinoid in the soft mud, which is nearly

universal at great depths, e.g., fragments of shell, grains of sand, sponge-spicules, foramin-

iferal tests, &c. Hence, whatever be the case in the Pentacrinidse, Rhizocrinus and

Bathycrinus must remain permanently fixed in one place tliroughout life.

In a specimen of Rhizocrinus rawsoni which was dredged by the " Travailleur," and

was described as a new genus Democrinits by Perrier,^ the diameter of the stem is lessened

at the origin of two groups of rootlets, and regains its former size lower down. Perrier

suggests the question " si la partie qui se prolonge au dela des racines n'est pas destinee a

devenir un second pedoncule surmonte d'un second calice. Si cette induction se verifie,

les Democrinus constitueront le premier exemple actuel d'Echinodermes vivant en

• Op. cit., tab. i. fig. 1.

' Sur un nouveau Crinoide fixe, le Democrinus Parfaiti, provenant des dragages du " Travailleur," Comptes rendus,

t. scvi., No. 7, pp- 450, 451:
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colonies et ramifies." I can, however, see no probability whatever in this supposition,

having met with no focts confirmatory of it either in any of the numerous roots of

Rhizocrinus and Bathi/vrinvs which I have examined, or in the descriptions of these

genera by Sars and Danielssen. Neither is it supported in the slightest degree by what

we know of the embryology of the Crinoids.

Prof Perrier has suggested some further views of the morphology of the stem which

I find myself unable to accept. He begins by saying " De tons les Crinoides fixes actuels,

les Democrinus sont ceux chez qui les dimensions transversales du calice sont le plus

foibles par rapport an diametre du pddoncule."

I am indebted to his kindness for the following measurements of his specimens

—

Length of the calyx from the terminal furrow to the top stem-joint, . . 9 mm.

Maximum diameter of the calyx, . . . . . . 2 „

Diameter of the stem-joints, . . . . . • • 1 x

That is to say, the diameter of the calyx does not exceed twice that of the stem-joints.

But at the time Prof. Perrier made the statement quoted above he had before him the

following measurements of the calyx and stem in three varieties of Ehizocrinus rawsoni—

Basal tube. Stem-joints diameter.

1. Blake, . . . . 5-5 x 2-50 mm. 2-25 mm.

2. Challenger, . . . 5-0 x 2-00 „ 2-00 „

3. Porcupine, . . . 3-0 x 175 „ 1-25 „

Hence the maximum width of the calyx in the Challenger specimens of Rhizocrinus

raiosoni is the same as that of the largest stem-joints ; while the proportion is as 2 : 1 in

the so-called Democrinus, and this is not attained by the calyx, either of the " Blake " or

of the " Porcupine " specimens. It seems to me that the calyx of Democrinus is larger

relatively to the stem than in any of the Crinoids most nearly allied to it (instead of

being narrow as stated by Prof. Perrier), who proceeds as follows :
—

" Si Ton songe que, chez

les Echinodermes fibres actuels, le corps tout entier ne represente que le calice des

Crinoides fixds surmonte de ses bras, on est etonne de voir une partie qui est absolument

nuUe chez les representants des autres groupes prendre chez les Democrinus un

developpement tel qu'elle represente cinq ^ six fois au moins le volume du corps propre-

ment dit. Ce fait seul nous avertit que le pedoncule doit etre pris en grande consideration

pour la determination de la forme fondamentale des Echinodermes. Chez les Demo-

crinus, il produit un appareil radiculaire forme de rameaux articulds ramifies ayaut la

meme structure que lui-meme et prdsentant des dimensions superieures k celles des bras

;

cet appareil ne saurait etre davantage neglige au point de vue morphologique, et Ton est

conduit ^ considdrer ses diverses branches comme ayant la meme valeur que le pedoncule

lui-m^me dont elles ont la structure."

A far better instance than Democrinus of disproportion between stem and head is
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furnished by tlie Liassic Extracrinus, the stem of Extracrinus subcmgularis reaching a

lencrth of 50 to 70 feet. But even as regards Democrimis I cannot admit that the

dimensions of the stem are so much greater than those of the arms. This may indeed be

the case in Perrier's three specimens, of which " deux sont totalement ddpourvus de bras
;

le troisieme n'en presente que des restes tr^s courts, d'apres lesquels il est aise de voir

que les bras devaient gtre extremement peu d^veloppes." But in the Carribbean examples

oi Ehizocrinus rawsoni the longest stem (180 mm.) contains sixty-eight joints above the

root, while there are five arms, each consisting of about eighty joints. Nearly half of

these bear pinnules, so that even if the radicular part of the stem is taken into account,

the superior dimensions would seem to be on the side of the arms rather than on that of

the stem, which Perrier considers to represent five or six times the volume of the calyx

and arms together.

It is likely enough that this may have been true in his three specimens of Demo-

crimis, which had lost the whole or greater part of their arms, o-ndng to fracture at the

syzygies, as is only too often the case with both species of Rhizocrinus. But when a

tolerably perfect individual is obtained the arms are found to be considerably more than

" extremement peu developpes," as was so easily inferred by Perrier upon totally

insufficient evidence. He goes on to say, " Alors meme qu'ils ne vivraient pas en colonic,

le volume considerable de leurs racines ramifiees, la ressemblance de ces racines avec les

bras qui surmontent le calice et dont elles sont probablement homologues, suffisent

a demontrer que la disposition arboresccnte des parties, preface en quelcpe sorte de la

symmetric radiaire, n'est pas plus etrangere au type des Echinodermes qu'au type des

Coelenterds."

The relationship of the Echinoderms to the Coelenterates need not be discussed here

;

but the resemblance and "probable homology" which Prof Perrier sees between the

arms and the root of a Crinoid appear to me to be forced in the extreme. The arms

are merely extensions of the body, containing the same nerves, vessels, and body-cavity

as are found in the calyx, together with the fully developed genital glands which are

usually sterile in the body. But the branches of the root have the same structure as

the stem, as remarked by Perrier himself ; and this is very different from that of the

cup and arms. It is true that the rootlets, like the arms, are traversed by axial cords

which are connected with the fibrillar envelope of the chambered organ ; but there the

resemblance ends. They support no soft parts as the joints of the arms and pinnules do;

and being formed entirely on the right antimer are totally devoid of any of the ambu-

lacral structures which are so important in the morphology of the arms. If the term

" homologous " is to be employed for a mere superficial resemblance of this kind, a new

word must be introduced to denote community of origin and morphological similarity.

One might almost as reasonably say that the quills on the back of a porcupine are

homologous with its limbs.
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Botli in Bathycrimis and in Ilhizocrinus tlie organic and calcareous networks, wliicli

interpenetrate one another, arc not always perfectly continuous throughout the

substance of the stem-joints. For both in optical and in transverse sections of de-

calcified stems empty s^jaces are often visible, especially in the immediate neighbourhood

of the central axis. Five of these spaces appear in some of my transverse sections of

the lower stem-joints of Bathycrimis (PI. Vila. fig. 2, is). They are radially disposed,

being situated immediately outside the five peripheral vessels of the central axis {ch'),

which they may not greatly exceed in size. Both spaces and vessels may contain

larger or smaller masses of pigment granules (j?). The walls of the former are less

well-defined than those of the latter, but are distinctly sharper than the outlines of

the spaces in the organic plexus forming the remainder of the stem-joint.

It sometimes ha2:)pens in the lower part of the stem that one of these spaces may
increase very greatly in size, and so displace the central axis from its median position

;

or the space may approach quite near to the surface of the joint. They are much

more irregular in the lower part of the stem than in the uppermost elongated joints,

where they are also of larger relative size (PI. Vila. fig. 1, rs) ; and they appear to

communicate with one another from joint to joint, through the elongated oval opening

of the central canal (PL Vila. fig. 7). But there is nothing to be seen of them in the

discoidal joints at the upper f)art of the stem, which are continuously traversed by

closely set ligamentous fibres (PI. Vllb. fig. 1 ). The best prei^arations that I have

been able to obtain illustrative of this point have been from the stem of Bathycrimis

;

but I have also seen these spaces, though not so well, in Rhizocriniis. The former

genus (or at any rate Bathycrimis aldrichianus) is remarkable for the abundance of

delicate fibrils which may be seen proceeding outwards from the central fibrillar axis

of the stem, the nervous nature of which is gradually coming to be recognised. Some

of the larger of these fibrils are shown in optical section in PI. Vila. fig. 1, ca'. But

a much larger number of smaller ones may be seen with a High power. They leave

the central axis in a more or less transverse direction, and form an open plexus, im-

mediately beneath the external surface of the stem. This is most distinctly seen over

the radial spaces, where the decalcified stem is, of course, more transparent than else-

where. It is noteworthy that the arms of Bathycrinus aldrichianus, like the stem, are

also remarkable for the large number of branches which proceed outwards from their

axial cords (PI. Vllb. figs. 6, 7 ; PI. Villa, figs. 4, 5

—

a'). The corresponding branches

in the stem of Fentacrimis have been already noticed (ante, p. 23).

C. HYOCRINIDiE.

The stem of Ilyocrinus is one of considerable interest, because it is the only recent

Crinoid in which the terminal faces of the stem-joints are of the same nature as those of
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the Apiocrinidge and of so many of the Palseocrinoids. The applied surfaces of the cylin-

drical joints, forming the lowest portion of the stem with which we are acquainted, were

described by Sir WyvUle Thomson ^ as " being marked with a pattern of radiating grooves

and ridges." There appears, however, to be a good deal of variation in this respect ; for,

whUe some of the joint-faces have the radiating pattern very well developed, others are

perfectly plain (PL Vc. fig. 4), and others have only slight indications of the striation.

But the radiating striae never "resemble minute pores penetrating the walls," as stated

by Wachsmuth and Springer,^ of the similarly marked joint-faces in the Palseocrinoids.

The stem of Hyocrinus is much more rigid than that of the Bourgiieticrinidse. The

short cylindrical joints are united by uniformly disposed ligaments (PI. Vc. fig. 5, Is), the

fibres of which are all of equal length and not longest in the centre as in the oldest parts

of the stem of Bathycrinus and Rhizocrinus. The ligamentous fibres at each end of the

joint extend into its substance for about one-fifth of its length, so that the calcareous

tissue is closer towards the ends than in the median parts of the joints. These contain

radial spaces (PI. Vc. fig. 5, rs) of the same nature as those just described in the

Bourgueticrinidse (PL Vila. figs. 1, 2, rs).

So far as I can make out from the only two fragments of stem which have reached

me, measuring 70 and 85 mm. respectively, there are a large number of discoidal joints

at the top of the stem (PI. VI. figs. 1-3). Theii" thickness gradually increases from

above downwards, untU they are about half as long again as wide. The length then

diminishes again and the width increases, rising in one example from 1 mm. to nearly

1-5 mm. within twelve joints. The lower joints thus become more discoidal again, like

those some little way below the calyx. What they were in the stem-fragment, 1 70 mm.

long, which is mentioned by Sir Wyville Thomson, I have no means of knowing.

Neither are we acquainted with the nature of the actual base of attachment.

1 Journ. Linn. Soc. Land. (Zool.), vol. xiii. p. 52, 1878. ^ Revision, part i. p. 14.
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III—THE CALYX.

In all the recent Crinoids, with the single exception of Thaumatocrinus (PL LVI.

ficrs. 1-4), the calyx proper is formed of but two series of plates, viz., the basals, which rest

upon the top stem-joints, and the radials, which are supported by and alternate -wath the

basals. The plates of these two series are suturally united to their fellows and to one

another ; and they enclose a central cavity which is sometimes large enough to contain

the whole visceral mass, as in Holopiis (Pis. I.-IV.) and Hyocrinus (PI. VI.). In

other cases, however, the internal cavity of the calyx is reduced to a minimum, and it

lodges nothing but the chambered organ with the plexiform gland which rises from it

;

while the entire visceral mass is situated altogether above it, and is very easily detached

from it, as in many Comatulse, so that there can hardly be said to be any cup at all.

Intermediate conditions between these two extremes are met with in the Bourgueti-

crinidse and Pentacrinidse. In the last named family the cup which is formed by the

united upper surfaces of the radials is wider than in Antedon, but somewhat more

hollowed than in Actinometra (PI. XII. figs. 1, 2, 15, 16 ; PI. XVIII. figs. 4, 5 ; PI. XX.

figs. 5, 8; PI. XXVI. fig. 11 ; PI. XXX. figs. 3, 4; PI. XXXIII. fig. 5; PI. XXXIV.

figs. 7, 8 ; PI. L. figs. 5, 6) ; and the lowest portion of the visceral mass rests in this

concave upper surface of the radial pentagon ; while the greater part of it lies in the cup

which is formed by the outer radials and lowest distichals (PI. XVII. fig. 5 ; PI. L. fig. 1 ;

PL LXIL). But the central funnel of the calyx, which is between the inner faces of

the radials, only contains the plexiform gland ascending from the chambered organ

(PI. LVIII. fig. 3, x).

This is also the case in Rhizocrinus and Bathycrinus (PL Vllb. figs. 1, 4, 5, x). In

the former genus the upper surface of the calyx has a deep hollow which lodges a portion

of the intestinal coil (PL X. figs. 1, 4, 6, 7, 8); while the upper part of the visceral

mass is entirely supported by the first four brachials in two syzygial pairs (PL X.

fio's. 2, 20). In Bathycrinus, however, the gut hardly descends to the level of the first

radials ; and though the visceral mass is very largely supported liy the large wing-like

processes of the axiUaries, it is practically quite free from the lowest brachials (PL VII.

fig. 3;,PL Vllb. figs. 1, 7, 8).

Concealed in the lower portion of the calyx is the chambered organ, the position of

which, relatively to the calyx-plates, varies considerably. In all the Comatulje it is lodged

within the cavity of the centro-dorsal, and it is therefore entirely on the dorsal side both

of the radials and of the basals, whether the latter have been metamorphosed into a

rosette or not. But in the stalked Crinoids there is no enlargement of the central

canal of the stem within its uppermost joint, and the vascular axis passes up into the

calyx before expanding to form the chambered organ. In Rhizocrinus, Bathycrinus, and

(ZOOL. CHALL. EXP.—PART XXXII.—1884.) I' ^
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Pentacrinus this expansion takes place near the top of, but entirely within the basal ring,

the radials having no share in the protection of the chambered organ, though they

surround the lowest portion of the plexiform gland which rises out of it (PI. Vllb.

figs. 1, 4, 5; PL Villa, figs 6, 7; PL XXIV. figs. 7-9; PI. LVIII. figs. 1-3;

PI. LXIL). Within this central funnel of the radials, and closely enveloping the

plexiform gland, is a kind of plug formed by numerous irregular limestone bars which are

developed from the inner faces of the radials. In Bathycrinus it is practically little

more than calcified connective tissue (PI. Vllb. figs. 1, 4, 5, c), but it becomes very solid

in Rhizocrinus, and has been wrongly described as a basal rosette (PI. Vila. fig. 7 ;

PI. X. figs. 1, 4, br.). It is also weU developed in Pentacrinus {P\. XXIV. figs. 8, 9, 7-p.),

and is lodged in a small depression upon the upper surface of the basal ring, which is

formed by the truncation of the inner ends of its component pieces (PI. XX. figs. 2-6, 9).

Among the Apiocrinid^ the cavity which lodged the chambered organ is bounded in

varying proportions by the basals and radials. In some species, such as Millericrinus

millcri, this structure must have lain altogether upon the ventral aspect of the basals.

These form a complete ring, just as in the aberrant Comatulaj, Atelecrinus and

Tha'umatocrinxis ; but in both these types the basal ring is on the ventral side of the

chambered organ, which is precisely the opposite condition to that of Millericiinus

milleri.

A. The Basals.

The basals of the Neocrinoidea vary considerably in the extent to w^hich they are

developed. In aU the Palseocrinoids the radials are separated from the top stem-joint by

one complete ring of plates, to which a second is often added. But in the Neocrinoids

no basals may be visible at all upon the exterior of the calyx, as in most Comatulse ; or

there may be a single complete ring of high plates as in Rhizocrinus (PL IX. figs. 1-3
;

PL X. figs. 2, 3 ; PL LIII. figs. 7, 8) ; or there may be two rows of plates of variable

size as in Encrinus, Extracrinus, and Marsupites.

The absence of external basals in most recent Comatulse is due to theii- having

undergone metamorphosis into the well-know^n rosette, which is concealed between the

centro-dorsal and the radials. But the occurrence of this condition in a stalked Crinoid

would appear somewhat improbable. Personal examination has convinced me that in

two cases ^ at any rate the supposed absence of basals in fossil Pentacrinidse is merely

the result of defective observations ; but this may not be invariably true. No basals are

visible externally in the Jurassic Isocrimis pendulus, Meyer,* nor in the Pentacrinus

pentagonalis 2^ersonatus from the Brown Jura, which is figured by Quenstedt ^ without

^ These are (1) Pentacrinus fisluri, Forbes, from the Kimmeridge Clay of Weymouth ; and (2) a fine specimen

from the Chalk, which is figured in Dixon's Geology of Sussex (1878 edition, pi. xix. 22).

' Isocrinus und Chelocrinus, Museum Senckeubergianura, Frankfurt, 1837, Taf. xvi. figs. 1, 2.

» Encriuiden, Tab. 98, fig. 137.
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any notice of its peculiarities. They likewise appear to be absent in the Forest-Marble

specimen from Farley in Wiltshire, which was described by Goldfuss as Pentacrinus

scalaris ;
^ while they are certainly absent externally in one of the two known specimens of

Metacrinus costatu>;, though fully developed in the other (PL XLIX. figs. 1, 2). This is

a most curious anomaly ; but as the specimen cannot be sacrificed to investigation, it is

impossible to ascertain whether the basals are absent entirely, or whether they have been

metamorphosed into a rosette.

It is possible that they are so greatly reduced in size as to fail to appear externally,

as occasionally happens in Encrinus and in the fossil Comatulae, which retain their

embryonic basals in an unmetamorphosed condition.^ They are sometimes quite small

and insignificant in comparison with the radials, as in the Liassic Pentacrinus tuberculatus,

and in some varieties of the recent Pentacrinus decorus (Pis. XXXIV.-XXXVL). In

these and similar forms they appear at the lower angles of the calyx as minute rounded

plates, between which the lower edges of the radials rest directly upon the top stem-

joints. The basals are therefore only in contact with one another by their inner ends

(PI. XXXIV. fig. 8). But in other species, both recent and fossil, they are considerably

larger, and their outer ends separate the radials more completely from the top stem-joint

(PI. XIII. fig. 1 ; PI. XV. fig. 2) ; while the union of their inner ends is more extensive

PL XII. fig. 16 ; PL XXVI. fig. 11). In fact all degrees of union may be traced (both

in different species and in different individuals of the same species) from the condition of

Pentacrinus hlakei and Pentacrinus decorus (Pis. XXXL, XXXV.) to that o{ Pentacrinus

wyville-thomsoni and Pentacrinus maclearanus, in which the radials are separated from

the top stem-joint by a ring of large and closely-united basals (Pis. XVI., XIX. figs. 1,

6, 7). The genus Cainocrinus of Edward Forbes has been lately revived by de Loriol ^

for a few fossil species which possess a closed basal ring, but are not otherwise different

from Pentacrinus. The condition of the recent Pentacrinidse, however, is such as to entirely

preclude the possibility of emplopng this very variable character as a generic distinction.

A similar series of gradations is to be met with among the fossil Comatulas, in

which group there appears to be much more individual variation than among the

Pentacrinidse. In some few species no basals are visible externally at all. In others,

the outer ends of small prismatic rods may appear at some angles of the calyx but

not at others, while their inner ends do not meet at all or only very slightly so. In

some species again, the outer ends of the basal rods are smaller than the inner ends,

which meet together and entirely separate the median portion of the radial pentagon

from the centro-dorsal beneath. Lastly, in a chalk Comatula mentioned by Schluter
*

' Petrefacta Germanise, vol. i. pi. Ix. fig. 10.

2 Oil tli3 genus Solanocrlau^, Goldfuss, and its Relations to recent Comatulse, Joum Linn. Soc. Lond. Zool., vol.

XV. pp. 211, 212.

3 Swiss Fossil Crinoids, pp. Ill, 112.

Uebsr einige astylide Crinoiden, Zeitschr. d. deuUch. geol. Geselhch., 1878, p. 66.
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there is a complete ring of united basals as in the recent genera Atelecrinus and

Thaumatocrinus (PI. LVI. figs. 1-4). In the four other genera of recent Comatulidse,

however, the primary embryonic basals undergo transformation into the well-known

rosette, which is really a secondary structure. It lies over the chambered organ, between

the under surface of the radial pentagon and the^ upper face of the centro-dorsal ; but

it is entirely concealed, and does not appear at all upon the exterior of the calyx.

In many Comatulse more or less prismatic rods proceed outwards from the inter-

radial angles of the rosette, and their ends are often visible on the exterior of the

calyx. They occupy exactly the same positions as the rod-like basals of many fossil

Comatulse, but do not represent them morphologically, for they are not developed from

the primary embryonic basals. These last become transformed into the rosette, which

is a secondary structure as shown by Dr. Carpenter ;

' while the tertiary basals which

are connected with its interradial angles are merely ossifications in the connective

tissue of the synostosis between the radials and the centro-dorsal, and are somewhat

variable in their development.'^ They do not occur in Antedon 7'osacea, nor in the

species on both sides of the Atlantic which are most nearly allied to it, viz., Antedon

phalangmm, Antedon dentata, Antedon hageni, &c. ; and they seem to be absent in

Eudiocrinus, at any rate in Eudiocrinus semperi. But they reach a relatively large

size in many tropical species both of Antedon and of Actinometi-a, in which latter

genus I have never found them to be absent, and they also occur in Promachocrinns

(see fig. 1, A on p. 37). [See Note B.]

B. The Radials.

There is considerable variation in the degree of lateral union between the individual

basals and radials of stalked Crinoids. Those oi Holopus (Pis. I.-IV.) are so intimately

fused that the sutures are entirely invisible on the exterior of the tubular calyx. In

Hyocrinus (PI. VI.) the interradial sutures are quite evident, but those between the

basals are very obscure. In Rhizocrinus, and especially in Rhizocrinus lofotensis, the

sutures between the basals are usually entirely invisible, not only externally but also

in transverse sections of the decalcified calyx ; while the basiradial and interradial

sutures are merely indicated by very faint lines on the surface of the cup (PL IX.

figs. 1, 2) ; and strong measures are necessary before the individual joints will separate

from one another. In the Pentacrinidaj and Comatulida^ the union between the radials

is less close and the sutures well defined, while the condition of the basals varies accord-

ing to circumstances (PI. XIII. fig. 1 ; PL XV. figs. 1, 2 ; PL XVI. ; PL XX. ; PL XXXIII.

figs. 8-10 ; Pis. XXXV.-XXXVII. ; PL XXXIX. ; PL XLIIL). The union of the

1 Phil. Trans., 1866, pp. 744, 745.

^ The genus Actiiiometra, Trans. Linn. Soc. Land. (Zool.), vol. ii. pp. 93-1U5 ; and the genus Solanocrinus, Journ.

Linn. Soc. Land. (Zool.), vol. xv., 1880, pp. 212-214.
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basals of Bathycrinus is extremely close, and in old individuals no sutures are visible

externally (PL VII. figs. 1, 2, 11; PI. Vila. figs. 12-14), though they appear in

transverse section (PI. Vllb. fig. 2) and also in young examples. I have never suc-

ceeded, however, in separating the plates from one another by the usual methods.

The radials of Bathycrinus, on the other hand, are much less closely united. They

are thin plates in contact with one another by quite narrow sides (PI. VII. figs. 6, 6o).

Those of Bathycrinus aldrichianus were described by Sir Wyville Thomson as being

" often free ; but in old examples they also are frequently anchylosed into a funnel-shaped

piece." ^ All the specimens which I have examined are in the latter condition, though

the plates are readily separable. But I do not think it possible that they could ever

be perfectly free as the other two radials are; and I have always found them to be

closely united by ligaments up to the level of the circular commissure (PI. Vllb. fig. 4, /),

though they become much more free near the top of the calyx (PI. Vllb. fig. 5). The

Fig. 1.

—

Pronuiclwcrinus kergiielensis. Calyx, x 6.

A. Silk view, showing the alternation of the five primary radials with the five others, which are separated from the centro-

dorsal by the rays of the basal star. B. Upper view, showing the interior of the central funnel formed by the radials.

difi'erence between the " free " and the " anchylosed " conditions is probably only due to

variations in the extent to which limestone is deposited around the fibres of the above

mentioned interradial ligaments.

The difference between the basal and radial rings in the amount of lateral union

{i.e., in the distinctness of the sutures) between their component joints, which is more

or less evident in Hyocrinus, Bathycrinus, and Rhizocrinus, appears also in some fossil

Crinoids. Beyrich has pointed out^ that in young individuals of Encrinus gracilis the

sutures between the basals are invisible, although those between the radials are distinct

enough ; and the same character has been noticed by Mr. R. Etheridge, jun., and myself

as occurring in the Palaeozoic Allagecrinus austhii.^

' Journ. Linn. Soc. Land. (Zool)., vol. .\vi. p. 50.

= Ueber die CrinoiJeii des Musclielkalks, Berlin, 1857, p. 44.
' On Allagecrinus, the representative of a new family from the Carboniferous Limestone Series of Scotland, Ann.

and Mag. Nat. Hist., ser. 5, 1881, vol. vii. pp. 285-288.
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The second brachials of Bhizocrinus (PI. Villa, fig. 8, Bj), and the second radials of

Bathycrinus (PI. Vllb. fig. 6, B.^ are in contact by their lower edges, but soon become

entirely free from one another (PI. VII.; PI. VIIL figs. 1, 2; PL IX. figs. 1-3; PI. X.

figs. 1, 2, 6-8) ; while the corresponding plates in Hyocrinus (PI. VI.) arc absolutely

free. But in many Crinoids the second radials are often very closely united by

ligamentous bundles. These are lodged in fossse at the sides of the proximal face

which is not quite so wide as the distal one (PI. XII. figs. 9, 10 ; PI. XXI. figs. 5a, 5c).

The first joints beyond every axillary are more or less closely united in the same way

(PI. XXI. figs. 3?*, 4&). But the second joints and the axillaries themselves are free,
'

though often in very close contact with their neighbours, so that their apposed sides are

more or less flattened (PI. XXI. figs. 16, 2b) ; and in some cases the first four or five

of the free brachials have their sides flattened in this w\ay, where they come in contact

with one another and with the corresponding joints of adjacent rays (PI. XV. fig. 2

;

PI. XVI. fig. 1 ; PI. XXXa. fig. 8).

In all the Pentacrinidas there are invariably five rays. I have never met with any

exception to this rule, and all the specimens of Bathycrinus that I have seen conform to

it also. The original specimen of Holopus is tetramerous ; while I have seen four

Comatulge with the same peculiarity, and one with six rays. Four and six rays are more

common in Bhizocrinus (PI. Villa, figs. 6, 7), and in ver}^ rare cases there maybe seven.

In the Comatulid genus Bromachocrinus, however, ten is the normal number, but the

basals are pentamerous. Only five rays extend outwards from the central rosette to

appear externally beneath five of the radials (fig. 1, a), and they must therefore be regarded

as representing the primary inteiTadii of the type. Hence those radial pieces which are

not separated from the centro-dorsal by basal rays are the original embryonic radials,

homologous with those of other Crinoids and of the five-rayed Star-fishes. The five

others may perhaps be compared to the additional radials developed in many-armed

Star-fishes, in which, however, the positions of the five primary rays are not indicated in

the adult as they are in Bromachocrinus.

C The Intereadials.

In almost all adult Neocrinoids the first radials meet one another all round the calyx

so as to form a complete ring ; and until lately this character has been regarded as one

specially distinctive of the group. For in a large number of Palseocrinoids an anal j^late

retains its primitive embryonic position and rests upon a basal, thus separating two of

the radials and destroying the complete pentamerous symmetry of the calyx. A good

instance of this type is the Carboniferous genus Belem7iocrinus, which has a calyx very

similar to that of the recent Bhizocrinus except for the presence of the intercalated anal
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plate. Hexacnnus, Dichocrinus, and their allies present a similar condition. In a few

genera of tlie Rhodocrinidse, whicli have been grouped together into a section Bhodocrinites

by "Wachsmuth and Springer, the radials are not contiguous laterally ; but between every

two there is an interradial plate which rests on a basal below.

This character, which occurs in no stalked Neocrinoid, either recent or fossil, reappears

in the singular Comatulid Thaumatocrinns^ (PL LVI. figs. 1-4). But with this excep-

tion all the primary radials of every adult Neocrinoid, recent or fossil, stalked or free,

form a complete ring.

Calyx-interradials are very usually present in the Palajocrinoids, helping, together with

the higher orders of radials, to increase the size of the cup, and strengthen its walls.

According to Wachsmuth and Springer^ "The first interradial is always larger than

any of the rest, and is situated between the upper sloping margins of the adjoining first

radials, except in some species of the Ehodocrinidse, in which it rests directly upon the

basals, separating the ring completely. There are generally two plates in the second

series, and two or three in each succeeding one."

In the Mesozoic genus Guettardicrinus, and in some species of Apiocrinus {A2nocrinus

martini, Apiocrinus roissyanus), there are calyx-interradials essentially similar to those

of the Palgeocrinoids. Each series commences with a single plate resting upon the upper

ano'les of two first radials which are truncated for its reception (see fig. 9, on p. 183).

It is followed by several others, more or less irregularly arranged ;
and these, together

with the two outer radials, and sometimes also the two lower brachials, form the im-

movable wall of a large cup just as in the Palajocrinoids. No recent Crinoid presents

this condition, at any rate in the adult state ; though it occurs in many Ophiurids, as

pointed out elsewhere.' But in all the Pentaerinidse, recent and fossU,* the interradials,

if present, are not calyx-plates at all, but merely small and more or less irregular

plates developed in the perisome which unites the rays and their subdivisions (PI. XIII.

fig. 1 ; PI. XXXI. fig. 2 ; PI. XXXIV. fig. 1 ; PI. XXXV. fig. 2 ;
PI. XXXVII. fig. 1;

PI. L. fig. 1). It would seem, however, that regular calyx-interradials may appear in

the early larval stages of Antedon rosacea. At any rate this is the way in which I

should interpret the following statement by Sir Wyville Thomson.' " In one or two

cases, however, I have observed about the time of the first appearance of the anal plate,

a series of five minute rounded plates developed interradially between the lower edges of

the oral plates and the upper edges of the basals." These plates therefore, separate

the radials from one another all round the calyx. Their ultimate fate is uncertain. Sir

' Ou a new CrinoiJ from the Southern Sea, Phil. Trans., 1883, pp. 919-926, pi. 71.

* Revision, part ii. p. 12.

3 On the Apical System of Ophiurids, Quart. Joarn. Micr. ScL, vol. xxiv., N.S., January 1884, p. 12.

* See, for example, Quenste.lfs Encriniden, Tab. 101, figs. 23, 39a ;
Austin's Criuoidea, pi. xiii. fig. Ic

;
and

Buckland's Geology (Bridgewater Treatise), vol. ii., pi. liii. fig. 2.

5 Phil. Trans., 1865, p. 540.
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Wyville made no further reference to them except to say that they sometimes remained

permanently in the adult Antedon, usually in groups of three or five. These last,

however, like those already noticed in Pentacrinus (PL XIII. fig. 1), are merely periso-

matic plates developed in the tissue uniting the second radials. Good figures of them

were given by Dr. Carpenter ;' and it is by no means certain that they are a further

development of the primitively .single plates which appear between the orals and basals,

for the direct continuity of the two structures ha.s never been definitely traced.

I am inclined to believe that where they do appear in ordinary Comatulse these

primary calyx- interradials eventually undergo resorption like the orals and the anal

plate. But they are permanent in Thaumatocrinus (PI. LVI. figs 1-4), as are also

the orals (fig. 5). This remarkable genus has five calyx-interradials which rest on

liasals and separate the radials just as in certain Ophiurids and in some t}^es of the

Palaeozoic Rhodocrinidse. It is much to be regretted that this extraordinarily interesting

form is only represented by a single individual. For the study of the distribution of

the axial cords within the cal3'x would have been of some importance.

If Thaumatocrinus resembles the ordinary Comatulae and Pentacrinidse, the circular

commissure (PI. XXIV. fig. 9, c.co., i.co.) is formed by both interradial and intra-

radial commissures which connect the paired branches of the five primary interradial

cords (PI. XXIV. figs. 7-9 ; PI. LVIII. figs. 1-3

—

ar) ; and the interradial commissures

must traverse, or at any rate, lie upon the inner surfaces of the interradial plates. But

the general embryonic characters of Thaumatocrinus lead me to think that the arrange-

ment of its axial cords must be more hke that which occurs in Bathycrinus. In this

genus the primary cords do not fork within the basal ring, but pass upwards through it

and enter more or less complete canals which are formed by the apposition of two

grooves, one on each of the contiguous lateral faces of adjacent radials (PI. VII. fig. 6«).

When they reach about half the height of the radials they fork, and the resulting

branches themselves form the interradial commissures, entering the radials by the

apertures in their lateral faces.

I cannot help suspecting that the same condition may occur in Thaumatocrinus, i.e.,

that the primary interradial cords run upwards through the basals into the interradials,

and there fork, one branch entering each of the two radials which are separated by the

interradial lodging the primary cord. This simple condition would correspond very

well with the general embryological characters of the type, as revealed in other ways.

But owing to the want of material there is unfortunately but little chance of the above

hypothesis being verified or disproved.

While resembling the Rhodocrinites in having five large plates separating the radials,

Thaumatocrinus differs from most Palseocrinoids, with the exception of the Platycrinidse,

in the absence of any higher series of interradial plates. Except on the anal side these

1 Phil. Trans., 1866, pi. xxxiii. fig. 7 a, b.
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primary interradials of Thaumatocrinus all end simply in a free rounded edge at the

margin of the disk (PL LVI. figs. 1-3, 5), which is doubtless partly due to the simplicity

f the arms. For these become free at once, and are not connected laterally by perisome,

in which higher orders of radials could be supported. The interradial of the anal side,

however, bears a small tapering appendage of four or five gradually decreasing joints,

which terminates in a blunt point without any connection whatever with the anal tube

near it (PI. LVI. figs. 2, 4, 5). It appears to me to be of the same nature as the so-called

proboscis of Taxocrinus, Gnorimocrinus, Onychocrinus, &c. The anal plates of these

genera do not support a huge " ventral sac," such as occurs in the Cyathocrinidse, but are

of an altogether different nature. Good figures of them are given by Schultze,' Angelin,'

and by Meek and Worthen.^ They may be advantageously compared with figs. 2 and

4 on PL LVI.

According to Wachsmuth and Springer* the first anal plate of Taxocrinus " has a

truncated upper side, and is succeeded by from two to six similar, narrow, quadrangular

plates, longitudinally arranged. The plates diminish in size upwards, and form the dorsal

side of a short and slender lateral proboscis, whose ventral parts, as well as the wall

supporting them, have never been found preserved, and evidently consisted of more fragile

material." A few pages farther on they describe Onychocrinus as follows :
—

" In the anal

area there is a series of from three to five very narrow, quadrangular plates, whieh rests

upon the truncated or slightly excavated upper side of the basal, and forms a small

lateral proboscis as in Taxocnmis. Interradials three to twenty, perhaps more in some

species; the first one large, resting between the first and second radials, the succeeding

ones smaller, rapidly decreasing in size and thickness upward, and having an inward

curvature. They are followed by very minute irregular polygonal -plates, which form

the interradial portion of the vault." Meek and Worthen ^ described this anal series

as resting upon the larger truncated basal, " much as the arms of Platycrinus rest upon

the first radials, and really looking very much like a diminutive arm rising from the anal

area. This arm-like range of small pieces seems never to consist of moi-e than from four

to six or seven pieces, which are so small and narrow as to leave a wide open space

between them and the posterior rays on each side." Subsequently, however, they met

with a specimen showing " the space between the little arm-like range of anal pieces, and

the radials and vault to be occupied by very numerous minute pieces."" These last occur

in each interradius, and are directly continuous with those forming the so-called " vault

"

or ventral disk, just in the same way as the perisomic plates between the rays of recent

Crinoids (PL XIII. fig. 1 ; PL XXXIV. figs. 1,2; PL L. figs. 1, 2), of Extracrinus, and

1 Monographie der Echinodermen des Eifler Kalkes, Bcnksc.hr. d. k. Akad. d. JFiss. Wien., Bd. xxvi., 1866, Taf. iv.

figs. 2, 26, 3, 46.

2 Iconographia Crinnideorum, Stockholm, 1878, Tab. xvii. fig. 8 ; Tab. xx. figs. 9, 13, 16 ;
Tab. xxiii. fig. 5.

3 Palseontology of Illinoi.s, vol. v. pi. xiv. fig. 4.

4 Revision, part ii. p. 46. = Pabeontology of Illinois, vol. ii. p. 243. ^ Ibid., vol. iii. p. 494.

(ZOOL. CHALL. EXP.—PAKT XXXII. 1884.) Ii 6
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of Apiocrinus, are continued upwards on to tlie surface of the disk between the

ambulacra. Wachsmuth and Springer described this ventral disk of Onychocrinus and of

other Ichthyocrinidse as " composed of a more or less soft or scaly integument, yielding

to motion in the body and arms ; "
' and they regard it as homologous with the more

solid vault of Platycrinus and Actinocrinus. I Ijelieve, however, as I shall explain

more fully further on, that this was the real ventral surface of the Crinoid and not

a " vault " at all ; while the so-called proboscis or anal tube with the small interradials

round it is just in the condition which the anal appendage of Thaumatocrinus would

assume, did it exist in a larger Crinoid such as Pentacrmus asteria (PI. XIII. fig. l),

with a well-plated perisome between the rays. This plating may be continued up on to

the disk and to the summit of the anal tube (PI. VI. fig. 4 ; PI. XVII. fig. 6 ; PL XXVI.
figs. 1,2; PL XXXIV. fig. 2 ; PL XXXIX. fig. 2 ; PL LV.).

It unites the lower arm divisions closely together ; and any additional appendao-e

in the anal interradius would naturally be bound in with it, just as the four to seven joints

of the anal appendage in Onychocnnus are bound in with the numerous minute pieces

between the rays. But I see no reason for supposing that such an appendage would

form part of the tube up to its opening, and be in any way grooved on its inner

side. For it seems to taper away rapidly and to l)ecome merged into the general

plating of the anal interradius in the flexible vault, or disk as I should call it. The

passages cjuoted above both from Meek and Worthen, and from Wachsmuth and

Springer, would admit of this interpretation ; and in the first case at any rate, it seems

(from the context) to be the one which was intended. But Wachsmuth and Springer

also speak of the anus of the Ichthyocrinidse as " unknown except in Taxocrinus and

Onychocrinus, which have a small lateral tube."^ This observation refers to the small

appendage already mentioned ; but it must not be understood to imply (as it well

might) that this appendage is hollow and pierced by the rectum.

Some older Crinoids, however, than Taxocrinus and Onychocrinus seem to

have had an anal appendage like that of Thaumatocrinus, which was sometimes

surrounded by numerous minute interradial pieces, so as to form a support to the anal

side of the disk between the rays. I mean the genera Heterocrinus, Hall ; Releocrinus,

Billings ; and Xenocrinus, Miller, all from the Lower Silurian of America.'

According to Wachsmuth and Springer's definition of Reteocrimis, the posterior

' Revision, part i. p. 31. 2 Revision, part i. p. 31.

3 As regards the second of these, I .shall speak of it in the sense in which it is used by AVachsnmth and Springer,

Wetherby, and others (Re^•ision, part ii. p. 191 ; Amer. Journ. Sci. and Arts, April 1883, p. 256). I should say, however,
that S. A. Miller differs from his fellow-workers in America upon this subject, and refers the species grouped under
Seteocrimis hy Wachsmuth and Springer to, at least, three genera (Amer. Journ. Sci. and Arts, August 1883, p. 105 ; and
Joimi. Cine. Soc. Nat. Hist., vol. vi., December 1883, pp. 217-230). As, however, all the species referred by them to this

genus appear to possess an anal appendage like that of Tlutumatocrinus, Unychocrinus, and Taxocrinus, it is obviously

more convenient to consider them all as congeneric, as I am also inclined to do for other reasons (see Phil. Trans.,

1883, pp. 923-933).
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interradial area is wider than the other four " with a conspicuous row of decidedly

larger and more prominent pieces along the median part." Billings ' gave a good

figure of this in Reteocrinus stellaris, and spoke of it as follows :
—

" If this series of

joints constitute a true arm there must be six arms in this species." Miller, who has

examined the original specimen of Reteocrinus stellaris, describes it thus—" Azygous

iuterradial area covered hj a large number of plates, probably one hundred or more,

very unequal in size, the middle row being decidedly larger and more prominent than

the others, so as to form a ridge up the middle. The plates in this row, however,

do not rapidly diminish in size and fade out in their distinctive character before reaching

the top of the vault ; on tlie contrary, they are longer than the primary radials, four of

them reach nearly as high as the secondary radials, and while the specimen is not

preserved above this, enough is disclosed to the palaeontologist to show that this series

continued up the face of a proboscis that extended, may be as far, or farther, than the

arms and the pinnules."

In default, however, of further evidence I prefer to believe that the middle row of

plates in the anal area of Reteocrinus stellaris was of the same nature as, though perhaps

on a larger scale than, that of Reteocrinus nealli, which ]\Iiller describes as follows :

—

" Azygous interradial area covered by fifty or sixty plates, very unequal in size, the

middle row being decidedly larger and more prominent than the others, so as to form a

ridge up the middle, while the other smaller and less prominent ones are crowded in,

irregularly, on each side. The plates in this middle row, however, have no uniformity in

size or shape ; the first one is large and elongated, the fourth is small and subquadrate ;

and the row has become almost obsolete at the sixth plate, where all are nearly of the

same size and scarcely distinguishable from the minute pieces which cover the flattened

vault, and with which they unite." The figures of this type in the Palfeontology of

Ohio (vol. i. pi. ii. figs. 3&, 3c) illustrate this description admirably, the original

specimens having doubtless been seen by Miller; while the figure of Reteocrinus

suhglohosus on the same plate (fig. 2c) shows the incorporation into the body of a

pinnule borne by one of the secondary radials. This pinnule is closely surrounded by

the minute interradial plates, but may be distinguished from them at its origin just as

the anal appendage is. This condition is still better shown in Reteocrinus richardsom,

Wetherby, which has two " fixed pinnules " in the anal interradius, one on either side of

the median appendage. All three are " soldered " together by the minute irregular plates

which pass insensibly upwards into those of the so-called "vault;" and the ordinary

pinnules on the lower parts of the arms after the last axillary are united in just the same

way.^ This condition recurs constantly in the Liassic Extracnnus and in the recent

' Decades of the Geological Survey of Canada, vol. iv. p. 64, pi. ix. fig. 4a.

2 Descriptions of New Crinoids from the Cincinnati Group of the Lower Silurian and the Subcarhomferous of

Kentucky, Joum. Cine. Hoc. Nat. Hist., vol. ii. pi. xvi. figs. 1, la.
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Peutacriniclse aud Comatulse ; and I see no reason to believe that the minute interradials

of Reteocrinus are in any way different from those of the Neocrinoids. But I regard

them as perisomic plates continuous with those of the disk above, which was in no sense

a "vault" like that of the Actinocrinidse. Meek's figure of ReteocHnus nealli^

illustrates this point admirably, and after examining disks like those of Pentacrinus

wyville-thomsoni, Pentacrinus alternicirrus, Pentacrinus naresianus, and Pentacrinus

mollis, together with similar disks in numerous Comatute (PI. XVII. fig. 6 ; PI. XXVI.
figs. 1, 2; PI. XXX. fig. 2; PI. XXXIII. fig. 7; PI. LIV. fig. 10; PL LV.), and also

(thanks to the kindness of Mr. Wachsmuth) that of Reteocrinus nealli, I find it difficult

to believe that the so-called vault of Reteocrinus was anything but the true oral surface

of the animal.

Miller's genus Xenocrimis^ is in this respect essentially similar to Reteocrimis.

" The azygos area is remarkably large and covered in the central part by a vertical series

of plates having about the same size as the regular radial series; and upon each side of the

vertical series there is a depressed area covered by small plates having a tubercle in the

central part, as in the regular interradial areas. There are seven plates, each having a

length about twice as great as its width, in the vertical series, from the basal plate, upon

which the series rests to the top of the vault. This vertical series is continued to the

top of the proboscis, and contains in its entire length more than fourteen plates. It has

such strong resemblance to the radial series, except as to the branching at the secondary

radials, that the general appearance of the body is that of a species having six radial

series." Miller figures the specimen with fourteen plates in the vertical series, and

remarks that we learn from it that "the proboscis extends as high as, and probably

l)eyond the extremity of the arms." He also says that the small plates between the rays

and their subdivisions " continue over the margin of the vault, and undoubtedly cover it,

and also more or less of the long proboscis." I do not see, however, that this so-called

but unknown proboscis is anything more than an anal tube covered by perisomic plates,

as in Extracrinus and so many other Neocrinoids. I also doubt whether Miller is right in

stating that the vertical series is continued to the top of the proboscis, for (to judge from

his figures) he doe^ not seem ever to have met with a specimen perfect enough to show
the top as it is shown in Meek's figure of Reteocrinus nealli.^ But I think it quite

possible that, considering the size of this vertical series, it may have become free at the

top of the calyx as the anal appendage of Thaumatocrinus does (PI. LVI. figs. 4, 5),

instead of tapering away quickly and ending on the lower part of the anal tube as in

Reteocrinus nealli.

The ventral sac or proboscis of Cyathocrinus is usually much larger and more

' Pala?ontology of Ohio, vol. i. pi. ii. fig. 3c.

- Description of some New and Remarkable Crinoids and other Fossils of the Hudson River Group, Journ. Cine. Soc.

Nat. Hid., vol. iv. pp. 72, 73, pi. i. fig. 3
;

pi. iv. fig. 6. 3 Paleontology of Ohio, vol. i., pi. ii. fig. 3c.
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complex in nature than that of Reteocrinus and Xenocrinus. But a transition between

the two appears to be presented by some forms of Dendrocrinus, Heterocrimcs, and

locrinus. A little specimen figured by Meek, and referred to the aberrant type

Dendrocrinus ccisei, shows the anal side very well.^ Meek's description runs as follows :—
" Anal series with the first piece resting dii-ectly upon the upper truncated side of the

heptagonal posterior subradial (i.e., basal) hexagonal in form, and bearing in direct

succession above a series of hexagonal pieces gradually diminishing in size ; while

alternating with these similar small hexagonal pieces can be seen on each side of the

mesial series, for some distance above the body between the free rays, and connecting

with those of the ventral part." His figure is a curious one, and does not quite agree

with his description ; for there seems to be a single large and pentagonal anal plate which

separates two radials and rests in the angle formed by the upper edges of two basals

(subradials, Meek). Upon this plate rests a series of seven gradually diminishing

hexagonal pieces which stand out prominently from the smaller plates at their sides,

just like the middle row of plates in the anal area of Reteocrinus nealli with which

they seem to be comparable. If they supported a ventral sac like that of the typical

Dendrocrinus, it was relatively much larger than that of Reteocnnus nealli, so that

the vertical series of plates would end much farther from its summit than in that

species.

Thus then in Onijchocrinvs, Taxocrimis, Reteocrinus, Xenocrinus, and even in

Dendrocrin us ccisei the anal side shows this regular vertical series of plates which rests

on a basal below and gradually diminishes in size. The only essential difi"ereuce between

it and the anal appendage of Tlmumatocrinus is that it forms part of the body, being

bound in with the rays by minute interradial plates which are not present in the simpler

Thaumatocrinus. But this is often the fate of the lower pinnules in the Neocrinoids

;

and it would assuredly also be the fate of an anal appendage in a Crinoid with the same

calyx-characters as Thaumatocrinus, but standing in the same relation to it as an

extensively plated and multiradiate Comatula does to the naked and ten-armed Antedon

rosacea.

In the Cyathocrinoid genus Heterocrinus there appears to have been an anal append-

age like that of Onychocrinus and Reteocrinus ; but it rested on the upper sloping sides

of two adjacent radials instead of on a basal.

In this type, as in the Cyathocrinidje generally, the capacity of the cup is compara-

tively small, and the visceral cavity within the disk is almost entirely limited to its anal

interradius, which is enormously enlarged, and forms the structure known as the " ventral

sac." In Cyathocrinus itself this is a heavily plated tube, that commences at the ujjper

edge of the " special anal " plate, above which its characteristic porous structure appears

at once. But in Heterocrinus the ventral sac appears to be less robust, while the anal

' PalKontology of Ohio, vol. i. pi. iii. his. fig. 2c, p. 29.



46 THE VOYAGE OF H.M.S. CHALLENGER.

series consists of " a single row of plates, longitudinally arranged, the outer side rounded

and forming a prominent ridge, which gives the appearance of an arm." ^

The physiological condition of this type appears to me to be very similar to that of

Reteocrinus nealli, i.e., the anal interradius is supported l:>y a special row of plates, the

lowest of which are more or less incorporated into the calyx, while the upper ones arc

closely surrounded by perisomic plates.

In Poteriocrinus and Eupacliijcrinus this anal appendage is practically reduced to one

plate, the so-called third anal plate, or the first plate of the ventral tube ; but it rests on

the first anal or azygous plate, which is itself supported by a basal. This azygous plate

is absent in Ceriocrinus, and the first plate of the tube (anal appendage) comes down to

rest directly upon a basal.

Another curious modification is presented by locrinus. The posterior side of the

calyx is occupied by a large plate that rests between two basals and is in line with the

radials. It has been variously described as a radial and as an azygous iiiece." On its

upper surface is a triangular plate which "supports on its right sloping side the usual

number of brachials, and on the left a row of quadi'angular plates, vertically arranged,

extending to the tips of the arms, and forming the posterior wall of a large ventral tube.

In external appearance these plates resemble the brachials and arm plates, only they arc

somewhat higher and not quite as wide ; they are gibbous and form an elevated ridge,

which causes this appendage to resemble an arm or a branch of the ray." This median

ridge extends to the full length of the ventral sac, and it is bordered, just as is the case

in Reteocrinus nealli, by a number of more delicate perisomic plates. I have little

doubt that it served the same purpose in both cases, supporting the anal interradius,

though in no way specially grooved for the reception of the hind gut. It is well figured

by Meek in the Paleeontology of Ohio, vol. i. pi. i. fig. 9?>.

1 Revision, part i. p. 69.

- For further information upon this .subject, see Wachsmuth and Springer, Eevi.*ion, part i. pp. 65, 71 ; and Amer.

Journ. Sci. and Arts, vol. xxvi. 1883, pp. 370, 376 ; also P. H. Carpenter, Quart. Journ. Geol. Soc, vol. xxxviii., 1882,

pp. 306, 30".
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IV.—THE RAYS.

A. The Eay-divisions and Arms.

The arms of a Neocrinoid, viewed in a strictly morphological aspect, must be regarded

as commencing with the first joints beyond the primary radials. The same is the case in

many Palajocrinoids, of which Schultze says, " Die Arme (brachia) beginnen unveran-

derlich da, wo eine deutliche Gelenkfacette eines festen Kelchstuckes ihren Ursprung

anzeigt.'" In the Platycrinidte and other Palseocrinoids, and in all Neocrinoids (except-

ing perhaps Guettardicrinus), this articular face is on the first radial. In the five-armed

Eudiocrinus indivisus the next joints beyond the radials are syzygial, with pinnules on

the epizygals,^ which clearly shows that they must be considered as arm-joints and not as

belonging to the calyx, although they undoubtedly represent the so-caUed second and

third radials of a ten-armed Crinoid. The other species of Eudiocrinus have these two

primitively separate joints not united by syzygy but articulated, just as in Tliamnatocrinus

(PI. LVI. figs. 1-4). The second one bears a pinnule both in Thaumatociinus and in

Eudiocrinus varians; but in Eudiocrinus semperi and Eudiocrinus jcqjonicus the iivst

pinnule is on the fourth joint after the radial. This would correspond to the second

brachial of a ten-armed Crinoid, l^ut it is really the fourth brachial in Eudiocrinus.

Lastly, in Perrier's Eudiocrinus atlanticus '' the first pinnule is on the fifth brachial, which

corresponds to the third brachial of an Antedon.

The well-known genus Rhizocrinus resembles Eudiocrinus indivisus in the syzygial

union of the first two joints beyond the primary radials (PI. X. figs. 1, 2, 6-8, 20).

They have generally been called the second and third radials ; and there is some ground

for this in the case of Rhizocrinus lofotensis, as they are considerably broader than aU the

joints which follow them except the first (PI. IX. figs. 1, 2). But in Rhizocrinus rawsoni

(PI. IX. fig. 3 ; PL LIII. fig. 7) they are not much larger than the four following joints, which

contribute with them to support the visceral mass (PI. X. fig. 20) ; while the first pinnule

is on the last of these, i.e., on the sixth joint above the calyx (PI. IX. fig. 3 ; PL X. fig. 20).

Considering the evidence afibrded by Eudiocrinus, I think, however, that it will be more

consistent to describe Rhizocrinus as having only one radial ; while the first pinnule

would then be on the sixth {Rhizocrinus raiosoni) or on the eighth brachial {Rhizocrinus

lofotensis). The terms second and third radials would then be used only in those cases

where there are ten or more arms, owing to the third radials and more or fewer of the

' Op. cit., p. 5. See also the genus Actinometra, Trails. Linn. Soc. Land. (Zool.), ser. 2, vol. ii. pp. 20-25, 1883 ; Zittel's

Palneontologie, t. i. p. 339; cle Loriol, Paleont. Frang. Terr. Jurass., t. xi. p. 15; WacLsmuth, Revision, part ii. pp. 9, 10.

2 Eudiocrinus and Atekcrinn.s, Journ. Linn. Soc. (Zool.), vol. xvi. p. 495, 1882.

3 Sur des Eudiocrinus de I'Atlautitj^ue et sur la nature de la faune des graudes profoudeurs, Comiites Eendus, t.

xcvi. Xo. 11, p. 726.
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following joints being axillaries. This is in accordance with the nomenclature employed

by Zittel, who speaks of the joint in Cupressocrinus, which is called "articulare" by

Schultze, and "second radial" by Roemer, as a "first brachial ;" while he only describes one

series of radials in the five-armed Pisocnnus} The developmental history of the plates

also indicates clearly that the second and following radials are really arm-joints. For

they commence as imperfect rings, which soon become filled up with lengthening

fasciculated tissue, just as is the case with the stem-joints and later brachials. But the

first radials, like the basals and orals, commence as expanded cribriform films ; while the

endogenous additions by which they are subsequently thickened are cribriform like those

of the basals, and not fasciculated like those of the two outer radials and the following

arm-joints. Messrs. Wachsmuth and Springer " have been led by their study of the

Palseocrinoids to the same conclusion, i.e., that "the arms fundamentally commence with

the second radials ;" although they find in practice that for purposes of description " it is

more convenient to regard the arms as commencing with the first free plate beyond the

calyx." In very many Neocrinoids with ten or more arms this would be the second

radial ; and in the multiradiate Metacrinus (PI. XXXVIII. ; PI. XLIII. fig. 2 ; PI. XLVI.;

Pis. XLVIII.-LII.) this is actually a syzygial joint with a pinnule on the epizygal just

as in the simpler Eudiocrinus mdivisus, but an axillary appears a few joints farther on,

and the rays begin to divide. In the other Pentacrinidae, however, in Bathycrinus,

IIolojMS, and in most Comatulag, as well as in the fossil Encrinus and Apiocrinidse, the

second joints above the primary radials are axillaries, and it is not till the second (or

rarely the first) joints beyond these that pinnules appear. In all these t3'p)es the axillary

and the joint immediately below it are of the same width as the primary radials in the

calyx. But in Marsupites and in many Palaeocrinoids {Platycrinus, Cyathocrinus, &c.)

they are very much smaller than the primary radials, just as the homologous joints are

in Hyocrinus (PL VI.).

The primary radials which form the upper part of the calyx are generally distin-

guished as i\\Q first radials ; while the following joints, as far as the first axillary inclusive,

are called the second, third radials, &c., though they are really only arm-joints as is shown

by their bearing pinnules in Metacrinus (PI. XII. figs. 6, 8 ; PI. XXXVIII. ; PI. XXXIX.

fig. 1 ; PL XLIII. fig. 2 ; PL XLV. fig. 1 ; PL XLVI. ; PL XLVIII. fig. 1 ; PL XLIX.

figs. 1, 2 ; PL L. figs. 1, 8, 10, 14, 16 ; PL LL fig. 1 ; PL LIL fig. 1). Since, too, it is

very convenient for descriptive purposes to use different names for the different regions

of the arms, I see no reason for altering the names by which these plates are generally

known, provided that their real nature is not lost sight of.

The conventional use of the term " radials " for the joints between the calyx and the

1 Palseontologie, pp. 348, 349.

2 Phil. Trans., 1865, p. 541, pi. xxvii. figs. 1, 3 ; Ibid., 1866, pp. 729, 742, pi. sli. fig. 1.

2 Revision, part ii. p. 10.
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first axillary (inclusive) is particularly advisable in tlie case of the Neoerinoids. For

among all the members of this sub-class which have ten or more arms/ Metacrinus is the

only genus besides Plicatocrinus in which the second joint beyond the primary radials is

not an axillary, a character which has 'elsewhere been pointed out as distinguishing the

Neocrinoids from the PaljBOcrinoids.^ In the various types of Comatulse and in some

species of Pentacrinus there is a similar constancy in the number ofjoints which intervene

between the successive axillaries of the dividing arms. I have therefore found it

convenient ' to give special names to the joints composing the primary and secondary

arms respectively, and to restrict the term "brachials" to the joints composing those

portions of the arms which undergo no further division.

The joints of the primary arms maybe called " distichals," a term no longer used with

the precise meaning which Miiller attributed to it ;
* while the joints of the secondary

arms (if there be any) may be termed " palmars." These names are of much use in

descriptions of Comatulse ; for in this family the number and character of the segments

between the successive divisions of the arms exhibit variations which are, to a great

extent, constant in different species, and thus give us the means of classifying them into

larger or smaller groups.^

The Pentacrinida3, however, exhibit a much greater irregularity in this respect ; and

they also present more exceptions to the following rule, which holds good in almost all

the Neocrinoids. The first two joints beyond every axillary of the dividing rays are

united to one another in the same manner, either syzygy or bifascial articulation, as the

second and third radials are. Thus, for example, there is a syzygy between the two outer

radials of Uncrinus, and another between the two lowest brachials. In Apiocrinus and

Millericrinus the corresponding joints are respectively united by bifascial articulations.

This rule holds good in all the ten-armed Comatulse, whether the joints are articulated

{Antedon rosacea) or united by syzygies {Actinometra solans); and it is equally true in

all the many-armed species with the exception of two groups of Actinometrae, together with

a few unusually aberrant types. In one group, which is represented by Actinometra

multiradiata, the two outer radials and also the first two of the three distichals are

articulated by ligaments only; but in all the subsequent arm divisions there is a

muscular joint between the first two segments after each axillary, and the second one is

traversed by a syzygy, whether it be itself an axillary or a free brachial, while the first

bears a pinnule. Another variation occurs in Actinometra typica, Actinometra novce-

rjuuiecB, and their allies. These forms have three distichals in the primary arms, the

first two of which are articulated, while the axillary is a syzygy ;
but the two outer

1 This passage does not refer to Promachocrinvs, in which genus there are ten primary rays.

2 On AUagecriuus, &c., Ann. and May. Nat. Hist., ser. 5, vol. vii., 1881, p. 296.

' Actinometra, Trans. Linn. Soc. Land., (Zool.), ser. 2, vol. ii. p. 24.

^ Ban des Pentacrinus, p. 31.

• Classification of Comatuhe, Proc. Zool. Soc. Land., December 1S82, pp. 74C, 747.

(zool. ClULL. EXP.—PART XXXII. 1S84.) 1' "i



50 THE VOYAGE OF H.M.S. CHALLENGER.

radials are united by syzygy, as are the first two joints beyond the distichal and all

subsequent axillaries. Except in these and a few other cases, however, there is a very

great uniformity throughout the arm-divisions of the Comatula3.

In five of the eight recent species of Pentacrinus the two outer radials form a

syzygy, and in correspondence with this the lowest distichals and brachials are similarly

united in paii-s (PL XII. figs. 18, 21 ; PI. XV. figs. 1,2; PI. XVI. fig. 1 ; PI. XVIII.

figs. 1-3, 8, 11 ; PI. XIX. figs. 1,6,7; PI. XXL figs. Id, 2d, 5a ; PI. XXV.; PI. XXVI.

figs. 4, 5, 8). On the other hand, the ten-armed Pentacrinus naresianus has a bifascial

articulation between the two outer radials, and also between the two lowest brachials,

just as in Antedon rosacea (PL XXX. figs. 1, 11, 12, 16, 17). But in Pentacrinus

decorus and Pentacrinus blakei the rays divide twice or thrice ; and though the two

first joints beyond the lowest axiUaries resemble the outer radials in being articulated by

ligaments, yet there is a muscular joint between the two lower brachials of the ultimate

arms, the second of which is usually a syzygy (PL XXXI. figs. 1, 2 ; PL XXXII.

figs. 16-18 ; PL XXXIV. figs. 3, 6; Pis. XXXV.-XXXVIL).
The syzygial union of two arm-joints is of a somewhat peculiar character. For

the hji^ozygal entirely loses its individuality as a separate segment of the arm, and

bears no pinnule as the epizygal and the remaining brachials do (PL XII. fig. 9;

PL XV. fig. 3; PL XXX. figs. 1, 19, 20, 23; PL XXXa. figs. 10a, 106, 12a, 12h;

PL XXXII. fig. 4 ; PL L. figs. 6-16). Thus, for example, in very nearly all ComatulgB

the original third and fourth joints of the growing arm difi"cr from those which ultimately

appear beyond them. For " whilst the majority of these gradually come to possess the

true articulations, and to be separated by the intervention of muscles and ligaments, a

certain small proportion become more intimately united on a simpler plan, which admits

of no motion between them." ^ The double or syzygial joints thus formed resemble the

ordinary brachials in bearing but one pinnule, and they are therefore best considered as

single joints. In Antedon rosacea, for example, the thii-d and fourth, the ninth and

tenth, and the fourteenth and fifteenth joints of the growing arm are respectively united

in pairs by syzygy ; but the arm is best described as having syzygies in the third, eighth,

and twelfth joints. So again in the numerous Comatula3, such as Actinometra parvicirra,

which have axillaries on some or all of the primary arms. Counted from the third radial,

the distichal axillary is primitively the fourth joint. The first, as is almost invariably

the case, bears no pinnule, whde the second has a pinnule, but the third not, for it is

united to the following (axillary) joint by a syzygy. The first ray-di\'ision would therefore

be described as consisting of three distichal joints, the second bearing a pinnule, and the

third (axillary) a syzygy.

The same arrangement occurs in the genus Metacrinus, which is distinguished from

Pentacrinus and from all other Neocrinoids by having, not three radials only, but

1 Phil Trans., 1866, p. 721.
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primitively five or eight. Two instances in which Pentacrinus varies in the direction of

Metacrinus have come under my notice. One is in Pentacrinus miiUeri (PL XV. fig. 2).

The second and third radials are articulated, but the latter is an axillary with a syzygy,

so that there are primitively four radials. In the other case {Pentacrinus decorzis) there

are seven primitive joints in the ray. The first two above the primary radials are

united by a bifascial articulation, while the axUlary is a syzygy. I have elsewhere de-

scribed two specimens of MlUericrinus pratti in which there are four radials, in one case

on two out of the five rays (Quart. Journ. Geol. Soc, vol. xxxviii. p. 35, pi. i. fig. 23).

Similar variations occur among the Comatulse. In one Antedon that I have examined,

one of the rays consists of five joints, the axillary being a syzygy ; while in individuals

of two other species, the axillary rests directly upon its first radial, the second radial

having remained undeveloped. "When there are five radials in Metacrinus, as in Meta-

crinus angxdatus, the third and fourth bear pinnules ; but the second does not, for it is

united by syzygy to the third, and has lost its individuality as a separate joint (PI. XII.

figs. 5-10; PI. XXXIX. fig. 1). The radials of Metacrinus a«^wZai«s, therefore, are

practically four in number, the second of which is a syzygy and bears a pinnule like the

third.

In Metaxirinus nodosus, on the other hand, there are primitively eight radials, but

besides the syzygy between the second and third, there is another between the sixth and

seventh ; so that there are really only six joints, all of which except the first and last

(axdlary) bear pinnules, while the second and fourth have syzygies, and are as much

single arm-joints as the third brachial or any other syzygial joint in the arm of Antedon

rosacea (PL L. figs. 1, 6-16 ; PL LI. fig. l).

In Encrinus, Extracrinus, and in most recent species of Pentacrinus, as also in a few

Comatulae (Actinometra Solaris, Actinometra typica, &c.), the two outer radials and the

first two joints beyond them are respectively united by syzygy. On the principle ex-

plained above, each pair would therefore be considered as forming a single joint, so that

the true third brachial (itself a syzygial pair) would come to be the second. This would

involve our describing these forms as having but two radials, the axillary with a syzygy,

and syzygies both in the first and in the second brachials. I think, however, that this

would be misleading, and make the diS'erence between this type and that of Antedon

rosacea and Pentacrinus naresianus appear much greater than it really is.

The presence of three radials is such an absolutely constant character in all the five-

rayed Neocrinoids excepting Metacrinus and PUcatocrinus,^ that the fact of the outer

ones being united by syzygy and not articulated seems to me to be of minor importance

;

and I do not assign to it the same morphological value as the syzygial union of the third

and fourth primitive brachials, in which the former loses its pinnule. No Crinoid with

> Zittel has described a six-rayed e:fample of this gemis, in which the first joint above the cup (called by him the

first brachial) is axillary as in many Pala-ocrinoids [Sitzurifjsb. d. II. CI. h. baier. Akad. d. TFiss., 1882, Bd. i. p. 105).
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three radials ever has a pinnule on the second one; and when this becomes the hjiiozyo-al

of a syzygy, it does not therefore lose its indi\'iduality, as is the case with the hypozygals

of the ordinary brachial syzygies. Almost the same may be said respecting the first two

brachials. Most Comatulse, hke Pentacrinus naresianus (PI. XXXa. figs. 1, 10a, 106,

12a, 12b), have a syzygy in the third brachial with a bifascial articulation between the

two preceding joints, of which only the second bears a pinnule. Hence, when these

two are united by syzygy, as in Actinometra Solaris, Actinometra typica, &c., the lowest

or hypozygal loses no individuality as an arm-joint. They are, therefore, better

described as the first and second brachials, and not as a first brachial which "is a syzygy."

This method has the advantage of retaining the third brachial as a syzygial joint as a

condition which is common to by far the larger number of Comatulte. For it is only in

a very few species hke Actinometrafimhriata and Actinometra multiradiata that there is

^ syzygy in the second brachial and a pinnule on the first, as is often the case in

Metacrinus. This is an entirely different type, and arises from the coalescence of the

23rimitive second and third joints of the growing arm.

Syzygial unions of two primitively separate arm-joints occur with great regularity

throughout the arms of the Comatulse. In the two principal genera Antedon and

Actinometra, there are large groups of species typified by Antedon eschrichti and

Actinometra parvicirra respectively, in which syzygies occur at tolerably regular inter-

vals of three joints. It is rare, however, to find a perfectly regular arm, especially in

the latter species, in which the "syzygial interval" may vary from to 10 joints.^ In

other species the interval may be as much as twenty joints or more ; while it is occasion-

ally two, as in Antedon rosacea, and in rare cases one joint only, as in Ehizocrinus. But
it is generally possible to find a considerable amount of regularity in the number of joints

which form the syzygial interval in any given species, and this is often of some value for

systematic purposes.

Among the Pentacrinidee, however, this is only the case to a very slight extent. The
syzygial interval is perhaps most regular in Pentacrinus naresianus (PI. XXVIII.) ; but

it is long as in many tropical Comatulae, and in other Pentacrinidse the brachial syzygies

are usually " few and far between."

In Rhizocrimis and Hyocrinus, on the other hand, the syzygial union of the primitive

brachials is carried on to a very great extent. In the former genus syzygial and muscular

unions alternate with one another continuously from the calyx to the arm-ends (PI. IX.;

PI. X. fig. 20 ; PL LIII. fig. 7). In Hyocrinus (PI. VI. figs. 1, 2), as was well described

by Sir Wyville Thomson,^ the five arms " consist of long cylindrical joints deeply grooved

within, and intersected by syzygial junctions. The first thi'ee joints in each arm consist

each of two parts separated by a syzygy ; the third joint bears at its distal end an
articulating facet from which a pinnule springs. The fourth arm-joint is intersected by

' Actinometra, he. cit., p. 49. 2 Jctm, i,:,j,(, gg^^ ig^^^ (Zool.), vol xiii. p. 52.
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two syzygies, and thus consists of three parts, and so do all the succeeding joints ; and
each joint gives off a pinnule from its distal end, the pinnules arising from either side of

the arm alternately." In this type, therefore, two-thirds of the arm-joints lose their

individuality altogether. They bear no pinnules and take no part in the movements of

the arms. In Rhizocrinus half the brachials are in the same condition ; while more than

half are devoid of pinnules, as the lowest pinnule-bearing joint is the sixth or sometimes

even the eighth primitive brachial (PI. IX.).

It is worth notice that the modes of arrangement of the arm-joints which are

characteristic oi Hyocrinus and Rhizocrinus respectively, are precisely paralleled by the

condition of certain species of the Palaeozoic Heterocrinus. Thus in Heterocrinus con-

strictus, Hall, the pinnules are borne alternately on opposite sides of the arm by every

third joint ; and I have little doubt, from the figures of the arms which are given both by
Hall

' and by Meek," that each group of three joints is intersected by two syzj-gies just

as in Hyocrinus (PI. VI. fig. 1).

On the other hand, the alternation of syzygies and muscular joints, which is so

characteristic of Rhizocrinus, also occurs in Heterocrinus simplex ; and JMeek's figures "

show that the opposed syzygial surfaces were striated as in Apiocrinus and Comatula, and
not plain as in Pentacrinus and Rhizocrinus.

It has been pointed out already * that the supposed syzygies in the arms of Bathy-

cnnus (PI. YII. fig. 2 ; PI. VIII. figs. 1,2; PL Villa, fig. 1) are really articulations of a

peculiar type, though the fossse and vertical ridge are barely visible in the outer parts of

the arms, and would probably have escaped notice altogether, but for the very marked
differences from ordinary syzygial surfaces which are presented by the apposed faces of

the two outer radials, or of two of the paired lower brachials (PL Vila. figs. 16, 19, 20, 22).

Nevertheless, the proximal joint of a pair so united resembles the hypozygal of a syzygy

in the non-development of its pinnule ; and it might therefore be urged that every pair

so united should be properly considered as a siugle joint, just as in the case of a syzvgial

pair which only bears a pinnule on the epizygal. It must be remembered, however, that

the syzygial union is an immovable one, which is far from being the case with any arti-

culation, whether bifascial or trifascial ; and the reasons given above for retaining the

individuality of the two outer radials and of the first two joints beyond any axillary, even

when they are united by syzygy, apply equally well in the case of Bathycrinus. For the

hypozygal joints of syzygial pairs are not the only ones which never bear pinnules. The
lower joint of every pair forming a bifascial articulation is distinguished in the same way,

e.g., the first joints of the various arm-divisions in most Comatula^, and the first brachials

of Pentacrinus naresianus (PL XXXa. fig. 12?>). The same is also true in the many-
armed Pentacrinidse, when there are many joints in an arm-division and the axillary is

1 Twenty-fourth Annual Report on the New York State Museum of Natural History, Albany, 1872, pi. v. figs. 13, 14.

2 PaL^ontology of Ohio, vol. i. pi. i. fig. 10. 3 ijji^i^ pi. j. gg. 7.
'

4 j^^te, pp. 8, 9.
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united to the preceding joint by a bifascial articulation instead of by syzygy. In fact it

is a general rule in all Crinoids that pinnules are only borne by those joints which are

united to their successors by paired muscular bundles.

The hypozygal in the brachial syzygies may be fairly considered as losing its indi-

viduality. Not only does it bear no pinnule, but it takes no part in the movements of

the arm. But when two joints are united by ligamentous bundles on either side of a

vertical ridge, they are able to share in the lateral movements of the arm, though not in

those of flexion and extension ; and it therefore seems unreasonable to consider a pair so

united as equivalent to one joint only.

Sir Wyville Thomson was accustomed to regard the stem and its appendages as

constituting the " vegetative system " of the Crinoid, as distinguished from the more

strictly animal portions, viz., the cup and arms. In describing Rhizocrinus for example,^

lie specially alluded to the great " preponderance in bulk of the vegetative over the more

specially animal parts of the organism ;" and he subsequently pointed out that in

Hyocrinus and Bathycrinus,'^ as in Rhizocrinus, there is "a comparatively excessive

development of the vegetative system." This was generally the case throughout the

Bourgueticrinidse and Apiocrinidse, none of which have any very great number of arm-

joints, though the " body " may be considerably enlarged with the help of the upper

part of the stem. Thus, for example, d'Orbigny^ describes two twenty-armed species

of Millericrinus, each reaching a total length of one metre, out of which the calyx and

arms together only take up 86 and 94 millimetres respectively, less than one-tenth of

the whole ; while in one ten-armed species the calyx and arms together only measure

29 out of 920 millimetres.

Among the Palseocrinoids there is considerable variation in the relative development

of the stem as compared with the body and arms. The latter are often absent altogether,

as in the Blastoids * and many Cystids ; while they are few in number and poorly

developed in Haplocrinus, Pisocrinus, Symbathocrinus, &c. On the other hand, the

body and arms, so enormously developed in Crotalocrinus, are quite extensive in

many Cyathocrinidse and Actinocrinidfe ; luit the stem is often large and complicated

at the same time, as in Barycrinus and Megistoci^inus.^

In the Liassic Extracriuidse the stem, immensely developed as it may be, still falls

considerably short of the body and arms in the complication of its structure. Extixicrimis

briannts has a comparatively short stem ; but in Extixicrimis siibangularis it may
exceed 50 or even 70 feet," with but few cirri except near the calyx, and those

' "Porcupine" Crinoids, Proc. Roy. Soc. Edin., vol. vii. p. 771.

2 Jonm. Linn. Soc. Land. (Zool.), vol. xiii. p. 48.

^ Hist. Nat. dea Crinoides, pp. 39, 41, 44.

The so-called " pinnules " of the Blastoids cannot be properly compared to those of the Crinoids, for they do not

seem to have contained the genital glands.

5 Eevision of the Paloeocrinoidea, vol. i. pp. 14, 15.

<= Encriniden, pp. 271, 291.
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only small ones. The arms, however, reach an enormous development, and Quenstedt

calculates the total " Krone " to contain not less than five million pieces.^

In the recent Pentacrinidte the arms are generally well developed in proportion to

the stem. This proportion is of course least in young individuals, as shown in

Pis. XXXV. and LL, while it is greatest in forms like Pentacrinus mulleri, Pentaciiniis

maclearanus, Pentacrinus ivyville-thomsoni, and Pentacrinus alterniciri'us (Pis. XIV.,

XVI., XIX., XXV.). These lead a semi-free existence, owing to the fracture of the stem

at a node, as was probably also the case in Extracrinus briareus with its large

" Krone."

Among the Comatulidge the vegetative system is reduced to a minimum, as they have

no stem in the adult condition. The arms, however, are often very extensively developed,

far more so than in any recent Pentacrinidse. The ultimate arms of a Pentacrinus or

Metcwrimis do not often exceed forty in number ; and they rarely consist of more than

one hundred joints, though twenty or thirty more may intervene between the last

axillary and the calyx (Pis. XIV., XVI.; PI. XVIII. fig. 1 ; PL XIX. fig. 1; PL XXV.;
PL XXVIIL fig. 1; PL XXXI. fig. 1; PL XXXIV. fig. 1; Pis. XXXVIIL, XL., XLII.i

PL XLIII. fig. 4 ; PL XLIV. fig. 2 ; PL XLV. fig. 1 ; Pis. XLVL, XLVIII. ; PL XLIX.
fig. 1 ; PL LII. fig. 1). On the other hand, although there are quantities of ten-armed

Comatulse, very many species, especially of Actinometra, have from forty to sixty arms;

some, like Actinometra hennetti, and Actinometra schlegeli, eighty or more; and in a few

gigantic types like Actinometra nohilis- there may be over one hundred arms. Further, the

number of arm-joints is generally from one hundred and twenty to one hundred and fifty,

apart from the syzygies ; while in a large Antedon eschrichti or Actinometra hennetti and

in other multiradiate species of the latter genus there may be over two hundred arm-joints.

Nearly all of them bear pinnules, which are often very long until quite near the arm ends.

But in Metacrinus and also in Pentacrinus, though to a considerabl}^ less extent, the

development of pinnules stops short some little way from the extremity of the arm ; and its

outermost segments bear little stumps of two or three joints only, or may even show no

signs of pinnules at all (Pis. XXV., XXVIIL, XXXL, XXXIV., XXXVIIL, XL., XLIL;
PL XLIIL fig. 4; Pis. XLIV., XLVL, XLVIII., XLIX., LL, LIL).

The same peculiarity is repeated on a smaller scale in the ambulacral plates of the

pinnules. Those of Comatulje (when present) are continued almost to the end of the

pinnule (PL LIV. fig. 6). But in the Pentacrinidte the last few pinnule joints, some-

times even four or six, are totally devoid of any ambulacral plating (PL XV. figs. 7-9
;

PL XVI. fig. 2 ; PL XLI. fig. 9 ; PL XLVII. fig. 10 ; PL XLIX. fig. 7 ; PL LII.

fig. 5). The same is the case with the extremities of the arms. In fact, both in the

persistence of the stalk and of the external basals, and also in the nature of the arms,

' Encriniden, p. 292.

2
- The specitic formula of this type is—a . 3 . - . .3 . 3 . -j- .
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the Pentacrinidse show very clearly that they are rightly regarded as permanent larval

forms of the Comatulse.

Rhizocrinus and BafJiycrinus, with their relatively large vegetative system, manifest

the same character in another way, viz., the absence of pinnules from the arm-bases

;

though the ambulacral plating is continued to the end of both arms and pinnules

(PI. VII. figs. 2, 7 ; PI. VIII. figs. 1,3, .5 ; PL Villa, fig. 1). There is good reason to

believe that the late appearance of the basal pinnules (excepting on the second brachial)

is a marked developmental character among the Comatulse;^ and in one genus, Aicle-

crimis, the first pinnule is as far out as the twelfth brachial, the lower pinnules not

developing at all. In Rhizocrinus rawsoni it is on the epizygal of the third syzygial pair,

or the sixth primitive joint, and in Rhizocrinus lofotensis on the epizygal of the fourth

pair (PI. IX. figs. 1-3) ; while in Bathycrinus it may be as many as eleven joints from

the radial axillary, though occasionally only eight or nine (PI. VIII. figs. 1, 3).

In aU the genera of living Crinoids, with one singular exception, the mouth is situated

at or near the centre of the disk (PI. III. fig. 2 : PI. VI. fig. 4 ; PL VII. fig. 3 ; PL XVII.

figs. 6, 10 ; PL XXVI. figs. 1, 2 ; PL XXXIV. fig. 2 ; PL XXXIX. fig. 2; PL LV. figs. 3-7
;

PL LVI. fig. 6), and the arms are about equally developed on all the five rays. But in

the large Comatulid genus Actinometra the mouth is excentric or even marginal (PL LV.

figs. 1,2; PL LVI. figs. 7, 8) ; and there is frequently a considerable amount of difference

in the development of the oral or anterior, and the aboral or posterior arms.

Even when all the arms are provided with food-grooves on the ventral surface as in

other Crinoids, those which come oif round the mouth are usually longer, sometimes

considerably so, than those which spring from the hinder j^art of the disk ; while in other

species the anterior and posterior arms are all grooved and aU equal in length, but the

distribution of their syzygies is quite different.

A great many species of Actinometra, however, are characterised by a still more

striking difference between the anterior and posterior arms. The former have a wide

food-groove of the usual character and a well-developed tentacular apparatus at its sides,

while they always appear to end in a " growing point." The posterior arms, on the other

hand, have an ungrooved and convex ventral surface, which is without any respii-atory

tentacles at all (PL LVI. fig. 7). They are only about half the length of the grooved

anterior arms, and, therefore, taper much more rapidly, while they terminate in an

axillary segment which bears two pinnules of the ordinary character. The genital glands

which they contain are usually far more developed than those of the anterior arms. Not
only are there more fertile pinnules, though the total number of pinnules may not be

much more than half that of an anterior arm ; but the portions of the glands wdthin these

pinnules also attain a greater size than in the oral arms, the basal and median pinnules

of the latter being usually less swollen than the corresponding pinnules of a posterior arm.

1 Preliminary Report on tlie Comatute of the Caribbean Sea, Bull. Mws. Comp. Zool., vol. ix.. No. 4, pp. 14, 15.
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A similar inequality in the development of the genital glands has been noticed by Prof.

A. Agassiz as occurrinfi; in the Echini.'

This frequent difference in length between the anterior and the posterior arms of

Actinometra, accompanied by the difference in the character of their terminal pinnules,

seems to be to some extent dependent upon the condition of the respiratory apparatus

occupying their ventral surface. When this is well developed the arm seems to have the

power of indefinite growth. For in a great many individuals of various species which

have all the arms grooved and tentaculate like those of Antedon, there is no very

appreciable variation in their length or in the development of their genital glands.

Thex-e appears to be no rule of any kind resjiecting the condition of the arms in any

given species of Actinometra. In the case of Actinometra pai'vicirra, for example, I have

seen individuals with thirty-three arms, all of which were grooved and tentaculate ; wdiile

in another with thirty-one arms as many as nineteen were grooveless and unprovided

with tentacles. All sorts of gradations between these two extremes will be found in any

large collection of Actinometrce.^ Half the species of this genus which were dredged by

the Challenger have more or fewer ungrooved and less developed arms. They may
occasionally be found upon the anterior rays ; while in Actinometra nobilis and

Actinometra magnijica,^ which have one hundred arms or more, several of those on each

ray are short and less developed, with neither food-groove nor tentacles on their ventral

surface (PI. LVI. fig. 7).

Even in the normal grooved arms of Actinometra the lower pinnules are frequently

grooveless and non-tentaculate, just as the hinder arms may be (PI. LXI. fig. 3). Some-

times only three or four, sometimes as many as forty, are in this condition, being more

or less swollen by the development of the genital glands within them ; but they do not

receive any branches from the brachial ambulacrum, which is itself often but imperfectly

developed (see woodcut, fig. 4, p. 113). This ungrooved condition of the lower pinnules

may also occur on all the arms of some species of Antedon ; and it is especially remarkable

in types like Antedon accela and Antedon angusticalyx,* which have a strongly plated

ventral perisome. The aml)ulacral grooves of all the arms and of the later pinnules are

well protected by plates (PI. LIV. figs. 4, 7, 8, 9) ; but they do not extend on to (about)

the first twenty pinnules which contain the large genital glands, though the latter are

protected by a very close and regular pavement of anambulacral plates (PL LIV. figs.

1-3, 5). In other species, however, which have equally j^lated pinnules, such as Antedon

incerta,^ the ambulacra extend over their ventral surface in the usual way (PI. LIV. fig. 6).

1 Revision of the Ecliini, part iv. pp. 680, 681. - Actinometra, loc. cii., pp. 31-41.

^ The speci&c formula of this type is—a .3.2.3.3. ^ .

• The following are the specific formula' of these tyj^es : A ntedon accela,-^

A

. 10 . — ; ^ ntedoii angusticalyx,—A . 3 . —
.

5 The specific formula of Antedon incerta is—A . 10 . — .

(ZOOL. CHALL. EXP.—PART XXXII.—1884.) li 8



58 THE VOYAGE OF H.M.S. CHALLENGED.

B. The Pinnules.

The pinnules are repetitions of the arms on a small scale, and are especially adapted for

the protection of the genital glands (PI. Vc. figs. 7, 8, 10, t ; PI. VII. fig. 7 ; PI. X. fig. 20).

In no case is a pinnule developed earlier than the second joint above the first radials

of the calyx. This condition occurs in the two five-armed genera Thaumatocrinus

(PI. LVI. figs. 1, 2) and Eudiocrinus. One species of the latter {Eiidiocrinus vanans)

has this second brachial free and capable of lateral movement, while in another

(Eudiocrinus indivisus) it is the epizygal of a syzygy. The corresponding radial joint

of Metacrinus is of the same character, and there are pinnules on each of the following

radials as far as the axillary (PI. XXXVIII. ; PL XXXIX. fig. 1 ; PI. XLIL; PL XLIII.

fig. 2; PL XLIV.; PL XLV. fig. 1 ; PL XLVL; PI. XLVIII. fig. 1 ; PL XLIX. fig. 1
;

Pis. L.-LII. fig. 1). But in the majority of Neocrinoids which have the third radial

an axillary, the preceding joint bears no pinnule, while it sometimes contributes to the

enlargement of the cup.

Pinnules are always absent from every axillary joint, from the h}'pozygal of every

syzygy (PL XXXa. fig. 106; PL XXXII. figs. 4, 6, 13, 14; PL L. figs. 11, 12), and

also from the lower one of every pair of joints which are united by a ligamentous articii-

lation ; so that in the great majority of Comatulse, as in some species of Pentacrinus,

the first joint after each axillary bears no pinnule. In the former group too the pinnules

on the third and the four or five following brachials which form the arm-bases, do not

appear till after those of the eighth and following joints, though the pinnule of the

second brachial is developed comparatively early ; while in Atelecrinus, Rhizocriwus, and

Bathycrinus more or fewer of the lowest brachials are permanently devoid of pinnules.

The lowest pinnules of the Comatulse, and in a less degree those of the Pentacrinidse

also, usually differ somewhat from their successors ; and they may present a variety of

characters, which are of considerable value in the discrimination of species, owing to

the comparative constancy of their occurrence. They are frequently distinguished by

the presence of spurs or keels upon their basal joints, as in Actinometra Solaris ; or they

may be long, slender, flexible, and flageUiform, as in Antedon rosacea ; or they may be

stifi", straight, and spine-like, as in Antedon protecta; or they may have large prismatic

basal joints, as in Metacrinus (PL XXXVIIL; PL XXXIX. fig. 1 ; PL XLIIL figs. 2, 4
;

PL XLIV. fig. 2; PL XLVL; PL XLIX. figs. 1, 2; PL L. figs. 1, 2; PL LIL fig. 1);

or the dorsal surfaces of their joints may have forward projecting keels, as in Pentacrinus

asterius (PL XIII. figs. 1, 14).

Dr. Carpenter^ has observed that the first pinnules of the ten-armed Antedon rosacea,

which habitually arch over the disk and are much longer than their successors, are

1 On the Structure, Physiology, and Development of Antedon (Comatula) rosaceus, Proc. Roy. Soc, vol. xxiv., 1876,

p. 226.
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extremely susceptible of irritation. When thej^ are touched in the living animal, the whole

circlet of arms is suddenly and simultaneously coiled up over the disk ; while irritation of

one of the ordinary pinnules is simply followed by the flexion of the arm which bears it.

The structure of these "oral pinnules," which in Antedon rosacea and allied sj^eeies

are borne l^y the second brachials, differs very considerably from that of the pinnules

on the other arm-joints. For not only are they sterile, but they have neither

tentacular apparatus nor ambulacral groove. Their ventral surface is slightly

convex, instead of being concave, as in the ordinary arms and pinnules ; while the

ciliated ambulacral epithelium, together with the subjacent nerve and radial blood-vessel,

are also absent. This appears to be the case with the oral pinnules of almost all

Comatulse ; while in some species of Actinometra whole arms, with all the pinnules which

they bear, are in the same condition.

In the Pentacrinidaj, however, the lowest pinnules of the rays are usually all grooved

like their successors, and not devoid of the ambulacra with all their accessory structures, as

in the Comatulse (PI. XXXIV. fig. 2). In fact the pinnule-ambulacra of Metacrinus

often start directly from the peristome or from the five primary groove-trunks of the

disk, instead of from the particular branches corresponding to the arms which bear the

pinnules (PI. XXXIX. fig. 2 ; PI. XLIII. fig. 3 ; PI. L. fig. 2).

The fact that the pinnules are only arms in miniature is very well shown by the

process of their development at the terminal growing points of the young arms. The

first indication of a pinnule is the formation of a fork at the growing point, the two

limbs of which are at first almost equal (PI. XXXV. fig. 1). "One of these rami,

however, grows faster than the other, and soon takes a line continuous with that of

the axis of the arm, from which the other diverges at an acute angle, so that the former

comes to be the proper extension of the arm, while the latter soon takes on the

characters of a pinnule. Ere long, however, the growing point of the arm again

subdivides ; two branches are formed as previously ; and whilst one of these becomes a

continuation of the arm, the other is soon to be distinguished as a pinnule given off from

it on the side opposite to that of the first formed pinnule." ^

In all the Neocrinoidea, -with the exception of Hijocrinus, the pinnule borne by any

joint is small in comparison with the arm of which that joint is a part. But in this

aberrant genus (PI. VI. figs. 1, 2) the pinnule-bearing joints have rather the appearance

of axillaries. For the pinnules are large in proportion to the arms, and are nearly equal

in length to the parts of the arms which are beyond the joints where they originate, so

that the outer ends of all the pinnules, as well as those of the arms, meet nearly on a level.

Hence the pinnules of Hyocrinus have some resemblance to the "armlets" or smaU and

undivided but pinnule-bearing arms which come off from the inner faces of the axillaries

of Extracrihus. But their function as pinnules is shown by the way in which they are

1 Phil. Trans., 1866, p. 734. See also Tram. Linn. Soc. Land. (Zool.), ser. 2, vol. ii., 1877, p. 40, pi. ii. figs. 4, 6.
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enlarged to receive the fertile portions of the genital glands, no part of these appearing

in the arms (PL Vc. figs. 7, 8, 10, t\ PL VI. fig. 1); while they have no appendages of

their own as the armlets have in Extracrinus.

The peculiar pinnule arrangement of Hyocrinus helps us to understand why there

are no pinnules upon the axillaries of multiradiate Crinoids. These may be considered

as ordinary pinnule-bearing joints, so modified that the pinnule and the continuation of

the arm which bears it are equal in size or nearly so. As mentioned above, this is in

fact the mode of formation of the pinnules at the growing points of the arms, as is well

shown in a very young individual of Pentacrinus decorus (PL XXXV. fig. 1). The

joint which bears the last formed pinnule is an axillary with two nearly equal distal

faces ; and the pinnule can only be distinguished from the continuation of the arm by

the greater length of its component joints. Furthermore, in the short posterior arms of

Acfinometra, the only ones in which the normal mode of termination has been observed,'

the last joint is an axillary which bears two pinnules of the ordinary character.

In Rhizocnnus (PL IX. figs. 4, 5) as in Hyocrinus (PL VI. figs. 1, 2) the pinnule-

bearing joints have very much the appearance of axillaries with unequal distal faces; and

a similar inequality is shown by the axillaries of Extracrinus, each of which bears an

" armlet " on one face and the continuation of the main arm-trunk on the other.

Numerous instances of reparation after injury also indicate the close similarity of

arms and pinnules. A very common one, sometimes to be met with in Antedon rosacea,

is as follows :—The epizygal of the thiixl brachial is broken away, carrying with it aU the

outer part of the arm, as well as the pinnule which it bears. But it is replaced by an

axillary with two distal faces, from each of which an arm eventually grows out, one or

other of them perhaps dividing again, as in the specimen of Pentacrinus decorus shown

on PL XXXVI. On the other hand, in an abnormal individual of Metacrinus angvlatus,

the eighth distichal is not an axillary, as is usually the case. But it is somewhat swollen

and has a slightly larger pinnule than the preceding joint, so that it resembles an axillary

with unequal faces. In the specimen of Actinometra strota which is represented on

PL LV. fig. 2, one of the second brachials of the right posterior ray bears two fully

developed pinnules instead of an arm and its own proper pinnule, so that it looks like an

axillary. There is no disk-ambulacrum corresponding to this undeveloped arm.

Considering therefore the fundamental identity of arms and pinnules, one would

scarcely expect that an axillary joint which gives rise to two arms (often unequal in size)

should bear a pinnule as well (see pp. 347, 358).

The pinnule arrangement of Hyocrinus is totally unlike that of any other Neocrinoid,

although, according to Sir Wy-ville Thomson,^ we have something very close to it in some

species of the Palaeozoic genera Poteriocrinus and Cyathocrinus. These names were

probably employed by Sir Wyville in the -svide sense, and not with the restricted meaning

' Actinometra, loc. cit., p. 40, pi. ii. fig. 6. ^ Journ. Linn. Soc. Land. (Zool.), vol. xiii., 1876, p. 52.
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which they now possess. There are no true pinnules in Ci/athocrinus proper, but only

repeatedly branching arms, which must therefore have contained the genital glands ; and

each of the branches borne by one of the lower axillaries may fork again several times, so

that they cannot be compared to the long, undivided pinnules of Hyocinnus (PI. VI.

figs. 1, 2). In Poteriocrlnus, on the other hand, the successive arm-joints bear pinnules

which are not specially difi'erent from those of Neocrinoids ; while the mode of branching

of the arms resembles that characteristic of Pentacrinus miilleii, and more especially of

EMracrimis, the axillaries being generally limited to the outer arms of the ray, and

having unequal distal faces.
^

It is in the curious genus Barycrinus, which was separated from Cyathocrinus by Mr-

Wachsmuth, that we find the nearest approach to the pinnule-arrangement of Hyocrinus.

According to Wachsmuth and Springer^ "all the main arms, instead of bifurcating,

give ofi" at regular intervals, alternately on opposite sides, and from the inner margins of

the plates, short, rounded, simple armlets, which in most species throw ofi" secondary

branches as in Botryocrinus, and these armlets here as there, probably performed the

office of pinnulae." Barycrinus lioveyi, var herculeus, M. and W., is one of the excep-

tional species in which the armlets are simple and without secondary branches. The

excellent figure of it which is given by Meek and Worthen^ shows these armlets

to come off" alternately on opposite sides just as in Hyocrinus, but from every second

joint, instead of from every third (PI. VI. figs. 1, 2). They have unfortunately never

been found in a perfect condition ; and we cannot tell therefore whether they reached

to the level of the top of the arms proper as in Hyocrinus, though Meek and Worthen's

description seems to indicate that such is the case.

The diff"erence between these armlets of Barycrinus herculeus and those of Extra-

crimis is that the former seem to bear no pinnules as the latter do, and must therefore

have contained the genital glands ; while they come off alternately from opposite sides of

the main arm-trunk, and not from its inner one only as in Extracrinus.

We have seen that the pinnule of a Neocrinoid is practically a reduced copy of an

arm, but modified by the great development of the fertile portion of the genital gland

which it contains, that part of the gland which is confined to the arm being usually

sterile and known as the " genital cord " or " rachis " (PL Vc. fig. 1 ; PI. Villa, figs. 4, 5 ;

PI. LX. fig. 6—^c).
Although it would seem improbable that the pinnules of Palseocrinoids are essentially

different in nature from those of the Neocrinoids, Messrs. Wachsmuth and Springer

have attempted to show that the small alternating plates covering the brachial ambu-

lacra of Cyathocrinus are homologous with the pinnules of the Actinocrinidaj and

Platycrinidse. These are long, comparatively slender, and closely arranged side by side

1 See p. 277. - Revision, part i. p. 101.

^ PalEeontology of Illinois, vol. v. pi. xiii. fig. 2.
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just as on the feathery arms of Antedon eschriditi and hosts of other Comatulse ; and

they are obviously of the same nature as the pinnules of Neocrinoids generally. " When

the arms are closed, the two series of pinnulse of one arm are laid upon each other so

neatly, that the arm-furrow must have been thereby perfectly shut off from the surround-

ing water. No additional covering has yet been observed in these genera, and it was

evidently unnecessary. All this seems to point to the conclusion that the pinnulse had

the same functions, partly at least, as the alternate plates in Cyathocrinus, &c., and as

both have the same position, and evidently could be opened and closed by the animal,

we do not hesitate to consider the latter as the homologue of the former, or in fact

as rudimentary pinnules."^

The first sentence of the above passage concerning the pinnules of ActinocHnus and

Plati/crinus would apply equally well to any Comatula or Pentacrinus, whether the

ambulacra be plated or not (PI. XIII. fig. 13; PL XIV.; PL XVII. fig. 1 ; PI. XXVII.

fig. 13; PL XXXIII. fig. 3; PL XLL fig. 11; PL XLVII. fig. 12; PL LIV. fig. 1).

As regards the last paragraph, I cannot help thinking that it aftords an instance in

which analogy has been mistaken for homology.

The overlapping of the pinnules so as to cover in the ambulacra may occur in all

recent Crinoids ; while the grooves of the pinnules themselves, like those of the arms

and disk, are often bordered by two more or less distinct rows of minute movable

alternating jilates, the "covering plates." These may themselves be sujDported on

" side plates," thus making four rows in all, which are sometimes very fully developed

as in Hyocrinus, together with many Pentacrinidse and Comatulse (PL Vc. figs. 9, 10;

PL Villa, fig. 5—c;^^. PL XIII. figs. 15, 16 ; PL XVII. fig. 8 ; PL XXVII. figs. 4-6, 11-13;

PL XXXIII. figs. 1-4; PL XLL figs. 4, 11-13; PL XLVIL figs. 10-12; PL XLIX.

figs. 6, 7 ; PL LI. figs. 11, 12 ; PL LII. figs. 5, 6 ; PL LIV. figs. 4, 6-9). Similar plates

occur on the pinnules of Actinocrinidas and Platycrinida3, their grooves being " covered

by a double series of very minute pieces, though, owing to defective preservation, this

covering is rarely observed."^ These pinnules "fit together so neatly and cover the

arm-furrow so perfectly that additional plates were scarcely needed."'

A teleological argument of this kind is, however, no proof that the brachial ambulacra

are unprovided with plates in Actinocrinus and Platycrinus, when there is a double

series on the pinnules which they bear ; and, as a matter of fact, the evidence afforded

by the Neocrinoids is all against this view. Hyocrinus, Bathycrinus, and Phizocrinus

all have covering plates on the arms as well as on the pinnules (PL Vc. figs. 8-10
;

PL VI. figs. 1-4 ; PL VII. figs. 2, 7, 8 ; PL VIII. figs. 3, 5 ; PL Villa, fig. 1 ; PL IX.

figs. 1-4 ; PL X. fig. 20). The first of these has side plates on the pinnules (PL Vc.

figs. 9, 10, sp.), but they are not distinctly difi"erentiated on the arms; and the sarne is

the case in the Pentacrinidse and Comatulse. But except in Pentacrinus maclearanus

1 Re\dsion, part i. p. 25. - Ihid., yMi ii. ji. 25. ^ Ibid., p. 24.
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(PL XVI. figs. 2, 3 ; PI. XVII. fig. 1), with its extraordinarily narrow arm-groove, the

ambulacral pkiting of the pinnule always arises from a similar but less defined skeleton

on the brachial ambulacrum (PL XVII. figs. 7-9 ; PL XXXIII. figs. 3, 4 ; PL XLI.

figs. 4, 13 ; PL LIV. fig. 7). This is itself directly continuous with the ambulacral

plates of the disk; while the perisomic plates, which may appear at its sides (PL XXVII.

figs. 6, 13 ; PL XLI. figs. 4, 13), are in like manner connected with the anambulacral

system over the arm-bases (PL XXVI. figs. 1,2; PL L. fig. 2). Wachsmuth's own

beautiful observations have demonstrated the existence both of anambulacral and of

ambulacral covering plates on the upper surface of the body, beneath the vault of

Actinocrinus ; and since the latter also appear on the pinnules, it seems unreasonable

to doubt their presence on the arms.

But if, as I firmly believe,, brachial covering plates occurred in Actinocrinus as in

Cyathocrinus, what becomes of the supposed homology between these covering plates in

the latter genus and the pinnules of the former type ?

Mr. Wachsmuth appears to me to have been much nearer the truth when he suggested

that the many little branches of the bifurcating arms in Cyathocrinus performed the

functions of pinnules,^ though he gave no explanation as to what these functions were.

In recent Crinoids, and most probably therefore in the fossil ones also, the functions of the

pinnules are threefold, viz., (l) the protection of the fertile portions of the genital glands,

which are all connected together by the sterile rachis in the arm
; (2) respiration

;

(3) alimentation.

Dr. Carpenter - has pointed out that the Crinoids are very closely dependent for the

maintenance of their life upon pure, well aerated water. He alludes to the importance

of the pinnated arms in bearing a vast aggregate of tubular tentacles by which

respiration is efi"ected ; and regards it as probable " that the ordinary pinnules are

specially related to the function of respiration, in virtue alike of their proper branchial

canals, and of the ambulacral canals and the tubular tentacula with which the)' are

furnished."

This process of respiration was doubtless effected just as well by the tentacles

connected with the water-vessels in the many-branched arms of Cyathocrinus, as by

those on the pinnules of Actinocrinus or Comatula; and there is no reason why the

genital glands should not have been contained in these pinnule-less arms, for they

frequently extend from the pinnules down into the arms both in Holoptis (PL Vc.

figs. 1, 2, ov.), in many Comatute (PL LXI. fig. 3), and even in Pentacrinidse ; so that

they often appear in section as taking the place of the sterile genital cord, which unites

the more fertile portions of the gland that are contained in the successive pinnules.

The third great function of the pinnules of a Crinoid arm is to present as large an

' Notes on tlie Internal and External Structure of Palseozoic Crinoids, Amer. Jovrn. Sci. and Arts, vol. xiv. p. 120.

2 Phil. Trans., 1866, pp. 701, 702.
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area as possible of the ciliated ambulacra! grooves on their ventral surface in order

to catch the minute organisms in the surrounding water which might serve as food, and

send them down the ambulacra of the arms towards the central mouth. For this purpose,

as for that of respiration, the repeated branching of the long arms of Cyathocrinus would

be as effective as the development of pinnules on the successive joints of less divided arms

in other Crinoids. The three great functions of these pinnules would thus have been

performed without difficulty by the branching arms of Cyathocrinus. But for which of

them are the covering plates of the arm-grooves at all adapted, and how far can these

plates be considered as repetitions of the arms on a small scale? To each of these

questions only a negative answer is possible.

The covering plates of recent Crinoids may be found closed down over the food-groove

after death (PI. XIII. %. 16; PI. XVII. fig. 7; PL XXVII. fig. 12; Ph XXXIX.
fig. 12 ; PL XLVII. fig. 10 ; PL LI. fig. 12 ; PL LII. fig. 6; PL LIV. figs. 4, 6); but they

are just as often met with in a more or less erect position, thereby opening the food-

groove to the exterior (PL Vc. figs. 8-10; PL Villa, fig. b—cp. PL XVII. figs. 2, 8, 9;

PL XLVII. figs. 4, 13; PL LI. fig. 11 ; PL LIV. figs. 7-9). Just in the same way the arms

are frequently closed round the disk in the dead animal (Pis. XVIIL, XIX.,XXV., XXVIIL,

XXXL, XLv., XLIX., LII.) ; while in other cases they are more or less expanded, as

they were during life (Pis. XXXIV., XL., XLIL). Messrs. Wachsmuth and Springer argue,

however, (l) because the arm-groove of the fossil Cyathocrinus is closed by covering

plates which could be opened and closed by the animal (as it is in the dried arm-fragment

of Pentaciinus asterius which is shown in PL XVII. fig. 7), and (2) because the arm-

groove of Actinocrinus must have been perfectly shut off from the surrounding water

by the apposition of the pinnules whe7i the arms were closed; therefore the covering

plates of Cyathocrinus are homologous with the pinnules of Actinocrinus.

But what advantage is it to the animal to have its arm-grooves closed up, whether

by covering plates or by pinnules, and so shut off from the surrounding water ? It

could not breathe properly in this condition, neither could it get its food. None of the

food particles which one finds so frequently in the alimentary canal of a Criuoid,

e.g., Radiolarians, Foraminifera, Diatoms, &c., could enter the food-grooves of the arms

if they were closed by covering plates or by the apposition of the pinnules over them.

The habitual expansion of the arms is essential to the whole life of a Crinoid, and

Prof. L. Agassiz has well described their movements in the living Rhizocrinus. " We
had the Crinoid alive for ten or twelve hours. When contracted the pinnules are

pressed against the arms, and the arms themselves shut against one another, so that

the whole looks like a brush made of a few long coarse twines. When the animal opens,

the arms at first separate without bending outside, so that the whole looks like an

inverted pentapod ; but gradually the tip of the arms bends outward as the arms

diverge more and more, and when fully expanded the crown has the appearance of
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a lily of the Lilium Martagou type, in which each petal is curved upon itself, the

pinnules of the arms spreading laterally more and more as the crown is more fully

open. . . . When disturbed, the pinnules of the arms first contract, the arms straighten

themselves out, and the whole gradually and slowly closes up."^

Taking all these facts into consideration, I cannot liut feel that a homology is of

no real value when it is based upon the physiological condition of the arm-grooves in

the dead animal, and still more in the fossil forms, closed up as they are in every

possible way, especially when this condition is one which the living animal only assumes

when disturbed, and cannot long maintain without the risk of being both starved and

suffocated. The whole point of Wachsmuth and Springer's argument, however, is

based upon this closure of the arm-grooves by pinnules and covering plates respectively

;

and they attempt to support the proposed homology by certain morphological considera-

tions, which must now be discussed.

On each side of the brachial ambulacra of Cyathocrinus ioivensis there are, according

to Wachsmuth,'^ two rows of minute alternating plates, six to each arm-joint. A
similar structure is shown in one of Angelin's figures of an arm-fragment of Gissocriiws

punctuosus,^ though in another figure only one row of plates is visible at the side of the

ambulacrum instead of two, while the explanation of the figures simply says, " Digiti

cum pinnulis magnitudine aucta." A somewhat different structure appears in Cyatho-

crinus longimanus figured on the preceding plate.* In this species, according to

Wachsmuth and Springer,^ " there are in place of only two, a series of five successive

plates from each side, alternately arranged. The plates of each side taper toward the

end and enfold over the furrow, covering it as perfectly and in the same manner as in

the two former cases {i.e., Cyathocrinus iowensis and Gissocrimis punctuosus). Angelin

gives no description, but in his table of contents he calls the successive plates ' pinnulse.'

"

Although, however, Angelin may have used the word " pinnulse " for these lateral plates,

I doubt how far he meant to imply any correspondence with the true pinnules of

Actinocrinus and Platycrinus and other types in which they occur. For in his definition

of Crotalocrinus he gives the same name to the lateral processes of the arms by which

they are united into the well-known complex network ; and he then continues, " Perisoma

ventrale totuni assulis variantibus tectum ; assulse ambulacrales minutse, biseriatas ;d)

imis brachiis usque ad extremes digitos radiatim exeunt, quarumque numerus prout

digitorum numerus magis magiscj^ue per repetitam dichotomiam increscit.
"

'^ The magni-

ficent figure which he gives of the ventral surface of an expanded Crotalocrinus pulcher

'

shows that the minute ambulacral plates on the arms are identical with the covering

' Quoted l)y Pourtales, On a New Species of Ehizocrinus from Barbadoes, Mem. Mus. Comp. ZooL, vol. iv.,

No. 8, p. 29.

^ Amer. Joum. Sci., vul. xiv. p. 121. ^ Iconographia Crinoideorum, Tali, x.wii. fig. 1/
'' Ibid., Tab. xxvi. figs. 4, 5. ^ Revision, part i. pp. 24, 25.

* Iconographia Crinoideonun, p. 26. ' Unil. Tab. viii. fig. 6 ; see also Tab. xxv. tigs. 15, 17.

(zOOL. CHALL. EXP.—PART X.M.XII.—188-t.) li 'J
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plates on the arms of Gissocrinus, which he described in his generic diagnosis^ as

" jaiuuulje brevissimfB verrucseformes." They do not correspond to the " assulje ambida-

crales " of Gissocrinus ; for these, as pointed out by Wachsmuth and Springer,^ are the

joints of the arm-bases which are recumbent upon the vault, being raised above the

general level, and " covered by small alternating plates like the free arms."

Thus, then, the expression " pinnulse " was used by Angelin for three different tj'pes of

structure in Hahrocnnus, Grotalocrinus, and Gissocrimis respectively. The first of these

represent the true pinnules of recent Crinoids ; while, as was first recognised by Zittel,'^

the plates on the arms of Gissocrinus represent the " Saumplattchen " which Mliller had

described on the ambulacra of Pentacrimis. He takes the same view of the plates which

Angelin called "rudimenta pinnularum semiglobosa" in Cyathocrinus ramostis. The

corresponding plates in Cyathocrinus longivumus have indistinct cross markings ; and

Messrs. Wachsmuth and Springer have interpreted this as indicative of segmentation into

pinnule-joints ;* for they speak jjositively of " two rows of five successive plates each, one

row being given off from the right, the other from the left side of the furrow, and perfectly

covering it." The arms of Cyathocrinus, however, are only single-jointed ; and they

state elsewhere ^ that " in double-jointed arms every joint at each side bears a pinnule,

while in those with single joints the pinnules are found only on alternate sides." But

Angelin's figures show that on five arm-joints there are twelve of these rudimentary

pinnules, six on each side, while in Gissocrinus there are from four to six on each arm-

joint. In spite of these facts, however, Wachsmuth and Springer give it as their opinion

that these plates which cover in the ambulacral groove in the arms are the homologues of

the pinnules, though too rudimentary to be ranked as such.^ [See p. 84.]

The chief point of their position (and they make the most of it) is the apparent

segmentation of the " rudimentary pinnules " into five joints, as shown in Angelin's

figures of Cyathocrinus longimanus. It would be very desirable if this could be verified

on the actual specimens. The presence of two rows on each side of the ambulacrum in

Cyathocrinus, Gissocrimis, &c., is nothing unusual ; for they represent the side plates and

covering plates of Neocrinoids, of which there may be from five to seven to one arm-joint.

Precisely similar plates occur on the pinnules as well as on the arms ; and they also form

part of the skeleton round the radiating tubes beneath the vault of Actinocrimis " which

connect with the ambulacral furrows in the arms." ' But I think that Wachsmuth and

Springer would hesitate before considering the two upper rows of plates in these radiating

tubes as "rudimentary pinnulfe."

1 Iconograpliia CrinoiJcnrum, p. Id. ^ Revision, part ii. p. 91. ^ PalKontologie, pp. .338, .354.

< Revision, part i. pp. 24, 82. ^ Und., part ii. p. 24. " Ibid., part i. p. 82. ' Ihid., part ii. p. 28.
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v.—THE VISCERAL MASS.

The body-cavity enclosed between the dorsal skeleton and the ventral i^erisome of a

Crinoid consists of two principal parts, which have been conveniently designated by

Ludwig ^ as the " intervisceral " and the " cii'cumvisceral " ccelom respectively. In some

Comatulge, such as Antedon rosacea and Actinometra strota,^ these two divisions of the

eoelom are very distinctly separated; while in other types, such as Antedon esclirichti,

Actinometra parvicin^a, and also in the stalked Crinoids, it is difficult to fix a definite

boundaiy between them. In the former case the coiled digestive tube, which is covered

in above by the ventral perisome, is protected below by a continuous sheet of connective

tissue. This forms a definite membrane enclosing the lower part of the visceral mass or

disk, and has been spoken of as the visceral layer of the peritoneum.^ In Antedon rosacea,

Actinometra strata, and similar forms, this visceral layer is only loosely attached to the

parietal layer which lines the interior of the cup formed by the rays and arm-bases. The

result is that a comparatively slight amount of violence is sufficient to separate the

visceral mass from the calyx and to tear the amljulacra across at the arm-bases. The

whole visceral mass, including the digestive tube and plexiform gland, together with the

circumoral rings of the blood-vascular, water-vascular, and ambulacral nervous systems,

is very apt to be turned out of the calyx, which is then left to swim about on its own

account.

The so-caUed " recent Cystidean," Hyponome sarsii of Loven,* is, in fact, nothing

more than the much-plated visceral mass of an Antedon common at Cape York (PI. LV.

figs. 3, 4) ; and the same thing may happen to the disks of the equally abundant

Actinometra strota and Actinometra juhesi. Several of these isolated disks were dredged

by the Challenger, together with a number of entire individuals and some eviscerated

calices ; and Sir WyviUe Thomson informed me that he had observed them perform slow

movements of locomotion over a flat surface ; while we know from Dr. Carpenter's

experiments that the e^ascerated but arm-bearing calyx of Antedon rosacea will execute

the usual graceful movements of swimming as perfectly as the entire animal had

previously done.^

The characters of the perisome covering the ventral surface of a Ci'inoid vary con-

siderably. It may be more or less completelj^ covered \>j plates (PI. VI. figs. 1-4

;

PI. XVII. figs. 6, 10; PI. XXVI. figs. 1, 2 ; PI. XXX. fig. 2; PI. XXXIII. fig. 7;

PI. XXXIV. fig. 2 ; PI. XXXIX. fig. 2 ; PI. XLIII. fig. 3 ; PL L. fig. 2 ; PL LV.
;

1 Beitrage zur Anatomie der Crinoideen, Zeitschr. f. wiss. ZooL, Bd. xsviii. pp. 306-308.

- Tlie specific formula of Actinometra strota is—a . R . 10 .
—
2 a

' Proe. Boy. Soc. Land., vol. xxiv. pp. 213-215.

< On Hyponome Sarsii, a recent Cystidean, Canadian Naturalist, N. S., vol. iv., 1869, pp. 265-268.

= Proc. Roy. Soc. Lond., vol. xsiv. p. 453,
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PI. LVI. fig. 5), or it may be entirely bare to the naked eye, although microscopic

examination usually reveals the presence . of calcareous spicules at the sides of the

amljulacra. Its thickness and consistency vary greatly, more particularly in the arms.

In Thaumatocrinus (PI. LVI. figs. 2, 4), Atelecrinus, Promachocrimis, some species of

Eudiocrinus, in many of the ten-armed Antedons of the temperate and Arctic Seas, and

also in those from the greatest depths (1000 to 2900 fathoms), the ventral perisome of the

arms is quite thin and delicate, except in the median line, where it is occupied by the

ambulacra. These are consequently brought close down upon and between the muscular

bundles, which are distinctly visible through the thin layer of perisome that covers them.

In Actinometra, however (PI. LV. figs. 1, 2; PL LVI. fig. 7), and also in the larger

tropical Antedons, the ventral perisome of the arms is relatively thick and substantial,

and no muscular bundles show through it at the sides of the ambulacra. These pass over

the arm-bases on to the disk, where they are usually raised, sometimes considerably so,

above the general level of its ventral surface. They converge towards the radial centre,

where they unite into a smooth flattened space, the peristome ; and somewhere in this

space, though not necessarily in its centre, is the opening of the mouth.

In all recent Criuoids, with the single exception of the large Comatulid genus

Actinometra,^ the peristome is situated at or near the centre of the disk (PI. III. fig. 2 ;

PL VI. fig. 4 ; PL VII. fig. 3 ; PL XVII. figs. 6, 10 ; PL XXVI. figs. 1,2; PL XXXIV.

fig. 2; PL XXXIX. fig. 2; PL XLIII. fig. 3; PL LV. ; PL LVI. figs. 5, 6).

The same was doubtless the case, both in the fossil species of these genera, and also in

the allied but extinct genera of Neocrinoids, e.g., Cotylccrinns, Eugeniacrinus, Apio-

crinus, Marsupites, &c.; while the Blastoids and most, if not all, of the Palaeocrinoids

present the same character.

In all the Comatulte which have a central mouth, five primary ambulacra diverge

from the peristome and fork more or less frequently according to the number of arms

which they have to supply (PL LV. figs. 3-7). This may also be the case in the Penta-

crinidse, more especially in those species which have a small number of arms (PL XVII.

fig. 6 ; PL XXX. fig. 2 ; PL XXXIII. fig 7 ; PL XXXIV. fig. 2 ; PL L. fig. 2). But

in the multiradiate species the amljulacra of the disk are often quite irregular in their

arrangement (PL XVII. fig. 10; PL XXVI. figs. 1, 2) ; and in the case of Metacrinus

the ambulacra of the large lower pinnules sometimes start directly from the peristome

or from one of the large primary groove-trunks, instead of from one of the subdi\dsions

of the latter (PL XXXIX. fig. 2 ; PL XLIII. fig. 3 ; PL L. fig. 2).

The brachial ambulacra of -the regular Crinoids, which have no very great develop-

ment of limestone in their ventral perisome, are usually well defined and bounded

laterally by elevated folds of the perisome. The edge of each fold is cut out into a

series of minute marginal leaflets ; while at the base of each of these, and to some extent

' See Appendix, Note C.
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protected by it, is a group of three tentacles arising from the radial water-vessel. These
groups of tentacles alternate on the ojiposite sides of the ambulacrum along the whole
length of the arm, and they accompany its lateral branches on to the pinnules.

In the irregular genus Actinometra the mouth is not central or sub-central, but
excentric or even marginal. It is sometimes radial in position, as in Actinometra strata

and Actinometra jukesi (PI. LV. figs. 1, 2),^ and sometimes interradial, as in Actino-
metra magnifica (PI. LVI. fig. 7) ; while the number of ambulacra diverging from the
peristome may vary, especially in the multiradiate species, from four to ten or even more.
In most cases, however, the large interpalmar area which contains the central or sub-
central anal tube is bounded by two large aboral groove-trunks, which form a horse-shoe
shaped curve, and give ofi" the ambulacra of the lateral and posterior arms. If the mouth
be radial these grooves are often tolerably equal and symmetrically arranged as in
Actinometra strata and Actinometra jukesi (PI. LV. figs. 1, 2). But in types with an
interradial mouth like Actinometra magnifica or Actinometra stelligera (PI. LVI.
figs. 7, 8),^ the right or western limb of the curve is much larger than its fellow. [See

p. 88.] The latter supplies the arms of the left lateral ray only; while the larger right

limb represents the posterior ambulacrum combined with part or the whole of the rioht

lateral ambulacrum as well.

In many forms of Actinometra more or fewer of the arms which arise from the
posterior and postero-lateral portions of the disk are in the ungrooved and non-tentacu-
late condition, as has been already described ; and the disk ambulacra corresponding to

them are less developed than those of the normal grooved arms. In fact they may be
altogether absent in some of the large multiradiate species such as Actinometra magnifica
and Actinometra nohilis, l)oth of which are remarkable for the presence of ungrooved
arms on each ray. In Actinometra magnifica for example, which has an interradial

mouth (PI. LVI. fig. 7), not only are all the seventeen arms of the hinder ray entirely

unprovided with food-grooves, but more or fewer of the closely crowded arms on each of
the other rays are in the same condition, as they do not receive branches of the dividino-

groove-trunks which supply their fellows.

Faint lines are sometimes visible, indicating the directions which these grooves should
have taken, i.e., the positions of the simple water-vessels which are distributed to the
ungrooved arms, but give oQ" no tentacular branches. This is particularly well seen in the
case of the posterior ray and parts of the hinder divisions of the two lateral rays of Actino-
metra magnifica (PI. LVI. fig. 7). The primary groove-trunk, which leaves the right lower
corner of the peristome to supply the right and posterior rays, divides into two principal
branches before reaching the equator of the disk in which the anal tube is situated.

1 The specific formula of ^cHnomeira Mm is-a.R.^f-^; •''^,7'?"°^, 1.

•^ The specific formula of Actinometra stelliyera is— a . 2 . 2 . — .
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One of these supplies most of tlie arms in the anterior division of the right ray, and the

other most of those in its posterior division. But some of the arms in both divisions

receive no groove at all ; and there is only a faint line on the arm-bases indicating the

course of the water-vessel which proceeds to the hindermost arms of this ray, while

there is a similar line on the eastern side, indicating the course of the water-vessel

suppljnng the hinder arms of the left ray. [Compare fig. 3 on j). 92.]

The posterior ray, however, has no separate ambulacrum of its own upon the disk

;

and the right limb of the usual horse-shoe shaped cm-ve is therefore incomplete. At the

point where the large and widely open primary groove-trunk forks into the two divisions

of the right lateral ambulacrum, a faint line may be seen starting from its inner side.

This is all that there is to represent the posterior ambulacrum. It curves backwards

round the margin of the disk to its hinder edge, gradually becoming less and less distinct

the farther it goes, until its ultimate branches to the arm-bases are only traceable with

the greatest difficulty. All the arms of this ray are therefore unpro^dded with ambulacra,

and with most of the structures which are correlated with their presence (PI. LXI. fig. 3).

They have neither blood-vessel nor ventral nerve, and their water-vessels are simple

tubes like the integumentary water-vessels of the MolpadidsB.

These variations in the development of the ambulacra on the disk and arms of

Actinometra have somewhat important morphological bearings, as will be explained in a

later chapter. Curious malformations of the disk are occasionally to be met with among

the Crinoids. Thus in the disk of Metacrinus angulatus, which is represented on

PL XXXIX., there are two anal tubes of unequal size, between which I found a Myzostoma

reposing. Three monstrosities of Comatula disks have also come under my notice. In

one case, an Antedon, there are two anal tubes as in Metacrinus angulatus, but of more

equal size ; while in another, Actinometra stelligera, there are not only two anal tubes,

but also two mouths (PL LVI. fig. 8). The true mouth is interradial, and there is a

large sub-central anal tube immediately behind it, as in all species of this genus. But

there is also a second anal tube occupying the interval between the posterior ambulacrum

which curves round the western portion of the disk, and the liranches of the lateral

ambulacrum on its eastern side. This is very irregular in its character, and expands at

one portion of its course into a second peristome in which is a small mouth. Lastly, in

a specimen of Antedon rosacea from Milford, only four ambulacra reach the central mouth,

while the fifth (the left antero-lateral) has a second mouth all to itself (PL LVI. fig. 6).

A, The Okal Plates.

The well-known oral plates which are so characteristic a feature in the Pentacrinoid

larva of Antedon and Actinometra are resorbed before maturity is reached. But they

persist through life in Holopus, Hyocrinus, Rhizocrinus, and Tliaumatocrinus, imme-
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cliatcly suiTouudiug the peristome and covering it more or less completely (PI. III.

fig. 2; PI. Vc. fig. 6, 0; PI. VI. figs. 3, 4; PI. X. figs. 7, 20; PI. LVI. fig. 5).

Their rudiments appear in the free-swimming larva simultaneously with those of the

basals, which are developed spirallj^ round the right peritoneal tube ; while the orals

appear in a similar spiral around the left one.

The skeleton is at first limited entirely to these two rings of plates, the edges of

which meet around the equator of the growing cup, though they ultimately become

separated by the appearance of the radials between them.

At the base of the closed pyramid formed by the oral plates is the upper portion of

the larval body, in the centre of which the opening of the mouth is formed. The rest of

the space above the circular lip and beneath the oral pyramid is occupied by the

tentacular vestibule. This, according to Goette,^ is derived from the left peritoneal tube,

and contains the fifteen first formed tentacles which are borne on the water-vascular

ring. At a certain period of development the five valves of this oral pyramid graduaUj-

separate so as to open the mouth to the exterior and allow of the protrusion of the

tentacles ; while the fioor of the original tentacular vestibule, with the mouth in its

centre, becomes the peristome of the growing Crinoid. Five of the tentacles correspond

to the intervals between the oral valves ; and a conical projection, the commencement of

a ray, appears at the base of each of them. The growing rays are supported by the first

radial plates, which appear in the rapidly expanding equatorial portion of the body, i.e.,

the band of jierisome between the upper edges of the basals and the lower edges of

the orals. As the rays grow the second radials appear between the bases of the orals,

and the equatorial band continues tii increase in diameter. But the orals maintain their

original position round the mouth, so that they become completely separated from the

basals and radials by the equatorial perisome and are relatively carried inwards, while the

second radials project somewhat outwards. The diameter of the oral circlet continually

decreases in proportion to that of the disk, which enlarges rapidly as new arm-joints are

added in succession. The orals are thus left as a circlet of five separate plates protecting

the peristome in the centre of the upper surface of the disk ; and the ambulacral grooves

extend outwards between the bases of the orals, as the growing rays carry the first

formed tentacles away from the water-vascular ring.

In all the Pentacrinidae, and also in the Comatute, with the single exception of

Thaiunatocrinus (PI. LVI. fig. 5), the orals eventually undergo a process of resorption,

which commences in the latter case before the young Comatula detaches itself from the

larval stem, so that no traces of the orals are to be found in the adult. Neither are

there any in the adult Bathycrinus cddrichianus (PL VII. fig. 3), nor even in the young

Bathycrinus gracilis (PI. Villa, fig. 1) ; though according to the observations of

Danielssen and Koren they would seem to be present in Bathycrinus carpenteH, l)ut in a

' Vergleichende EntwickelimgsgescHchte der Comatula Mediterrauea, Archivf. mikrosk. Anat., Bd. xii. ji. 621.
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reduced and partially resorbed coudition.^ In Rhizocrinus, Hyocrinus, Holopus, and

Thatimatocrinus they persist through life, and in each case present a different stage of

development.

The orals of Holoinis retain their embryonic position, and are scarcely separated at all

from the first radials, coming into close relation with the inner faces of these plates, while

the arms are altogether above and outside them (PL III. fig. 2). But in Hyocrimis

(PI. Vc. fig. 6, 0; PI. VI. figs. 1-4) and also in Thaumatocrinus (PI. LVI. fig. 5),

though still relatively large, they are separated from the edges of the radials by a

marginal zone of perisome which is jiaved with closely-set plates, and occupies about one-

fifth of the total diameter of the disk.

The orals appear to be unequally developed in the two living species of Rhizocrinus.

In Rhizocrinus Iqfotensis they would seem either to undergo some amount of resorption,

or else to remain in a comparatively undeveloped condition. For they are figured and

described by Sars " as minute valvule-like plates which occupy the central ends of the

triangular interpalmar fields on the disk ; so that there is a comparatively large amount

of perisome between their bases and the edge of the disk, just as there is in many young

Comatulse after separation from the stem. In Rhizocrinus raivsoni, however, they are

relatively larger, and their bases approach more closely to the lower brachials, from which

they are only separated by a narrow band of perisome (PI. X. figs. 7, 20).

Under these circumstances, therefore, it is hardly to be expected that the orals

should be preserved in the fossil species of Rhizocrinus ; for as they are only united

to the calyx by membrane, the)'' would naturally become separated from it when the soft

parts were destroyed. In all the recent Comatulse, with the exception of the archaic

type TJiaumatocrinus (PI. LVI. fig. 5), they are resorbed before maturity is reached
;

and if this was not the case in the fossil species, they probably persisted in somewhat

the same form as in Rhizocrinus. Even in Holopus there is no very close connection

between the orals and the tubular cup (PL III. figs. 1, 2) ; and the type is so rare in the

fossil state, that specimens with the orals preserved are not likely to be found.

In the Palseocrinoids, however, the orals reached a greater development than in the

later Neocrinoids, resembling rather the solid plates of Holoxms and Hyocrinus (PL III.

fig. 2 ; PL Vc. fig. 6 ; PL VI. figs. 1-5) than the mere films of delicate limestone

network which represent them in Rhizocrinus and in the Comatulai. It will, however, be

more advantageous to postpone the discussion of the nature and position of the oral

plates in the Pateocrinoids until the chapter which deals with the relation of these older

forms to the Neocrinoids.

' Fra den iifirskc- Nordhavs-Expedition, Echinodermer, Nyt May. f. XaHirvid., Bd. xxiii. p. 9.

2 Crinoides vivants, p. 17, f gs. 40, 41, 85, 80, 89-91—n.
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B. The Perisomatic Skeleton.

This name was given by Sir Wyville Thomson^ to " the basal and oral plates, the

anal plate, the interradial plates, and any other plates or spicula which may be developed

ia the perisome of the cup or disk." He pointed out that the plates of this system are

" essentially variable in number and arrangement ; most of the minor structural modi-

fications throughout the group depend upon the multiplication or suppression of plates

of this series. Even in the same species they are by no means constant," e.g., Antedon

rosacea. The nature of the basals and orals has been already discussed ; and very little

need be said about the anal plate. For although this forms an essential part of the cup

of the Pentacrinoid larva of Comatula, and is of extreme importance in its palseontological

relations, yet it disappears soon after the termination of Pentacrinoid life, undergoing

exactly the same process of resorption as the orals have previously done. It is curious,

however, that there should be no special anal plate in Hijocrinus, which has such large

orals (PL VI. figs. 1-5), while it is also absent in the adult Rhizocrinus, and is perhaps

never developed at all ; for Sars figures a young individual only 25 mm. long in which

the first brachials are comparatively large and form a sort of pyi-amid, while the second

brachials are undeveloped, and he makes no mention whatever of an anal plate. ^ Whereas

in Antedon rosacea the anal plate appears soon after the second radials (which represent

the first brachials of Rhizocrinus) ; and it is relatively quite large by the time that the first

brachials are developed, forming a nearly complete circle together with the first radials,

between two of which it is intercalated.

The interradial plates are those minute disks or granules which occur in the substance

of the perisome uniting the rays and their subdivisions, and are sometimes difiicult to

distinguish from the lowest joints of the pinnules. They were first detected in Antedon

milleri by J. S. Miller,^ who figured them as forming one " intercostal " between every

two second radials. This was probably due, as remarked by Dr. Carpenter,* to his having

only employed a low magnifying power in his examination of them. Mliller ^ described

them as occurring in Pentacrinus asterla (PL XIII. fig. 1), and noticed their diff'erence from

the plates on the ventral surface of the disk which are pierced by the water-pores

(PL XVII. figs. 6, 10). They are very abundant in some species of the Comatulidse and

Pentacrinidse, uniting the rays and their lowest divisions very closely together ; while in

other types they may be wholly or entirely absent in some individuals, and more or less

well developed in others. In fact, the same individual may have them in one or two of

1 Phil Tram., 1865, pp. 540, 541.

" Crinoides vivants, p. 27. Tab. iv. fig. 95.

3 This is the Comatulaflmbriata of Miller, whioli occurs in Milford Haven. See his Natural History of the Crinoidea,

Bristol, 1821, Frontispiece, flg. 2, G.

« Phil. Trans., 1866, p. 716. 5 3jju des Pentacrinus, loc. ciL, p. 49.

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.) 11 10
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the interradial angles but not in the others. They are, however, very well developed in

many of the fossil Neocrinoids, e.g., Marsupites, Apiocrinus, and Extracrinus ; and

they often have a very solid and substantial appearance. Like the anal plate they are

most important in their palseontological relations ; as is also the single calyx-interradial of

27icmmatocrimis (P\. LVT. figs. 1-5), which has been already described {ante, pp. 39-41).

The margins of the ambulacra of the disk, arms, and pinnules, and the interpalmar

areas of the disk, are rarely, if ever, perfectly free from any traces of calcareous structures.

Those of the ambulacra may take the form of simple short spicules which are almost

entirely limited to the marginal leaflets ; or they may be forked and branching spicules,

or rounded cribriform plates of variable size, which are movable and can either be

erected or closed down over the grooves. They are well developed in Hi/ocrinvs,

Bathycrinus, and Rhizocrinus (PL Vc. figs. 8-10, cp; PI. VI. figs. 1, 6 ; PL YIL
fig. 7 ; PL VIII. figs. 3, 5 ; PL Villa, fig. 1 ; PL IX. fig. 4 ; PL X. fig. 20). In

the first named genus they are sometimes separated from the dorsal skeleton by other

plates which wiU be noticed later (PL Vc. figs. 9, 10, Sjj) ; and the same is often the case

in the Pentacrinidse and Comatulida3 (PL XXXIII. fig. 1; PL XLVII. figs. 11, 13;

PL XLIX. figs. 6, 7 ; PL LL figs. 11, 12 ; PL LIL figs. 5, 6 ; PL LIV. figs. 4, 6-9).

These covering plates of the ambulacra of Pentacrinus were termed " Saumpliittchen
"

by Miiller, to distinguish them from the uncalcified marginal leaflets of the ambulacra or

" Saumlappehen," which correspond to them in most Comatulae ;^ while Sars,^ doubting

the mobility of these parts in Pentacrinus and Comatula, gave the name " lamelles du

sillon " to the large, oval, and movable plates which border the ambulacra of Rhizocrinus.

AH three structures, however, are of essentially the same nature. The covering plates of

the stalked Crinoids are abundantly represented in many of the Comatulfe, always,

however, resting upon a more or less developed " side plate " as in the Pentacrinidaj

;

and the fact that they are merely an extensive development of the limestone rods and

networks in the perisome bordering the ambulacra is evident when all the intermediate

stages are examined. All the Pentacrinidse have plated ambulacra ; but this is by no

means the case in the Comatulse, especially in Actinometra ; though individual species of

Antedon have a relatively larger and more substantial ambulacral skeleton than any

Pentacrinus or Metacrinus (compare PL XXVII. figs. 4, 11, 12; PL XXXIII. fig. 1;

PL XLVII. figs. 11, 13 ; PL LL figs. 11, 12 ; PL LIL figs. 5, 6 ; PL LIV. figs. 4, 6-9).

The covering plates which border the ambulacra on tlie arms and pinnules of

Pentacrimis asteria were briefly mentioned by Miiller.'' But he described them as

resting upon the joints of the skeleton, which is not always the case ; and in fact, two

pages further on he spoke of the plates which are situated on the perisome at the sides

of the arms and pinnules, just as on that of the disk ; while he does not seem to have

' Ueber den Ban der Echinodermen, Ahhandl. d. Berlin AJiad., Jahig. 1S53, p. 57 (of separate copy).

- Crinoides vivants, p. 24. 3 g^y j^g Pentacrinus, p. 46.
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noticed tlie great differences of form, size, and regularity of arrangement between the

ambulacral plates of the arms and pinnules respectively. But he pointed out that the

covering plates of the disk-ambulacra rest upon other plates which he called " side plates,"

and that both are distinguished from the general anambulacral plating of the disk by the

absence of water-pores.^ It is difficult to individualise these plates when looking at the

disk from above, as they are so irregularly arranged (PL XVII. fig. 6 ; PI. XXXIX. fig. 2
;

PI. XLIII. fig. 3 ; PL L. fig. 2) ; but they are more easily distinguished in a cross section

of an ambulacrum (PL LIV. fig. 11; PL LVII. fig. 3, sjx).

Miiller further mentioned a series of median subambulacral plates as lying beneath

the food-groove and water-vessel, which he believed to rest in a furrow along their upper

surface ;
^ and he described a series of ambulacral pores between the median row and the

side plates, which might be related to the tentacles, and possibly served for the passage

of vessels connecting these organs with ampuUce. He had previously figured some plates

as underlying the sides of the food-groove, with pores in or between them, which he spoke

of as "Oeffuungen des Tentakelcanals in die Tentakeln der Tentakelriune." ^ But it is

difficult to make out whether they are identical with those w^hich he subsequently

described and figured as ambulacral pores.*

In reality, however, there are no pores of this kind beneath the ambulacra of the

disk ; and there are no large ampullae connected with the tentacles as there are with the

tube-feet of the Stellerids. But there is often a large amount of calcareous tissue beneath

the water-vessels of both disk and arms, which takes the form of more or less regular

plates (PI. LIV. fig. 11 ; PL LVII. fig. 4, suh ; PL LXIL). They have no definite arrange-

ment, however, and are practically only a portion of the general limestone plating beneath

the upper surface of the disk. Although therefore, owing to their subambulacral position,

they are generally equivalent to the rotulse of the Urchins, the lancet-plates of the Blastoids,

and the radial pieces in the oral ring of Holothurians, I do not think that they quite deserve

the morphological importance which was attributed to them by Miiller. It is possible

that the series of plates which were discovered by Prof. Huxley and described by

BUlings ^ as forming an elongated arch beneath the subtegminal ambulacra of Actino-

crinus rugosus may be true subambulacral plates. But from the descriptions of them

which are given by Meek and Worthen,* and also by Wachsmuth and Springer,^ I

am rather inclined to think that they may be the adambulacral or side plates (PL LVII.

fig. 3, sp.).

Besides going somewhat fully into the nature of the ambulacral skeleton in Penta-

crinus asteria, Miiller drew attention, as his predecessors had done, to the plates on the

1 Bau der EchinoJermen, p. 68. ^ Ihid., pp. 57, 58, Taf. vi. figs. 7, 9, d.

3 Bau des Pentacrinus, p. 70, Taf. ii. fig. 14. < Bau der Echinodermen, pp. 58, 63, Taf. vi. fig. 7, e.

^ On the Cystidea; of the Lower Silurian Eocks of Canada, Geol. Surv. of Canada, Decade iii. p. 27.

•* Notes on the Structure and Habits of the Palosozoio Crinoidea, Paheontology of Illinois, vol. v. p. 331.

' Revision, pt. ii. p. 28.
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interpalmar areas of the ventral perisome. They are continuous over the edge of the

disk with the perisomatic plates uniting the rays ; and he came to the conclusion that

while many of the ventral plates are perforated by water-pores which lead downwards

into the body-cavity, these openings are never found in the interradii at the sides of the

disk.^ He termed them " anambulacral " to distinguish them from the " ambulacralen

Kelchporcn ftir Fiisschen ;
" ^ and this name has been conveniently extended both to the

plates which they pierce, and also to the remaining imperforate plates of the interpalmar

areas. Owing to the large size of the oral plates in Hyocnnus, which are themselves

pierced by water-pores (PI. Vc. fig. 6, lop), the number of these anambulacral plates on

the disk is very small. But in a large Pentacrinus or Comatula they may be very

extensively developed, and the pores are occasionally to be found on the sides of the disk

between the rays (PI. XVIT. figs. 6, 10 ; PI. XXVI. figs. 1, 2; PI. XXXIII. fig. 7 ;

PI. XXXIV. fig.;2 ; PI. XXXIX. fig. 2. PI. LVII. figs. 1, 3, 4 ; PI. LIX. figs. 2, 4, G—wj) ;

PI. LXIL).

At the edge of the disk the anambulacral plates of its upper surface pass gradually

downwards into the interradials, which are developed in the perisome uniting the rays

;

so that in some species both of Comatula and Pentacrinus the visceral mass is every-

where protected by a continuous armour of plates. Many of the fossil Pentacrinidae and
also some species of Aiyiocrinus show signs of the same structure. It is especially well-

marked in the Liassic genus Extracrinus, which had a very large and thickly plated
" ventral sac." In fact the disk of these Crinoids seems to have borne stouter plates than

that of many of the Palaeozoic Ichthyocrinidse ; and I do not understand how the ventral

disk of this family, which is described by Wachsmuth '"as composed of a more or less

soft or scaly integument, yielding to motion in the body and arms," can be compared

to anything else than the oral surface of a recent Crinoid, with which, however,

Wachsmuth says that it " cannot in the remotest degree be homologised.*

"

I have not seen any good disk of Pentacrinus asteria; but, judging from the

condition of its peripheral part in the specimen figured by Miiller, I imagine it to have

been covered with a continuous pavement of tolerably large plates. This is also the

case in Pentacrinus wyville-thomsoni (PL XVII. fig. 6). The interpalmar areas are

covered with a very closely-fitting pavement of polygonal plates, the largest of which

may be pierced by four or five water-pores. The anal tube, which is plated almost up to

its summit, occupies the greater part of the corresponding iuterradius ; but the anambu-
lacral plates which are between it and the mouth (in the specimen figured) are smaller

than elsewhere, and less distinctly defined. In fact they look as if they had fused into

two irregularly-shaped plates which abut directly on the peristome. A similar fusion of

small plates appears to have taken place on the anal tube of the Metacrinus nodosus

' Bau des Pentacrinus, p. 49. 2 g^u der Echinodemien, p. 63.

^ Revision, pt.i. p. 31. « Amer. Journ. Sci, vol. xiv.p. 190.
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represented in PL L. fig. 2. It seems at first siglit to be perfectly bare, but careful

examination proves it to be covered by very closely set small plates with ill defined

boundaries.

The ambulacra of Pentacrinus wyville-thomsoni form rather prominent ridges, which

are composed of four irregular rows of plates. The plates of the two inner rows are

somewhat elongated transversely and generally closed down over the grooves, representing

the covering plates of the pinnule ambulacra.

A well plated disk also occurs in Pentacrinus alternicirrus (PL XXVL figs. 1, 2)

;

but the ambulacra are less heavily plated than in Pentacrinus wyville-thomsoni, and are

therefore not so readily distinguished from the anambulacral plates. These are

sometimes larger than in the Atlantic species, and are pierced by abundant water-pores

which are not shown in the figure ; but they do not always fit quite closely together, so

that gaps of bare perisome are visible here and there. As in Pentacrinus ivyville-

thomsoni, the plates are generally larger in the anal interradius than elsewhere.

A disk of Pentacrinus naresianus was drawn for Sir- Wyville Thomson by Mr. Black

(PL XXX. fig. 2) ; but it seems to have been mislaid or else cut into sections, for it has

not come into my hands. So far as can be judged from the figure, the anambulacral

plates were small ; while the ambulacra appear to be well-defined ridges and to come

into close union around a very small peristome, which is thus entirely concealed by the

apposition of their large covering plates.

I have not seen a disk either of Pentacrinus maclearanus or of Pentacrinus hlahei;

but in Pentacrinus miilleri and Pentacrinus decorus it is far from being as completely

plated as in the species already noticed (PL XVIL fig. 10 ; PL XXXIV. fig. 2). For the

anambulacral plates are generally isolated and not in contact with then- fellows. They

are small and numerous in Pentacrinus miilleri ; but in Pentacrinus decorus they are

fewer in number and comparatively large, some of them containing as many as twenty

water-pores.^

There are about four irregular rows of plates on the ambulacra, the inner ones

beino- elongated, and sometimes standing up rather prominently at the edges of the

grooves.

The relation of the food-groove to the arm-joints varies greatly in the different species

of Pentacrinus, so that mere fragments of the arms can be identified by the characters

of their ambulacra, quite apart from any peculiarities of their arm- and pinnule-

joints.

The middle line of the upper surface on each joint of the brachial skeleton is occupied

by a groove of variable depth and width, to which Muller gave the name " arm-groove
"

(PL XVIL figs. 1, 4, 7, 8, 9). It is bordered on each side by the more or less prominent

muscle plates of the successive joints; and the vascular structures which are partially

' These are omitted in the figure, and the plates are drawn too close together.
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contained in it are continued from one joint to another between the two large muscular

bundles that unite them. In Antedon eschrichti and in many other Comatulse, more

especially those belonging to the genus Aciinometra, this arm-groove merely lodges the

lowest part of the coeliac canal ; while the genital cord, with the water-vasculax and

blood -vascular trunks and the ambulacral epithelium, are all situated above the arm-

groove, and separated from it by a variable amount of intervening perisome, so that little

more than half the vertical height of the arm is due to its dorsal skeleton. The lower

parts of the arms in Metacriiius murrayi present a somewhat similar condition

(PL XLI. fig. 13).

In other Comatulse, however, and in Pentacrinus a great part, sometimes even the

whole, of the soft parts of the arm are lodged within the groove on the upper surface

of the skeleton (PI. XVII. figs. 1, 4 ; PL XXVII. fig. 6); and there is no substantial

ventral perisome in the ordinary sense of the word, or it is reduced to a mere film,

sometimes thinly plated, which covers up the muscular bundles. In many species, and

especially in the small deep-sea Comatulse, this layer of perisome is excessively thin and

transparent, so that the food-groove appears to rest upon and between the muscular

bundles. In some of the tropical Antedons, however, it bears a continuation of the

anambulacral plates of the disk, and this is also the case in Pentacrinus ivyville-thomsoni,

Pentacrinus alternicirrus, Pentacrinus naresianus, and Pentacrinus blaJcei (PL XVII.

fig. 4 ; PL XXVII. figs. 6, 13 ; PL XXXIII. fig. 3). The third of these, Pentacrinus

naresianus, has the greatest development of this plated perisome on the arms (PL XXVII.

fig. 13). It is continuous from one pinnule socket to the nest on the same side, so as

to cover in both the muscular bundles and also the upper surface of the intervening

arm-joint ; and the ambulacra are thus distinctly above and outside the arm-groove.

They are bordered by large oval covering plates which overlap alternately from ojjposite

sides, and are continued on to the pinnules (PL XXVII. figs. 11, 12). These plates do

not rest directly upon the pinnule-joints, but are separated from them by a thin

limestone band which is a continuation of the lateral plating of the arm. It does not,

however, exhibit any difi"erentiation into side plates, though its edges are cut out into

alternate teeth and notches (PL XXVII. fig. 11). The latter are occupied by the

tentacles, but can be closed, or nearly so, by the covering plates which rest on the

intervening teeth.

In the arms of Pentacrinus blakei (PL XXXIII. fig. 3) the sides of the joints bend

inwards towards the middle line more than they do in Pentacrinus naresianus, so that

the arm-groove is narrower, and the ambulacrum practically coincides with it instead

of lying above it. It is bordered by long plates which are really the covering plates

fused with the side plates. When they pass on to the pinnules the former become

more difierentiated, but the latter lose their individuality and become parts of a con-

tinuous denticulated band just as in Pentacrinus naresianus (PL XXXIII. fig. 1).
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A somewliat diflferent type of ambulacrum is presented by two other Caribbean

species, Pentacrinus asteria and Pentacrinus decorus. The arm-groove of the former

is relatively wide and the proximal parts of the ambulacra are distinctly above it,

though they gradually sink down into it as they get farther from the disk ; as long as

the rays continue to divide their ambulacra and those of their j)innules are covered

by an irregular double row of large plates (PI. XIII. fig. IG ; PI. XVII. fig. 7), After

the last bifurcation these plates become smaller and more regularly arranged, so that

they take the form of oblong covering plates with rounded ends which stand up at the

sides of the groove (PI. XVII. fig. 8). They do not, however, extend uninterruptedly

along each side of the groove, but are arranged in a series of linear groups between the

successive pinnules of either side, so that they alternate in position on the two sides

of the arms successively. They are largest and best developed at the base of a pinnule,

where its ambulacrum comes ofi" from that of the arm, and from this point they diminish

gradually in size towards the disk until the base of the next pinnule is reached, when

a fresh set appears upon the proximal edge of its ambulacrum.

Thus, then, the covering plates which pass on to the pinnule-ambulacrum from that

of the arm are at first limited to its proximal or outer side only. But a second

set soon appears on the inner side of the ambulacrum ^ [i.e., that next the arm), and their

outer ends gradually become more and more rounded until they present the appearance

shown in PI. XIII. fig. 15. Their bases are all fused into a narrow band of limestone

which rests on the pinnule-joint and represents the side plates that are better developed

in other species ; while the rounded outer portions represent the covering plates

proper, which alternate with one another from opposite sides, so as to leave a series of

openings through which the tentacles are extended.

The lower portions of the ambulacra of Pentacrinus decorus are essentially like those

of Pentacrinus asteria, except that they sink more deeply into the arm-groove, while the

plates covering them are smaller and far less regularly arranged (PI. XXXIII. fig. 6).

But the muscle plates of the successive arm-joints fit less closely together than in most

other species of Pentacrinus, so that the muscular bundles are long and also visible

externally ; for they are not covered in by plated perisome as in the allied Pentacrinus

hlakei (PI. XXXIII. fig. 3). In the middle and outer parts of the arms the ambulacra

are generally like those of Pentacrinus asteria, thbugh not so open (PI. XXXIII. fig. 4)

;

for the groups of plates which protect the bases of the pinnule-ambulacra overlap

somewhat closely from oj)posite sides, while their parts are more distinctly differentiated.

Farther out on the pinnules the segmentation of the lateral limestone band is sometimes

carried so far that the side plates can be distinctly individualised ; but there is a good

deal of variation in this respect (PI. XXXVII. figs. 23, 24).

A third type of arm, with a very narrow median groove to which the ambulacrum is

1 Compare PI. XVII. fig. 3 ; PI. XLVII. fig. U.
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almost entirely limited, is presented by the four species Pentacrinus miilleri, Pentctcrinus

maclearanus, Pentacrinus wyville-thomsoni, and Pentacrinus alternicirrus. The nearest

approach to Pentacrinus asteria is to be found in Pentacrinus miilleri (PI. XVII. fig. 9),

as might be expected for various reasons. The arm-groove is narrower, but the covering

plates which rest on its edges pass up on to the pinnules alternately from opposite sides

very much as in Pentacrinus asteria ; though the successive groups do not overlap one

another so much as in that type, and there is more differentiation of the side plates upon

the pinnules (PL XV. figs. 7, 8). In Pentacrinus wyville-thomsoni the arm-groove is still

narrower, and the ambulacrum almost entirely withdrawn into it (PI. XVII. fig. 4). The

plates bordering it are smaller and more irregular than in Pentacrinus miilleri, and more

distinctly limited to the pinnule-bearing side of the arm ; while the intervals between

the joints are larger and covered by small irregular plates as in Pentacrinus naresiamis

and Pentacrinus blakei. The plating of the pinnules is limited at first to their outer

sides (PI. XVII. fig. 3) ; but it eventually appears on the inner sides as well, and

becomes diff"erentiated into covering plates resting on a limestone band which is sometimes

imperfectly separable into side plates (PI. XVII. fig. 2).

A further reduction in the width of the arm-groove and in the size of the plates at its

edges appears in Pentacrinus alternicirrus (PI. XXVII. fig. 6). The intervals between

successive joints which are occupied by the muscular bundles are larger than in Penta-

crinus wyville-thomsoni, and are more distinctly plated. The rudimentary covering

plates are limited to the origins of the pinnule-ambulacra, and a short distance behind

them ; so that between every two pinnule-ambulacra of one side there is a short space of

unprotected arm-groove. As in Pentacrinus wyville-thomsoni, the bases of the pinnule-

ambulacra are plated on the outer side only, and in their distal portions the lateral band

on which the covering plates rest is not divided into side plates (PI. XXVII. fig. 5).

Lastly, in Pentacrinus maclearanus the arm-groove is extraordinarily narrow, and

bounded by little else than the broad plate-like upper surfaces of the component joints

(PI. XVII. fig. 1), while the covering plates are almost entirely limited to the pinnules

(PI. XVI. figs. 2, 3). They are relatively small, and the lateral band supporting them,

though broad at first, soon narrows away considerably.

The disk of Metacrinus presents much the same variations in the extent to which it

is plated as that of Pentacrinus does. In Metacrinus nohilis (PI. XLIII. fig. 3) there is

a tolerably continuous pavement with well defined ambulacral ridges. These are bounded

by about four rows of plates, those of the two inner rows being transversely elongated,

and alternating with one another. In other types the anambulacral plates are more

isolated as in Pentacrinus decorus, being more closely set, however, along the sides of the

ambulacra, which are covered by longish plates. This is the case in Metacrinus angulatus

(PI. XXXIX. fig. 2), Metacrinus cingulatus, and Metacrinus nodosus (PI. L. fig. 2).

The scattered arrangement of the anambulacral plates is not well represented in the last
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mentioned figure ; and it is too small to show the very numerous water-pores piercing

the 'plates, some of which have as many as twelve or fifteen openings. They are much

less abundant in Metacrinus cingulatus and Metacrinus angulatus (PI. XXXIX. fig. 2),

while the plates are also smaller.

The disk of Metacrinus differs from that of Pentacrinus in the greater irregularity of

itS' ambulacra, the branches of which proceeding to the large lower pinnules often come

off directly from the primary groove-trunks, or even from the peristome itself This is

especially well shown in Metacrinus angulatus and Metacnnus nobilis (PL XXXIX.

fig. 2 ; PL XLIII. fig. 3).

Another point of difierence is the relatively larger size of the anal tube in Metacrinus,

which is well shown in Metacrinus nodosus (PL L. fig. 2). It may occupy the whole of

the interpalmar area in which it lies, and is often considerably inflated, so as to be a

somewhat prominent obj«ct on the surface of the disk. It is erroneously represented as

perfectly bare in the figure of Metacrinus nodosus, and this actually seems to be the case at

first sight. Closer examination shows, however, that its apparent bareness is really due

to the smoothness and very close approximation of the plates which cover it.^ They are

thinner than the corresponding plates in the other interpalmar areas, and form a smooth

continuous pavement over the whole of the lower part of the tube, becoming more

nodular and irregular towards the top. The whole appearance of the anal tube in this

species forcibly recalls Buckland's well known figure of the " abdominal integument " of

Extracriims hriareus.^ There are indications of this close pavement on the anal tube of

Metacrinus nobilis (PL XLIII. fig. 3) ; and it is better shown in a curious specimen of

Metacrinus angulatus (PL XXXIX. fig. 2), which has a smaller supplementary anal tube

by the side of the larger one.

The plates of the pinnule-ambulacra in Metacrinus are better differentiated on the

whole than those of Pentacrinus. For in the outer parts of the pinnules, at any rate, the

covering plates rest upon a row of distinct side plates (PL XLVII. fig. 11; PL LI.

fio-s. 11, 12 ; PL LII. figs. 5, 6), and not upon an almost undivided band of limestone as

in most species oi Pentacrinus (PL XIIL fig. 15 ; PL XXXVII. fig. 23).

In the lower parts of the rays and arms the anambulacral plating of the disk extends

outwards at the sides of the ambulacra, in which the arrangement of plates is confused and

indefinite (PL XLI. fig. 13). Farther out, however, where the zig-zag course of the

ambulacrum (still distinctly above the arm-groove) is more marked, and the ambulacral

plates less abundant, the elongated shape of the plates immediately bordering the groove

is more distinctly visible (PL XLI. fig. 4). In most species their extremities gradually

Ijecome bifid, as is well shown in Metacrinus angulatus and Metacrinus murrayi

(PL XXXIX. fig. 13 ; PL XLI. fig. 14). Both of these, especially the former, have the

1 See the remarks on the disk of Pentacrinus wyville-thomsoni, ante, p. 7C.

2 Geology and Mmeralogy, vol. i. p. 439 ; vol. ii. pi. 51. fig. 2.

(ZOOL. CHALL. EXP.—PART XXXII.—1884.) Ii 11
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ambulacra well above tbe level of the arm-grooves; and there are no other plates

on the arm than the covering plates which really belong to the pinnule-bases, while

the muscular bundles are freely visible at the sides of the ambulacra. But in other species,

such as Metacrimis nobilis (PI. XLI. fig. 11), the food-groove is more concealed mthin

the arm-groove, and the forked covering plates are less abundant at the pinnule-bases.

Farther out on the pinnule, the proximal half of the fork becomes gradually less and

less prominent ; and it is eventually absorbed into the basal part of the plate, which thus

represents a side plate ; while the distal half of the fork, becoming larger and better

defined, separates itself off as a rounded covering plate (PI. XLI. fig. 12; PL XLVII. fig. 11).

The branches of the ambulacra which pass on to the massive basal joints of the

prismatic lower pinnules are usually but little plated, as is the case in Pentacrimis asteria

(PL XIII. fig. 16 ; PL XLI. figs. 4, 12, 13 ; PL XLVII. fig. 13 ; PL LI. fig. 12). But

beyond the first two joints the plating reappears ; and the four rows of plates become

gradually developed from the irregular plates at the sides of the groove, which come to

assume a definite form and break up into covering plates and ill defined side plates.

The gradual differentiation of side and covering plates upon the pinnules from the

single forked plates at the sides of the brachial ambulacra takes place in this way in most

species of Metacrimis ; but the four rows are never so distinctly separable as in the

Comatulaj (PL LIV. figs. 4, 6-9).

A slight variation of this process occurs in Metacrimis costatiis (PL XLVII. fig. 13 ;

PL XLIX. figs. 6, 7) ; while Metacrimis murrayi and Metacrimis nodosus (PL XLI.

fig. 12 ; PL LI. fig. 12) are the intermediate links betw^een this species and the other types of

Metacrimis. The bases of the pinnule-ambulacra just beyond the wide lower joints are

bordered by a series of rounded plates, which are deeply hoUowed in the centre so that

their edges stand up rather prominently. The first eight or ten of these are attached to

the pinnule-joints on each side by a continuous band of limestone. This gradually becomes

absorbed into the raised proximal edges of the rounded plates so as to form the side plates;

while the distal halves eventually separate themselves off as the covering plates (PL XLVII.

fig. 13). The side plates only become properly differentiated in the outer parts of the

lower pinnules, and in the later pinnules on the arms (PL XLIX. figs. 6, 7) ; but they

retain a more or less prominent backward process, which is the remains of the raised

hinder edge of the rounded plates on the proximal parts of the ambulacra.

Although there are no side plates on the arms and pinnule-bases of Hyocrinus, yet

they are large and well developed on the enlarged portions of the pinnules which contain

the genital glands (PL Vc. fig. 10, s/?). The proximal ones, taking the place of

numerous small anambulacral plates, are smaller than their successors, which considerably

increase the depth of the body-cavity within the pinnule. Distally, the side plates

gradually diminish in size and finally disappear altogether, so that the covering plates

come to rest directly on the edges of the pinnule-joints (PL Vc. figs. 8,9).
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In many of the tropical Comatulse the pinnulc-ambuhxcra are fully as well or even

better plated than those of the Pentacrinidie. Antedon acoela and Antedon inc^qiicdis,^

both from Stations where Pentacrinidse are abundant, are good instances of this (PL LIY.

fio-s. 4, 6-9). The differentiation of side plates and covering plates is more complete
;
and

the plates themselves are not only larger relatively to the pinnule-joints, but also absolutely

so. When the covering plates are erected and the groove opened, as sho^Ti m Antedon

inceaxicdis (PI. LIV. fig. 8), the tentacles are extended between them. But the tentacles

can be completely retracted and the plates closed down so as to convert the grooves into

tunnels, as shown in Antedon acoela (PI. LIV. fig. 4).

In the distal edge of each of the side plates is a small rounded notch, so that there

is a series of gaps along each side of the ambulacrum, one between every two plates.

These lodge the problematical "sacculi" which are so characteristic of the gQn^x^ Antedon.

In those Comatula3 wdth plated pinnules which have short and rounded genital

glands, instead of the long fusiform structures characteristic of Antedon eschrichti, Hyo-

crinus, and the Bourgueticrinidse, there is sometimes a curious modification of the

perisomatic skeleton on the genital pinnules. The enlarged part of the pinnule is

protected by a very strongly developed anambulacral plating, which is much more

reo-ular and closely set than that of the disk and arm-bases, especially in the case of

Antedon acoela (PL LIV. figs. 1-3). Resting upon the four or five middle joints of the

short pinnules there is a double row of large plates, which are rectangular at the base

but somewhat more ii-regular in shape at their upper ends. There are generally five or

six plates in each row ; but those of the two sides have no fixed relative positions,

sometimes corresponding exactly, and sometimes alternating as exactly. They have

the same protective function and very much the same appearance as the large side plates

of HyocHnus (PL Vc. figs. 9, 10, sp), but differ from them in two ways. In other

species of Antedon, such as Antedon angusticalyx and Antedon mcerta (PL LIV.

figs. 5, 6), these protecting plates are smaUer and more irregular than in Antedon acoela;

while in Antedon incerta the two rows are separated by the ambulacrum with its well

developed side and covering plates. But in Antedon angusticalyx and in Antedon acoela

these swollen lower pinnules receive no branches from the brachial food-groove, just as m

many species of Actinometra ; and the anambulacral plates covering the genital glands

consequently meet one another in the medio-ventral line of the pinnule above the gland

within. The sacculi, however, which lie at the sides of the ambulacra may extend on

to these grooveless pinnules, and occupy small holes between the large protecting plates;

while in the outer joints of the pinnules, beyond the glands, the sacculi occupy the

median groove on the upper surface of the skeleton, as is well shown in Antedon angusti-

calyx (PL LIV. fig. 5).

1 The specific formula of this type is-A . 3(1 .
or 2p

. ) ;^
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It is curious that these protecting anamljulacral plates on the genital pinnules of

Antedon acoela should be so largely developed/ while those which cover the inter-

palmar areas of the disk are comparatively small and irregular in character (PI. LV.

fig. 5).

In many Comatul^, how^ever, the disk is very closely plated, both in the ambulacral

and in the interambulacral areas. The plates of the latter are mostly small, and rarely

pierced by more than one water-pore ; while the ambulacra are generally marked by an

irregular double row of transversely oblong plates, as in Antedon angustimhjx (PI. LA\

fig. 6). But these are sometimes barely distinguishable from the anambulacral plates,

and the whole set encroach very much upon the peristome, so that it is scarcely "visible in

the dry state, as shown in Antedon hasicurva'^ (PL LV. fig. 7). This is still more

marked in Antedon acoela (PI. LV. fig. 5). Both the ambulacral and the anambulacral

plates are palisade-like in form, as the former are in Pentacrinns decorns (PI. XXXIV.
fig. 2) ; and they are very much crowded, so that the course of the food-grooves can only

be made out with difficulty even in spirit specimens, while the peristome is frequently

entirely invisible.

The disks of the three Antedon species just mentioned are very much incised between

the ambulacra, so that they are markedly stellate in form. The arrangement of the

coiled digestive tube is consequently much less complex than in large disks like those of

Antedon eschrichti or of Pentacrinus, which have the rays united by perisome so as to

increase the capacity of the cup ; while the interradial spaces are filled up with connec-

tive tissue which supports extensions of the digestive tube.

In some species of Antedon with an incised disk the anambulacral plates are somewhat

squamous, with a tendency to overlap one another. This is the case, for example, on the

disks represented on PL LV. figs. 3, 4. They probably belong to Antedon nmltimdiata,'^

having been di'edged at Cape York in an isolated condition, together with entire indivi-

duals of this species. The edges of the interpalmar areas rise rather sharply towards the

ambulacra, which are marked by strong ridges with indications of a median groove visible

upon their upper surface. The food-groove beneath is really comparatively deep, with its

edges plated somewhat regularly and turned in towards one another. This is very

marked in the immediate neighbourhood of the peristome, which is thus completely closed.

' The position of the plates which protect the genital glands as regards the pinnule-joints, and the very regular

appearance which they frequently present, have led me to think that the so-called " rudimentary irinnules " of

Cyathocrinus longvmamis, Angelin, may possibly he of the same character, and not amhulacral side plates more largely

developed than usual (see chap. iv. pp. 62-66). A comparison of Angeliu's figures of these structures as seen from the

side and from above (Tab. xxvi. figs. 46, 4c), with the corresponding \'iews of the protecting plates in Antedon acoela

(PI. LIV. figs. 2, .3), shows a remarkable similarity in their number and general arrangement. In the recent form,

however, these plates are on the pinnules, while those which they appear to resemble in the Paleozoic Cyathocrinus

are on the arms. But as these bear no pinnules, and must therefore have themselves contained the genital glands, the

difference between the two structures is not so great as it would seem to be at first sight.

- The specific formula of this ty^je is—A. 10. —

.

s Thespecificformulaof this typeis—A. R.3. 3. —

.
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It is concealed in the smaller specimen by the large and prominent anal tube which pro-

jects forwards over it. The original of Hyponome sarsii, the "recent Cystidean," was

the disk of a plated Antedon, very probably of this species, Antedon midtiradiata.

Allusion has already been made to the frequency with which these disks are met with

in an isolated condition ; and their resemblance to the curious Palaeozoic forms Agela-

crinus, Lepidodiscus, &c., is very striking. I know that Sir Wyville Thomson had a

suspicion whether these problematical organisms may not have been the separated

disks of some one or other of the numerous Palseocrinoids, as suggested by Loven and

Liitken.^

Deep ambulacral grooves with strongly plated sides are also met with on the disk of

Actinometra strota. This species is very common at Cape York, and its disk, which was

also obtained in an isolated condition, may be nearly bare, or plated very completely, as

is shown in PL LIV. fig. 10, and PI. LV. fig. 2. The whole of the large interpalmar area

in which the anal tube is situated is covered with more or less scaly plates, which become

stouter and more granular in the neighbourhood of the subcentral anal tube. The sides

of the deep ambulacra are bounded by numerous smaller plates without any definite

arrangement. But they are strictly limited to the disk, not extending on to the arms.

The large size of this armature, relatively to the tentacles and the amljulacral groove proper,

is well shown in the cross-section represented in PI. LIV. fig. 11. Much of it extends

beneath the water-vessels, and corresponds to what Miiller called the subambulacral

plates oi Pentacrinus^ (PL LXIL).

Actinometra jidcesi is another species which is common at Cape York. The large anal

area is often beset with numerous irregular plates, many of which bear nodules of variable

size (PL LV. fig. 1). They are smaller on the base and sides of the anal tube; and

there are few or none in the small interpalmar spaces between the edge of the disk and

the circumferential ambulacra, which are themselves devoid of supporting plates,

though deep like those of Actinometra strota.

Some species, both of Antedon and Actinometra, have the ventral perisome of

disk and arms entirely devoid of any continuous plating ; though this may be strongly

developed between the lower divisons of the rays, sometimes extending up to the level of

the third axillary.

O. The Visceral Skeleton.

I use the term " visceral skeleton " to denote the numerous spicules and networks of

limestone which occur more or less plentifully in the bands of connective tissue that

traverse the visceral mass of the Comatulae. It also includes the more or less regular

plates, often quite weU defined, which occur icithin the disk of Pentacrinus. They are

1 Cam,d. Nat, 18G9, p. 268. - Bau der Echinodermen, pp. 57, 58, Taf. vi. figs. 7, 9, d.



86 THE VOYAGE OF H.M.S. CHALLENGER.

formed, like tlie anambulacral plates, of a calcareous network interpenetrated Ijy an

organic basis, which is of the same nature as in the joints of the rays and arms (Pis.

LVIL, LXIL).

The simple spicules and thin networks of limestone which occur in the less heavily

plated disks are especially abundant in the visceral layer of the peritoneum. This is well

seen in those Crinoids, such as Antedon rosacea^ and Actinometra strata, in which there is

but little connection between this \dsceral layer and the parietal one Kning the interior of

the cup, so that the entire visceral mass is readily detached from the calyx.

Unlike that which lines the cup, the oral perisome is usually very closely adherent

to the visceral mass, and cannot be separated from it without some trouble. The

peritoneal covering of the latter also contains limestone deposits, so that sections

through the upper part of the disk show two layers of plates and spicules. The

upper one is in the perisome itself, and belongs to the anambulacral system ; while

the lower belongs to the upper surface of the visceral mass. These lower plates were

described and figured by Miiller.^ Together with those of the sides and lower

parts of the visceral mass they seem to be the modern representatives of the

so-called " intervisceral plexus" which lined the cup of the Actinocrinidse. Wachsmuth ^

has pointed out that in some members of this family " almost the entire test is lined

with a delicate calcareous plexus or network. This lining is not in contact with the test

directly, but connected with it by small partitions, producing innumerable little chambers,

which communicate with each other and with the visceral cavity." It rarely extends

below the level of the second radials, and passes gradually upwards into the plates,

coating the interpalmar areas on the upper surface of the disk below the vault. These,

which extend right up to the edge of the peristome, are of course anambulacral in

character, and it is not easy, any more than it is in Pentacrinus, to say where the one

set begins and the other ends. But so far as the lower part of the cup is concerned,

the intervisceral plexus of the Actinocrinidse is merely a greater development of the

limestone deposits in the visceral layer of the peritoneum of recent Crinoids.

All of these have more or less abundant plates and spicules in the connective tissue

which lies beneath the peristome and supports the lip, and also in that which unites

the coils of the digestive tube (PI. LXIL). In the regular endocyclic Crinoids this

organ makes rather more than a single round turn upon itself (fig. 2 on p. 89) ; and it

is the aggregation of limestone deposits upon its central side which forms the so-called

" columella," once regarded as a sand canal.

This supporting skeleton of the digestive tube, like that enclosing the visceral mass,

was much better developed in the Actinocrinidse than in recent forms. Occupying

1 Ludwig {op. cit., p. 330, Taf. xix.) h;is f;iven an excellent diagrammatic section of this type, in which this

point is well illustrated.

^ Bau der Echinodermen, p. 58, Taf. vi. fiR. 9,/. = Revision, part ii. p. 26.
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the greater part of the interior of the cup, but not reaching down to the basals, is a

large convoluted organ, which has a general resemblance to the shell of a Bulla. It is

open at both ends, and its longer axis nearly coincides with that of the body of the

Crinoid. Wachsmuth and Springer^ describe its wall as being " simple in all cases, very

delicate, and constructed of an extremely fine filigree work, which generally in the fossil

became thickly incrusted with siliceous matter on both sides." Hall, who was the first to

notice this organ, made no suggestions respecting its nature. Meek and Worthen sujaposed

it to be a kind of framework suj^porting the coiled digestive tube ;^ while Wachsmuth and

Sjiringer suggest that it might be " an extensive plexus of blood-vessels surrounding the

ambulacral (!) canal;" and desiring that it "should receive a more appropriate name
than any j^et given," they propose to call it the " oesophageal network."^

That it supported some of the intervisceral blood-vessels I have very little doubt

;

but there is no reason to suppose that it actually represents the vessels themselves, which

would have passed through the meshes of its network (compare PL LVIL fig. 5). As

a similar though less developed structure occurs in recent Crinoids, I see no reason to

doubt the correctness of Meek and Worthen's determination.

Neither do I think Wachsmuth and Springer's name a good one, for it implies that

the structure in question was connected with the oesophagus, and not with the rest of the

digestive tube. But as it is so large, relatively to the interior of the calyx, the remainder

of the digestive apparatus must in that case have been quite small, which is improbable

for many reasons.

According to Meek and Worthen,* " its slightly dilated upper end seems to stand

with its middle almost, but apparently not exactly, under the middle of the nearly

central proboscis of the vault ; while at the anterior side of its upper margin, and a little

out from under the proboscis, it shows remains of a kind of thickened collar, which we

found to be composed of minute calcareous pieces. From this there radiate five

ambulacra, composed of the same kind of minute pieces as the collar itself."

The thick collar was the edge of the peristome with its more or less regular supporting

plates as in any recent Crinoid. The mouth was placed within this peristomial space, and

the greater part of the convoluted organ would thus have lain altogether behind it. The

direction of its spiral is exactly the same as that of the digestive tube in Antedon or

Pentacrinus, as may be seen by comparing Dr. Carpenter's figure of the latter ^ (viewed

from above) and the " inferior end \dew " of the convoluted organ given by Meek and

Worthen. ° I believe that the gullet ran downwards and backwards as it does in

Pentacnnus ; and that the intestine, after following the convolutions of its support,

turned upwards again to end in the long anal tube, the so-called "proboscis."

' Revision, part ii. p. 35. ^ Palaeontology of Illinois, vol. v. p. 329.

' Revision, part ii. p. 35. ^ Palfeontology of Illinois, vol. v. p. 331.

'" Proc. Boy. Soc. Lond., vol. xxiv. pi. viii. fig. 1. " Palaeontology of Illinois, vol. v. pi. ix. fig. 126.
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VI.—THE MINUTE ANATOMY OF THE DISK AND ARMS.

I do not propose to treat the subject of this chapter as fully as I have done the

comj^arative morphology of the Crinoid skeleton. Much has been written about it lately,

and a general resume of this recent work, together with some independent observations

of my own, was published in the Quart. Journ. Micr. Sci. for April 1881.

Since that time I have been able largely to increase the range of my observations on

the anatomy of the Comatulge, and have also extended them to Pentacrinus, Bathycrinus,

and Rhizocrinus. The result has been that I am able to confirm in almost every respect

the admirable investigations of Ludwig on the minute anatomy of Antedon rosacea}

On the other hand, there are some points, notably in the relations of the axial cords

of the skeleton, which were entirely overlooked by him ; while he also omitted to descrilje

some remarkable peculiarities in the structure of the plexus of blood-vessels which is

situated in the lip, and is connected with the oral blood-vascular ring.

It is only fair to state, however, that my new observations upon the nervous and

vascular systems of this type owe their origin, in great measure, to my having been able

to examine other species in which the peculiarities in question are much more developed

than they are in Antedon rosacea.

A. The Geography of the Disk.

I find that it is most convenient, on the whole, to use the terms riglit and kft

precisely as in human anatomy. When the ventral surface is upwards, with the mouth

north, or pointing away from the observer, and the anus posterior, the right side of the

disk would be west in a map, and the left side east (fig.s. 2, 3). On the other hand,

when the dorsal surface of the skeleton is upwards, the anal area being, of course,

posterior, the eastern rays are those of the right side, and the left rays are in the west.

The same method applies to the arms, a pinnule on the right side being east in a dorsal

view, and west in a ventral one.

B. The Digestive Tube.

Little need be said about the alimentary canal, the general course of which alters

])ut slightly in the endocyclic Crinoids {Antedon, Pentacrinus, Rhizocrimts, &c.), though

it varies a good deal in the complexity of its cavity. Both in Antedon rosacea and in

Antedon eschrichti the gullet runs downwards and backwards, trending slightly to the

• Oj). cit., Zcitschr.f. vdss. Zool. 1877, Bil. xxviii. pp. 255-353, Taf. xii.-xix.
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left. Wheu it has reached the bottom of the visceral mass the intestine turns off to

the right, and coils round its anterior side. It follows the watch-hand, until it has

reached the hinder part of the disk, behind the commencement of the first coil (fio-. 2).

Here it turns upwards and slightly forwards, to end in the anal tube. The spiral form of

the whole organ is thus almost identical with that of the so-called digestive oroau in

the Palajocrinoids, which I believe to be nothing but the more or less calcified connective

tissue that supported the intestinal wall, as explained in the previous chapter.

In simple forms, like Rhizocrinus and Bathycrinus, more especially the former, the

development of the gut is but slightly more advanced than it is in the Pentacrinoid.

Horizontal sections through the lowest part of the cup of the larva are remarkably

similar to corresponding sections of Rhizocrinus and Bathycrinus, such as are represented

in PI. Vllb. figs. 6, 7, and PL Villa, fig. 8.

W E

Fig. '1.—Diagr.iiii showing the cour.se of the Digestive Tube ill an endocyclic Crinoiil (Ankdon, Pentacrinus, &c.),

as seen from the ventral side.

A, B, C', D, E, the five ambulacra of the disk ; m, mouth ; «, anns.

The lower part of the cup between the second radials is occupied in Bathycrinus

and in the Pentacrinoid larva by a large expansion of the lowest portion of the coiled

gut, just as described in Rhizocrinus by Ludwig.^ It is somewhat kidney-shaped in

section, and the concavity is occupied by the plexiform gland, which is always inter-

radial in position where it comes out of the calyx (PI. Vllb. fig. 6, x).

At the level of the third radials of Bathycrinus, or the second brachials of Rhizocrinus,

the circular course of the intestine is more apparent, and the plexiform gland is separated

from the body-wall by the rectum, as shown in PI. Vllb. fig. 7, and PI. Villa, fig. 8.

In both of these figures the x indicates the plexiform gland, wliich is here situated just

below (i.e., south of) the lower end of the fore-gut, where it passes into the mid-gut or

intestiiie generally.

' Zur Aiiatomie des Rhizocrinus lofotensis, M. Sar.», Zeifschr. f. wiss. Zool, 1877, Bd. xxix. p. 64.

(ZOOL. CHALL. EXP.—PART XXXH. 1884.) li 12
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The furtlier course of the rectum is shown in PL Vllb. fig. 8, which represents a

section through the upjjer part of the disk at the level of the articulation between the

first and second brachials ; and the last trace of the plexiform gland (x) is seen between

the fore-gut and the final coil of the intestine.

Both Rhizocrinus and Bathycriims exhibit a peculiarity in the relations of the

digestive tube and visceral mass which does not appear in the Pentacrinoid. The large

crests at the sides of the arm-groove in the second brachials of Rhizocrinus, which were

well figured by Sars/ have always been a puzzle to me, for they are something more

than unusual developments of the muscle-plates at the distal end of the joint. Horizontal

sections of the cup show, however, that they support the sides of comparatively large

interradial diverticula from the intestinal coil, the outer ends of w'hich are overlapped to

some extent by the broad dorsal surfaces of the brachials {PI. Villa, fig. 8).

The first traces of these extensions of the digestive cavity appear in Rhizocrinus lofo-

tensis at the level of the muscle-plates of the first brachials, by which they are in a great

measure supported. The)^ become more independent of the skeleton at the syzygy with

the second brachials; but enter into close relations with these joints at their distal ends,

where the crests on the ventral surface become more prominent. They are much more

marked in some individuals than in others, but the outline of the visceral mass is

always distinctly pentagonal, even if its angles be not produced outwards, so as to give

it a stellate appearance. The same peculiarity appears in Bathycrinus. The crests on

the radial axillaries are large, wing-like processes, altogether distinct from the muscle-

plates to which the first brachials are attached, as is shown in PI. VII. fig. 4o, and PI. Vila,

fig. 1 7 ; and they afibrd a large amount of support to the interradial diverticula of the gut

(PL Vllb. fig. 7). These develop themselves gradually from below upwards, no trace

of them appearing below the articulation of the second and the axOlaiy radials ; but

indications of them are still visible at the upper part of the first brachials, as shown in

PL VIII). fig. 8.

In this figure, too, may be seen the earlier and simpler stages of that plication of the

inner or adcentral wall of the gut which is so much more marked in Pentacriniis, and

still more so in the Comatulse, especiall)' in Antedon eschrichti, Promachocrinus, and

allied forms (PL LVIII. figs. 4-6).

The disk of the Comatulse is generally flatter than that of the stalked Crinoids, and is

almost entirely independent of any lateral support from the second radials. These lie

beneath more or less of its dorsal surface, but do not protect its sides.

The descending portion of the fore-gut is therefore comjiaratively short, and the

coiled intestine into which it passes lies spread out on the upper surface of the radials ; so

that there is no general dilatation of the gut at the bottom of the cup as in Rhizocrinus,

Bathycrinus, and the Pentacrinoid. Some of the Pentacrinid^ approach Antedon, while

' Op. cit, figs. 55-57.
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others rather resemble Rhizocrinus and Bathycrinus in the arrangement of the digesti^-e

tul)o. Pentacrinus deconis is one of the ktter. Even at the level of the radial axillarics

the gut appears in section as a simple, but spacious cavity, with slight extensions at two

points round the connective, or rather calcareous, tissue in which the plexiform gland is

emlieddod. But it could hardly lie called kidney-shaped, as it is in RMzocrinuis and

Bathycrinus.

Some sections of a Pentacrinus disk, that were made for Sir Wyville Thomson by

Dr. Stirling, show the indentation of one wall of the gut at the level of the radial

axillaries by the plexiform gland and its surroundings to be considerably more marked

than in Pentacrinus decorus (PL LVIII. fig. 4).^ I am unfortunately unable to determine

the species, as the sections were not j)roperly labelled, and the series is not sufficiently

complete for the purpose.

In Pentacrinus ivyviUe-thomsoni, however, the condition of the gut is much more like

that found in Antedon, which it further resembles in its disk l^eing somewhat more inde-

pendent of the skeleton than in other Pentacrinidae. Even at the level of the second

radials, a horizontal section of the disk shows a strong concavity at one side of the gut,

which is thus almost crescentic in outline. The plications of the inner wall, however,

are by no means so well developed as they are in many Comatulse.

In the remarkable genus Actinometra, the radial centre of the water-vascular system

does not correspond with that of the dorsal skeleton ; and the curious duality of the

Crinoid organisation is thus seen more distinctly in this type than in any other. The

mouth is not sub-central but excentric, or even marginal (PI. LXI. fig. 2), and there is

no regular symmetry in the distribution of the ambulacra (PL LV. figs. 1,2; PL LVI.

fig. 7). The mouth may be radial, as in all endocyclic Crinoids, and such species of

Actinometra as Actinometra Solaris, Actinometra pidchella, and Actinometra juhesi

(PL LY- figs. 1, 2); or it may be interradial, as in Actinometra' magnifica. (PL LVI.

fig. 7) ; while in some types its exact position is difiicult to determine. This is,

however, immaterial as regards the course of the digestive tube, which proceeds directly

downwards to a point somewhat behind and on the left {cast) of the centre of the disk,

and then commences to wind.

Its direction, just as in the endocyclic Crinoids, follows the watch-hand when seen

from the ventral side ; but there are four coils instead of one. This is shown in fig. 3,

where the + at the end of the first coil marks the termination of that part of the gut

which represents the whole digestive tube in the endocyclic forms.

This first coil occupies the extreme edge of the lowest part of the disk, and consequently

passes in front of the inouth, so as to appear beneath it in longitudinal section (PL LXI.

fig. 2). The second coil passes immediately behind it, and is followed by two more in an

ever narrowing but ascending spiral, which terminates in the more or less central anal

' This fit;ure nearly corresponds to the southeast corner of PI. Villi. Ht;. 7.
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tube (PL LXI. fig. 1). This is often some little distance in front of the point where the
lowest part of the long gullet turns off w^estwards to enter the great outside coil. The
walls of this long digestive tube are tolerably simple and but slightly plicated. For an

E

D
Fig. 3.—Diagram showing the course of tlie Digestive Tulie in an Actinometm with Interrailial

Mojith, as seen from the ventral side.

Letters as m fig. 2. The + on the hinder portion of the outer coil indicates the limit of that part of the gut which
corresponds to the entire digestive tube (excepting the rectum) of an endocyclic Crinoid.

extensive secreting surface is amply provided, without the necessity of this further

complication,*'which is so largely developed in the simple spire of the gut in Proonacho-

crinus, Antedon eschrichti, and Antedon antarctica.

C. The Water-Vascular System.

The water-vascular system of a Crinoid consists, like that of the Stellerids, of an oral

ring and radial vessels, the former being connected indirectly with the exterior through
the intervention of the water-tubes, water-pores, and the body-cavity. Neither the oral

ring nor the radial vessels have any ampullar connected with them ; though, as suggested

by Ludwig,^ these are perhaps represented by the small lateral pouches of the radial vessels

which are opposite to the tentacular branches, and are crossed by muscle-threads "

(PL LX. fig. 6).

The presence of these tentacular branches is invariably correlated with that of the

food-groove. Where this is well marked, and lined by ciliated epithelium with the

subjacent ambulacral nerve and blood-vessel, the water-vessels beneath the latter give ofi"

their branches to the tentacular groups in the usual regular way (PL Vc. fig. 7.

PL LYII. figs. 1, 3, 4 ; PL LIX. figs. 1, 5 ; PL LX. figs. 1, 2, 6—tb ; PL LXI. figs. 4, G).

1 Crinoideen, Igc. cit, p. 337. 2 ggg also fig. 5 on p. 121, m'.
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But if the food-groove on the ventral surface of the arm or pinnule remains undeveloped

(PI. LXI. fig. 3), not only are the ambulacral epithelium, nerve, and blood-vessel absent

altogether, but the water-vessels are simple tubes like the integumentary water-vessels of

the Molpadidse, and have no lateral extensions, as tentacles are absent (fig. 4 on p.

113, «•).

This condition may occur in a majority of the arms and even on the disk of

Actinometra (PI. LVI. fig. 7) ; on more or fewer of the lower pinnules of Antedon ctcoela

and Antedon angiisticcdijx (PI. LIV. figs. 1-3, 5) ; and on the proximal pinnules of

Antedon eschrichti and Antedon rosacea, which receive no branches from the l^rachial

ambulacra.

In Metacrhms, on the other hand, the ambulacra, and -^vith them the water-vessels,

of the large basal pinnules may start directly from the primary ambulacra of the

disk, or even from the peristome itself (PL XXXIX. fig. 2 ; PI. XLIII. fig. 3 ; PI. L.

fig. 2).

The radial water-vessels which underlie the disk-ambulacra of the Comatulas pass off

from the angles of the somewhat pentagonal water-vascular ring as single trunks, situated

beneath the median lines of the ambulacra. But in Pentacrimis, at any rate in Pentacrinus

decorus and Pentacrinus wyville-thomsoni, there is a radial extension of the labial blood-

vascular plexus in this position (PI. LVII. figs. 1, 3, 4, Ir) ; and the two trunks which

ultimately unite into the single water-vessel of the ambulacrum are thus kept separate

from one another to a considerable distance, 1'5 mm. or more, from the edge of the

peristome ; that is to say, the angles of the water-vascular ring are produced in the

direction of the I'ays, so that its outline is that of a short-armed Asterias rather than the

more regularly pentagonal figure of a Goniaster.

The ciliated water-tubes (" Steincanale," Ludwig) by which the water-vascular s}-stem

communicates with the body-cavity, and thence with the exterior, vary very greatly in

their development. The early Pentacrinoid has but one, situated in the same interradius

as the fore-gut. In the later stages of Pentacrinoid life and in the young Comatida just

free there are five, one in each interradius ; and the same is the case in Rhizocnnus

lofotensis. They are multiple in Bathycrimts, though not abundant ; while in the adult

Antedon rosacea there are about thirty in each interradius ; and in Antedon eschrichti

and in Pentacrinus the number becomes still larger (PI. LVII. figs. 1, 3, 4; PI. LIX.

fig. 5

—

wt).

The radial water-vessels of Comatida commence as singie trunks arisinor from tlu'

water-vascular ring at the edge of the peristome ; and in a large Comatida like Antedon

eschrichti the water-tubes may be found depending from the leases of the radial vessels

beneath the middle line of the ambulacrum in the first two or three sections beyond tlic

edge of the peristome.

In Peatacrimts, however, the middle line of the commencing ambidacrum is occupied
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by the blood-vascular plexus (PI. LYII. figs. 1, 4, Ir), which has a water-vascular trunk

on each side of it ; and the water-tubes extend outwards in a radial direction as lone as

the water-vessels remain double. This is very evident in some horizontal sections

through the upper part of the disk of Pentacrinus naresianus, which were made for

Sir Wyville Thomson by Dr. Stirling. The double row of water-tubes may be seen

extending along the sides of the ambulacra beneath the line of tentacles, to a distance of

3 "5 mm. from the peristome, and then it is not complete.

The position of the water-tubes beneath the primary ambulacra is well shown iii

PI. LYII. figs. 1, 3, 4. They are seen, as it were, coiling round the subambulacral

plates to open below into the upper part of the circumvisceral coelom. When, however,

the radial extensions of the lal)ial plexus gradually thin out and the two lateral water-

vessels unite into a single median trunk, the water-tubes become less numerous, and are

only found in the first two or three sections beyond the point of union. They are thus

really in the same position as in the Comatulse, if w^e consider the double water-vessels as

expressing extensions of the angles of the water-vascular ring in the direction of the

rays.

The water-pores which pierce the ventral perisome, whether it be plated or not, are in

a close functional relation with the water-tubes. They are the openings of minute canals

which are lined by columnar epithelium, and expand almost immediately into enlarge-

ments where the epithelium is ciliated (PI. LVII. figs. 1, 3, 4 ; PI. LIX. figs. 2, 4, 6

—

wp).

The inner end of the canal beyond the enlargement is lined by pavement epithelium, and

opens into the Ijody-cavity. According to Perrier ' the primary water-tubes of the early

larval Comatula; are du-ectly continuous with the inner ends of the water-pores, without

the intervention of the body-cavity.

He has not yet figured this connection, however ; and after the careful observations of

Ludwig upon the subject, with which my own are in complete accordance, I have

considerable hesitation in accepting Perrier's statements, especially as he admits that the

water-pores of mature Comatulae do establish communication between the body-cavity and

the exterior, just as described by Ludwig in the Cystid phase. This subject is discussed

more fully elsewhere.- [See Appendix, Note D.]

In the smaller and simpler types of Crinoids the water-pores correspond in number to

the water-tubes. The young Antedon has one in each interradius ; and the same is the

case in Rhizocrinus, the single water-pore piercing the oral \Aatt. In Hyocrinuti,

however, the number of pores is larger. In both the specimens which I have examined

there are two pores in the oral plate of tlie anal interradius,. and there are no others in

any of the anambulacral plates which lie between it and the edges of the radials. In the

other interradii the disposition of the water-pores is as follows :

—

1 Sur le d^veloppemeiit des Comatules, Comptes renclus, t. xcviii., 1884, pp. 444-446.

2 On some points in the Anatomy of Larval ComatuLf, Qvart. Journ. Micr. Sci., N. S., vol. xxiv., 1SS4, p. 320.
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Table I.— Water-2Mi'es of Hyocvinus.
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Interradius.
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arms aud also on the proximal pinnules. In both cases they open into that section of

the body-cavity which surrounds the generative apparatus, and is known as the genital

canal (PL LXI. fig. 5). In a few cases too, I have found water-pores on the middle aud

later pinnules of the arms. They open into the genital canal of the pinnule, close to

the point where it arises fi'om that of the arm.

D. The Blood-Vascular System.

The foundation of almost all our accurate knowledge of the blood-vascular apparatus

of the Crinoids is due to the researches of Ludwig. The blood-vessels form a highly

complex system, parts of which are entirely unrepresented in the unstalked Echinoderms

(Echinozoa) ; while other parts of it, such as the oral ring aud its radial extensions abo-\'e

the water-vessels, conform to the ordinary Echinoderm type.

The radial vessels (PI. Villa, figs. 4, 5 ; PI. LIX. figs. 1, 5 ; PI. LX. figs. 1, 4, 6—h)

vary considerably in size, and are often invisible if the section be at all oblique.

They are large in Antedon eschrichti and in Actinometra nigra, and may frequently be

found to contain yellow pigment-masses or coagula. In the latter type they are some-

times triangular in section, with the apex pointing downwards so as to be received into

a strongly marked coiicavity in the upper edge of the water-vessel (PL LXI. fig. 6) ;

but in Antedon eschn'chti, Pentctcrinus decorus, and in most other t}^es their section is

more or less lenticular. Sometimes, however, it is triangular with the apex projecting

upwards towards the epithelial layer above, and so rendering the ambulacral nerve much

thinner in the middle line than in its more lateral portions (PL LX. figs. 1, (3, h).

Its cellular lining is much more delicate than that of the intervisceral blood-vessels,

and is not easy to make out. Ludwig ^ found that this radial l:)lood-vessel in the arms

of Antedon eschrichti is sometimes divided into two parts Ijy a vertical septum, which

has a distinctly cellular covering ; and I have not unfrequently found in the disk of the

same species that the lumen of the vessel may be crossed in various du'ections by

delicate thi'eads with nuclei upon them. These resemble the nucleated muscle-threads

in the water-vessels, but are much finer and less refractile.

The oral ring which connects the radial blood-vessels, and resembles them in structure,

extends somewhat beyond the inner edge of the water-vascular ring (PL LXIL);

and its wall thus projects into that part of the body-cavity which is contained within

the dense mesh-work of connective tissue supporting the lif) (PL LX. fig. 4, c). Ludwig

has described in Antedon rosacea a number of more or less branching tubules which are

. connected with the oral blood-vascular ring, and have a somewhat better defined epithelial

lining than the intervisceral blood-vessels." He thought it possible that they might be in

connection with the ramifications of the upper (ventral) end of the plexiform gland,

' Crinoideeii, h>c. cit., p. 2(57. - Ibid., p. 328.
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but lie was unable to satisfy himself upou this point. The Naples variety of Antedon

rosacea, upon which he worked, is about the worst type that could have been chosen

for delicate observations of this kind, the quantity and character of the pigment-

granules which the lip contains almost totally obscuring the other tissues.

This pigment-substance is altogether different from the yellow and brown pigment

masses so common in all Echinoderms. It is apparently related to the calcareous

spicules which are so abundant in the under part of the perisome and in the intervisceral

connective tissue. When these have been removed by acid their outlines are seen

to be well defined by streaks of pigment-granules, which appear black by transmitted,

and yellowish-white by reflected, light. They are especially abundant in the lip, and

in some individuals almost entirely conceal the blood-vascular plexus which it contains ;
^

while in specimens from other localities, and in Antedon eschrichti, it is scarcely developed

at all, and I have found no difhculty in tracing the connection of the plexiform gland

with the oral ring. This is very evident in all the other Comatulse, including Antedon,

Actinomctra, and Promachocrinus, which I have examined, as well as in Pentacrinus

(PL LVII. fig. 3; PI. LXIL).

The branching tubules depending from the oral ring which much resemble the visceral

blood-vessels, open into a dense plexus of more glandular looking tubules that is

supported by connective tissue, and extends right round the lip (PL LVII. figs. 1, 3, 4
;

PL LIX. fig. 5 ; PL LX. figs. 1, 2, 4—Zp).

It is connected with (1) the ventral branches of the plexiform gland (PL LVII.

fig. 3, xv) ; (2) with the genital vessels of the rays (PL LX. figs. 1, 2, gv) ; and (3) with

some of the intervisceral vessels (PL LVII. figs. 1, 3, 4 ; PL LX. figs. 2, 3, 5, ib ; PL LXIL).

These last form an extensive network over the coiled digestive tube, and are also dii'ectly

connected with the plexiform gland (PL LVII. figs. 2, 5 ; PL LVIII. fig. 6, ih). This

labial plexus is most abundantly developed beneath the south and south-east portions of

the peristome, i.e., in the neighbourhood of the left posterior ambulacrum. It lies

between the hind-gut forming the last coil of the digestive tube, and that part of the

capacious fore-gut which lies between the two lateral ambulacra of the right side. It is

always pretty sharply defined from the surrounding connective tissue, and is usually a some-

what prominent object in a well-stained section which is examined with the naked eye or a

simple lens. This is partly owing to the relatively thick walls of its component tubules, and

partly to the delicacy of the connective tissue holding them together. Its relations are easily

made out by the study of series of tranverse and longitudinal sections through the disk.

It is not very specially developed beneath the origins of the anterior and antero-

lateral ambulacra, the plexiform genital vessels of which may be traced into it ; though

it is somewhat denser on the left (east) than on the right side, where it is connected

1 I have found tlie same equally impracticable pigment in the disk of Actinmnetra pectinata from Singapore, and also

in some individuals of Actinonutra parvicirra from Bohol, although others from the same locality are totally devoid of it.

(ZOOL. CHALL. EXP. PART XXXII.—1884.) li 13
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below with ttie plexiform gland rising alongside the fore-gut. But it is very marked

indeed in transverse sections behind the mouth {i.e., between it and the anus), as is well

shown in the case of Pentacrinus tvyville-thomsoni (PI. LVII. fig. 1, Ip), Antedon

eschrichti (PI. LX. fig. 5), or of any Actinometra. It gradually diminishes in size as

the distance from the mouth increases, occupying an intermediate position between the

two posterior ambulacra. It is usually rather nearer to the left one (C), but is sometimes

closer to the other (D). The genital vessels of these ambulacra are derived from it

(PI. LVII. fig. 3 ; PI. LX. figs. 1, 2

—

gi^), and it finally passes insensibly into the inter-

visceral vesssels of the hinder part of the disk. In the specimen of Antedon carinata,

one section of which is represented in PI. LX. fig. 2, the labial jdIcxus lies, as usual,

rather nearer the left posterior ambulacrum, continuing very close and compact until just

in front of the anal tube, where its meshes open out, and it passes into the ordinar}^ net-

work of intervisceral vessels.

In like manner the examination of a series of longitudinal sections shows that the

labial plexus is denser, and extends farther from the peristome on the left side than it

does on the right. In the specimen of Antedon rosacea, a section of which is figured in

PI. LIX. fig. 5, the plexus is much more developed, both anteriorly and posteriorly, at

the left edge of the mouth-sht than at the right edge, or even than in the median plane

which traverses the anterior ambulacrum. The section figured (PI. LIX. fig. 5) passes

through the left angle of the peristome, from which the two lateral ambulacra diverge

;

and the labial plexus is seen as a broad band {Ip), which lies between the water-tubes

depending from the water-vascular ring {wt), and the fore-gut {fg) ; it diminishes in size

as the distance from the mouth increases, and loses its individuaUty when the two

ambulacra become differentiated.

Unfortunately I do not know the locality of this specimen ; but it is singularly

devoid of the dichroic pigment which so unpleasantly increases the difficulty of accurate

observation in the Naples variety of Antedon rosacea.

In Promachocriniis herguelensis, in Antedon eschrichti and its allied species Antedon

quadrata and Antedon antarctica, a portion of the labial plexus between the mouth and

the anal tube differs very considerably in structure from the rest of this organ. The

limits of this portion are so well defined, and it difl'ers so much from the remainder of

the labial plexus, that I propose to designate it by the name "spongy organ." Its

relations to the rest of the labial plexus in Antedon eschrichti are shown in PL LX.

figs. 3, 5, so. The former represents a longitudinal, and the latter a transverse section

of it ; while in PI. LIX. fig. 8, a portion of the spongy organ of Promachocrinus

kerguelensis is shown more highly magnified. It lies between the mouth and anus on

the left or eastern side of the gullet, and therefore is slightly nearer to the left posterior

than to the right posterior ambulacrum.

In its most fully developed condition, only found between the mouth and anus, the
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spongy organ is a somewhat egg-shaped mass, consisting almost entirely of a delicate net-

work of connective tissue with more or less open meshes.

The latter are rather wider in Promachocrinus than in any other Crinoid which I

have examined. The trabeculse forming its outer portion are much more delicate than

those nearer the surface ; and I have been unable to make out that they possess

any epithelial covering. The surface of the organ, however, is more compact, with larger

trabeculse and generally smaller meshes. These are lined by epithelial cells, being in

fact the ends of those blood-vessels forming the labial plexus which are connected with

the spongy organ, mostly, if not entirely, on its ventral side (PI. LX. fig. 5).

Some of these vessels are seen iu more or less oblique section at the right end of the

spongy organ of Promachocrinus kerguclensis (PI. LIX. fig. 8), while the relation of the

spongy organ to the labial plexus generally is well shown in the transverse and longi-

tudinal sections through the disk of Antedon eschrichti (PL LX. figs. 3, 5). The spongy

organ of this species is more compact than that of Promachocrinus. It is similarly

situated in the space left by the incomplete adhesion of the visceral and parietal layers

of the peritoneum ; and it is suspended in this space by threads of connective tissue. It

is practically the direct backward continuation of the labial plexus at the eastern angle

of the mouth, where it is much more largely developed than on the opposite side. The

relatively thick epithelial wall of the vessels gradually disappears as they enter the

spongy organ ; while the latter in its turn passes insensibly backwards into the plexus of

vessels on the upper surface of the visceral mass, from which are derived both the inter-

visceral vessels and the genital vessels of the two posterior ambulacra. The absence of

an epithelial lining in the spaces of the spongy organ is very marked, although the

epithelium is quite distinct in the blood-vessels which terminate therein. But, on the other

hand, I have found, both in this species and in Antedon quadrata, that the nuclei of the

connective tissue forming the trabeculse stain very prominently, much more so than I

could get them to do in Promachocrinus kei-guelensis.

Although the simple reticular structure of the spongy organ in this latter ty]3e is

limited, as described above, to that part of the labial plexus which is situated between

the mouth and anus, yet the distinction between it and the remainder of the labial plexus

is far less sharp than in Antedon eschrichti. For the vessels forming the labial plexus of

this type are much more closely grouped, and have a less definite epithelial wall than is

the case in Antedon eschrichti, so that it assumes a decidedly reticular character.

This is also the case with the upper end of the plexiform gland, which retains its

individuality till quite close to the mouth (PI. LIX. fig. 9, xv), for it remains large and

lobulated, instead of breaking up as in Antedon ; and the connection of its reticular portion

with the labial plexus at the north-east angle of the mouth is quite distinct ; while at the

western angle the labial plexus, though somewhat reticular in structure, is but poorly

developed.
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Towards the hinder eda;e of the mouth the trabecular structures in the left division of

the labial plexus become more and more delicate, their cellular covering thins out, and

the true spongy organ appears, with the characters described above. It is formed almost

entirely from the network on the left side of the mouth in which the plexiform gland ends

(PL LIX. fig. 9, xv). It remains throughout nearer to the left than to the right of the

two posterior ambulacra, gradually becoming more compact again, and finally passes into

the plexus of intervisceral and genital vessels.

The spongy organ of the type which is generally called Antedon rosacea varies very

much in its structure. In some cases it is almost as reticular as in Antedon eschrichti,

while in others it is hardly differentiated from the rest of the labial plexus, and consists

of a mass of twisted tubules, which have well defined epithelial walls. It is possible

that these variations may be due to specific difierences, but upon this point I can, as yet,

ofi'er no opinion.

The labial j^lexus of Pentacrinus, at any rate of the two species which I have studied

(Pentacrinus decorus and Pentacrinus u'yviUe-thonisoni), is much more highly developed

than in the Comatulse, but it contains nothing like the spongy organ of Antedon eschrichti

and its alhes. It extends outwards for some little distance from the peristome, both

beneath and between the ambulacra. In the former case it is connected with the radial

blood-vessels, beneath the middle line of the groove, thus keeping apart the converging

water-vascular trunks at its sides as already described (PI. LVII. figs. 1, 3, 4, Ir).

Its histological condition in the individuals of both the species which I have examined

is not such as to facilitate the observation of minute structural details, but from what I

have seen of the better preserved portions of it, I have no reason to think that it differs

essentially from the corresponding organ in Antedon. The epithelial lining of its cavities

Is often fairly distinct, as shown in PI. LVII. fig. 4.

As the ambulacra recede from the peristome and thus diverge more and more, the

vascular plexus underlying the interpalmar area which separates them gradually thins

out, until it is only represented by the uppermost intervisceral vessels and the genital

vessels of the rays, both of which originate in it. The former belong to the circumvisceral

layer of the peritoneum, and the latter to the parietal layer ; but the two systems are in

free communication with one another (PI. LVII. fig. 3, gv, ib).

The tubules depending from the radial blood-vessel and entering the subambulacral

plexus gradually become less and less abundant, and finally disa^ipear altogether, shortly

before the limit of the water-tubes is reached. In the anal interradius the labial plexus

is specially developed, as is well shown in transverse section in Pentacrinus wyville-

thomsoni (PI. LVII. fig. 1, Ip), lateral extensions of it being connected with the radial

blood-vessels by the tubules above mentioned. [See Appendix, Note D.]

The subdivision of the upper end of the plexiform gland into numerous branches

which terminate in the labial plexus, can generally be made out without any difficulty
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in vertical sections of a disk that is moderately free from pigment. In none of the

species of Fentacrimis or Comatula which I have examined, have I failed to observe

this connection satisfactorily ; and in some fortunate sections the vascular structure may

be traced rio-ht down from the oral ring into the lower and more compact portion of the

plexiform gland (PI. LXIL). This is generally more or less lobulated in form, and in

this respect very striking differences exist among the various types of Crinoids.

Both in Rhizocrinus (PI. Villa, figs. 7, 8, x), and in Bathycrinus (PI. Vllb.

fiiTS. 1, 4-8, jc) it is almost as simple as in the Pentacrinoid. It is oval-oblong in section

and has but slightly developed irregularities of outline. In Antedon rosacea, and in the

lower part of the disk of Pentacrin us, until it commences to subdivide, it is more irregular

in form (PI. LYIII. fig. 4, x) ; and it shows indications of its lobular structure, as is weU

seen in Ludwig's admirable illustrations ' of the former type. I have made no horizontal

sections of the disk oi Antedon eschrichti, but imagine that its plexiform gland must be

not very unlike that of Promachocrinus kerguelensis. Figs. 5 and 6 on PI. LVIII. represent

horizontal sections through the gland in the lower half of the disk of this type, fig. 6

being that nearer the calyx. The irregularity in the form of the organ is very striking.

The upper part of the same disk was cut into vertical sections. They show the extreme

subdivision of the ventral end of the plexiform gland, and the termination of its branches

in the well defined labial plexus, the spongy part of which is represented in PI. LIX.

fig. 9, XV.

The minute structure of the plexiform gland of the Crinoids is as yet unknown.

According to Perrier ^ it is identical with that of the same organ in other Echinoderms.

Fresh specimens, and not spirit-material, are absolutely essential for its elucidation ; but

as Perrier and Koehler, who have both studied the plexiform gland of the Urchins, give

accounts of its structure which diflfer from one another, and from Apostolidfes' description

of the same organ in Ophiurids, there is a difliculty in determining from analogy, and

still more so from observation, what its real nature is in Crinoids.' Certain peculiarities

that I have noticed in the appearance of its lower portion in Pentacrinus decorus lead

me to think that Koehler's account of it in the Urchins * is probably more correct than

those of his fellow-workers.

Upon one point, however, I am quite satisfied. Although the condition of my material

entirely precluded any minute observations on the structure of the plexiform gland, I

have had no difficulty in tracing its connection with the intervisceral blood-vessels of the

lower part of the disk (PI. LVII. fig. 2, PI. LVIII. fig. 6). This point was first noticed by

Ludwig in Antedon rosacea, and he illustrated it with an excellent figure." I have

1 Crinoideeu, loc. cit., Taf. xviii. figs. 57-59.

2 Sur I'organisatiou des Ciiiioides, Gomptes rendus, t. xcvii., No. 3, p. 18.

^ For a discussion of this subject see Qiuirt. Joum. Micr. Set., N. S., vols, xxii.-xxiv., 1882-1884.

* Recherches sur les ifichLuides des Cotes de Provence. Ann. du Mus. d'Hist. Nat. de Marseille, t. i. pp. 73-77, 95-99.

* Crinoideen, loc. cit., Taf. xviii. fig. 59.
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myself described and figured the same connection in Actinometra parvicinxi ;' and I

have since seen it so frequently in the different species which I have studied, that I

read the following statement of Perrier's with some little surprise. Speaking of the

plexiform gland of Antedon rosacea, he says/ " Les vaisseaux qui paraissent en partir ne

sont autre chose que les ramifications de la glande, se terminant d'ordinaire par des ren-

flements ayant I'aspect de culs-de-sac. Ces ramifications courent au milieu des iunom-

brables trabecules du tissue conjonctif de la cavity gdnerale, qui peuvent eux memes

parfois prendre I'apparence des vaisseaux." I cannot gather from this passage whether

Perrier means to deny the existence of intervisceral vessels altogether, or merely the

connection of this system with the plexiform gland. I have good reason to believe, as

pointed out elsewhere,' that his statements refer solely to Antedon rosacea ; but even in

this unfavourable t}q3e I have had no difiiculty in confirming Ludwdg's observations

respecting the relations of this organ to the blood-vessels. If the latter be ramifications

of the gland, as Perrier asserts, one would expect that they should have the same structure

as it ; whereas their nature is the same as that of the intervisceral blood-vessels, which

are lined by a layer of pavement-epithelium (PI. LVII. fig. 5); while their apparent

blindness is simply due to the impossibility of any single section showing more than a

very small portion of their winding course. A careful study of a good dissection, or of

a moderately thick transparent section, especially with a binocular, or an accurate

plotting out on paper of a series of thin sections by means of a camera, will reveal much

that is totally unrecognisable in other ways. [See Appendix, Note E.]

I have studied the intervisceral blood-vessels principally in Antedon eschrichti,

Pentacrinus decorus, and Actinometra parvicirra. In the Pentacrinus, with its body-

cavity reduced by the presence of much calcareous tissue, the visceral blood-vessels are

less abundant within the simple coils of the digestive tube than on its outer surface,

where they may be excellently seen in tangential sections of the visceral mass, as shown

in PI. LVII. fig. 5, ih.

But in Antedon eschrichti and Actinometra, which have a more complex digestive tube,

the intervisceral blood-vessels are more largely developed. The connection of one of them

with the plexiform gland of Promachocrinus herguelensis is shown in horizontal section

in PL LVIII. fig. 6, while PI. LVII. fig. 2 represents a portion of one of several vertical

sections of Pentacrinus decorus in which the same point is visible, the plexiform gland

itself unfortunately having no recognisable structure.

The blood-vessels may be readily distinguished from connective tissue, especially in

Pentacrinus ; for nearly all the visceral connective tissue of this type is regularly calcified,

1 The Minute Anatomy of the Brachiate Echinoderms, Quart. Journ. Micr. Sci., Is. S., vol. xxi., 1881, p. 185, pi. xii.

figs. 14, 15.

2 Gomptes rendus, t. xcvii. p. 188.

5 Notes on Echinoderm Morphology, No. VI. ; Oa the Anatomical Relations of the Vascular System, Quart. Journ.

Micr. Sci., 1883, vol. xxiii. p. 610.
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and therefore presents the usual reticular structure after the limestone has been removed
;

and even those bands of ordinary connective tissue (both in Comatulse and in Pentctcrmns)

which contain irregular limestone deposits have a totally different facies from the blood-

vessels (PL LVII. fig. 5). They meet at different angles, and have no internal cavity

which is lined by epithelium and frequently contains coagulum.

The relation of the plesiform gland to the intervisceral blood-vessels is especially well

seen in Actinometra.

Owing to the excentric position of the mouth, the characters of the plexiform gland are

considerably diflferent from those of the same organ in the regular Crinoids. I have

studied it more particularly in the two species Actinometra parvicirra and Actinometra

pulchella, the latter having the mouth much nearer to the centre of the disk,than the

former. It is also radial in position, while that of Actinometra parvicirra is interradial.

In both types the labial plexus is most developed behind the mouth, and especially

towards the left or eastern angle, where it contains an imperfectly differentiated spongy

organ ; and it also extends outwards between the ambulacra farther than on the

right side.

It is the right anterior portion of the labial plexus, however, which is more especially

connected with the plexiform gland, while the spongy organ at the left posterior angle of

the mouth passes backwards into the intervisceral vessels.

In Actinometra jiu^chella with its radial, and but slightly excentric mouth (PI. LXI.

fig. 1), the relations of the parts are, as might be expected, much more like those of Antedon

than is the case in Actinometra p>arvicirra, with its nearly marginal and interradial mouth
(PI. LXI. fig. 2). In the former type the plexiform gland rising out of the calyx ascends

nearly in the vertical axis of the disk for some little distance and then divides into two

principal portions. The left hand one is little more than a bundle of vessels which runs

forwards, upwards, and a little outwards till it comes to lie above the gullet imme-

diately in front of the base of the anal tube, and terminates in the spongy part of the

labial plexus at the left posterior angle of the mouth. The right division, which is connected

with the intervisceral vessels of the anterior half of the disk, retains its glandular character,

and passes upwards between the coiled gut and the central rectum to join that part of

the labial plexus which lies beneath the origins of the ambulacra of the right side.

The fore-gut of Actinometra parvicirra passes more directly backwards and dowTi-

wards than that of Actinometra indcliella, until it comes to lie immediately above

the base of the posterior ray, rather to the left of the centre of the disk (PL LXI. fig. 2).

The spongy organ at the left posterior angle of the mouth is continued downwards and

backwards slightly above the gullet, between it and the three inner coils of the gut, as a

gradually diminishing bundle of vessels, with which the intervisceral vessels of the left half

of the disk are connected. This corresjionds to the left division of the plexiform gland in

Actinometra pulchella, though not quite in the same position as regards the digestive
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tube. It is connected with the plexiform gland proper by numerous intervisceral

vessels, which pass both above and below the fore-gut so as to completely surround it.

The plexiform gland proper bends directly forwards as soon as it enters the visceral

mass, lying at first a little way from the right end of the gullet, but ultimately comes to

be close to its anterior end.

This is more nearly in the median longitudinal plane of the disk, so that the

plexiform gland lies between the gullet and the first or outside coil of the gut ; and as in

Actinometra pulchella, the glandular structure passes directly into the labial plexus at the

right angle of the mouth. ^ It does not therefore, as in the more regular forms, directly

give off" the oesophageal bundle, being only in connection with it by the intervisceral

vessels which encircle the gullet ; but it is the centre for all the vessels of the right and
anterior sides of the disk, just as the corresponding structure is in Actinometra jynlchella.

The plexiform gland diminishes gradually in size when it has passed out of the visceral

mass into the central funnel within the radials ; and it begins to lose its glandular, more
or less lobulated appearance (PI. XXIV. fig. 9, A'). This is retained longer in forms

like Bathycrinus and Rhizocrinus, which have relatively high radials (PI. Vllb. figs. 3-5
;

PI. Villa, fig. 7

—

x). Vascular cavities begin to appear in it and group themselves into

an inner set surrounded by a ring of five vessels, which are radially disposed. These

expand within the basals into the chambers of the chambered organ (PI. Vllb. fig. 2 ;

PI. XXIV. figs. 6-8
; PI. LVIII. figs. 1-3

—

ch). Ludwig has given an excellent account

of this connection in Antedon rosacea,'' which applies equally weU to Actinometra,

Rhizocrinus, Bathycrinus, and Pentacnnus.

According to Perrier,^ however, " Le corps ovoide s'implante chez la Comatule adulte

sur I'un des planchers horizontaux de I'organe cloisonne." In this, as in the former case,

I am at a loss to make out Perrier's real meaning. For he admits in a later communica-

tion* that the ovoid gland or axial organ terminates below " en un tube conique qui

penfetre, en s'amincissant toujours, dans I'axe de I'organe cloisonne ;" and that this tube

is the upward continuation of the cellular " cordon " in the centre of the larval stem.

If, however, he intends to deny the communication of the cavities of the chambers

with those of the plexiform, or, as he calls it, the " ovoid " gland, I must totally disagree

with him. For I have the most satisfactory evidence of this connection in my series

both of horizontal and of vertical sections through these structures in Pentacrinus decorus,

and also in other types.

The upper part of the stem contains the usual six vessels, five peripheral and one

central (PI. XXIV. figs. 2, 5 ; PI. LVIII. fig. 3). The single axial vessel which represents

Perrier's "cordon central" in the larval stem divides when it enters the chambered

1 Two figures, illustrating these points in Actinometra parvicirra, will lie found in the Qvart. Journ. Micr. Sci.,

N. S., vol. xxi., 1881, pi. xii. figs. 14, 15.

2 Crinoideen, loc. cit., p. 317. s Comptes rendiis, t. scvii. p. 188.
" Comptes rendus, t. xcviii. jDp. 445, 446.
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organ, first into two (PI. XXIV. fig. 6, v), and then into four or more; while the

peripheral vessels around it expand into the chambers (PL XXIV. figs, 6, 8 ; PI. LVIII.

fio-s. 1-3

—

ch), just as they do on a smaller scale within the nodal stem-joints (PL XXIV.

fig. 4, dm).

As the ascendino- vascular axis of Pentacrinus decorus passes out of the basal ring, and

enters the central plug within the radial pentagon, the chambers become elongated and pear-

shaped in the direction of the rays ; and at the same time their cavities are traversed by

trabeculge, which break them up into numerous smaller cavities that contain masses of

yellowish-brown pigment-granules (PL LVIII. fig. 2, ch). Some of these spaces have a

definite epithelial lining, like the chambers with which they are connected, while others

are deficient in this respect. Before reaching the level of the circular commissure,

however, these radial extensions of the outer vessels of the plexiform gland terminate

somewhat abruptly ; and the gland is reduced to a small but compact bundle of vessels

in the middle of the central plug.^ As it rises it becomes extended laterally, and its

shape when it enters the visceral mass (as seen in section) is that of a more or less

irregular L; while this soon passes into a lobular form of the usual variable

character.

The appearance of these radial extensions of the lowest part of the plexiform gland in

Pentacrinus decorus forcibly recalls Koehler's description of the minute structure of the

ventral end of the ovoid (plexiform) gland in the Urchins. This is connected with the

oral ring by a single vessel, which is called by Koehler the glandular canal. The other

end of the gland is said by the French anatomists to open externally through the

madreporite in all the Echinozoa, together with the water-tube ; though both in Asterids

and in Ophiurids Ludwig has described it as connected with an aboral vascular ring in

which the genital vessels arise, and there is strong reason to believe that the same is the

case in the Urchins too.

It will be a matter of no little difiiculty to determine exactly the portions of the

blood-vascular system of a Crinoid which are represented in a Starfish or Urchin ;
and the

question will probably only be satisfactorily settled by careful studies in organogeny.

There is no doubt about the oral ring upon the one side of the disk, and the chambered

organ on the other. But where is the line to be drawn between the two ?

It seems to me not unlikely, as I have suggested elsewhere,^ that the labial plexus of

Crinoids may represent the aboral ring of the Echinozoa, the plexiform gland being much

shortened, but expanded laterally instead. Both the intervisceral and the genital vessels

are in communication with it, just as they are Tv^th the aboral ring of Asterids, according

to Ludwig ; and in this class too the plexiform gland is continued upwards beyond the

1 The xipward passage of the chambers into the peripheral cavities of the lower part of the gland is hotter shown

in the section next to that represented in PI. LVIII. flg. 2.

2 Qmrt. Journ. Micr. Sci., N. S., vol. xxi., 1881, p. 185 ; and also Notes on Echinoderm Morphology, No. V.^^On

the Homologies of the Apical System, with some Remarks upon the Blood-vessels, Ibid., N. S., vol. xin., 1882, p. 375.

(ZOOL. CHALL. EXP.—PART XSXII. 1884.)
il 14
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aboral ring to terminate in the perisome of the central part of the disk. It would be

very interesting to determine the relation of this dorsal extension of the plexiform gland

in those Asterids such as Zoroaster fulgens, which retain well-developed basal and

radial plates in the centre of the disk, so as to resemble the calyx of a Crinoid.^

It will be remembered that Prof. Perrier has noted the identity in structure between

the axial organ of a Crinoid and the so-called ovoid gland of the Echinozoa. This organ

is considered by Ludwig and myself to be in a close relation with the blood-vascular

system, and intimately united to the oral blood-vascular ring, just as the axial organ is

in the Crinoids. But Perrier believes it to be an excretory gland, unconnected with the

blood-vascular system and opening to the exterior through the madreporite. Koehler's

observations on the Urchins, however, tend to disprove this theory, as I have shown

elsewhere.^ Perrier has recently asserted that the axial organ of a Crinoid communicates

with the exterior (see Appendix, Note D) ; but although he has described its structure

as identical with that of the ovoid gland of Starfishes and Urchins, he nevertheless

compares it with the madi'eporic or .stone-canal of these types.^ He thus considers an

organ which is related to the blood-vascular system of a Crinoid to be represented by a

part of the water-vascular system of other Echinoderms ; and he denies that the latter

corresponds to the water-tubes and water-pores of a Crinoid, as is generally supposed.

The only reasons which he brings forward for this conclusion are that the walls of the

axial organ in the young Crinoid are folded Like those of the stone-canal in Starfishes

;

while it has the same position vAth. regard to the digestive apparatus as the stone-canal

of Urchins. The first reason appears to me to be of very little value, as I have pointed

out elsewhere;* while Perrier seems to have overlooked the fact that the second one is

equally applicable to the doctrine of a general homology between the axial organ of a

Crinoid and the so-called heart of an Urchin. For this structure lies in the immediate

neighbourhood of the stone-canal, and Perrier himself admits that it is identical in

structure with the axial organ of a Crinoid, which is certainly not the case with the

stone-canal.

It is difficult to see what rational grounds Perrier has for his suggestion that a part

of the water-vascular system of a Starfish or Urchin is represented hy an organ which

belongs to the blood-vascular system of a Crinoid, as his own observations show, though

he nowhei-e admits that such is the case. (See Appendix, Note F.)

The chambered organ of Comatula is contained within the cavity of the centro-dorsal,

and is covered in above by the rosette of metamorphosed basals ; it is a larger structure,

both relatively and absolutely, than that of a stalked Crinoid, omng to the concentration

of -the cirri at the top of the larval stem.

See Sladen, On the Homologies of the Primary Larval Plates in the test of Brachiate Echinoderms, Quart.

Journ. Micr. Sci., 1884, vol. xxiv., N. S., pp. 32-34, pi. i. fig. 16.

2 Quart. Journ. Micr. Sci., 1883, vol. xxiii., E. S., pp. 599-609. ^ Comptes rendus, t. xcviiL pp. 445, 446.

* Quart. Journ. Micr. Sci., 1884, vol. xxiv., N. S., p. 323.
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In Bathycrinua, Rhizocrinus, and P'entacrinus the central vascular axis of the stem

consists of five peripheral vessels surrounding a core of smaller ones (PI. Vila. fig. 2

;

PI. XXIV. figs. 2, 5 ; PI. LVIII. fig. 3

—

ch') ; and from these peripheral vessels are

derived the central vessels of the cirri borne by the stem. In Pentacrinm these cirri

are borne by special nodal segments which occur at more or less regular intervals all

down the stem. The five large peripheral vessels expand slightly in each nodal joint,

and each gives off one cirrus-vessel (PL XXIV. figs. 3, 4, chn, cv; PL LXIL). Hence,

every nodal joint contains, as it were, a small edition of the chambered organ situated

in the calyx (PL XXIV. figs. 6, 8, ch ; PL LXIL).

In Comatula, however, the centro-dorsal represents physiologically "a coalesced

series of the nodal stem-joints in the stalked Crinoids,"^ and the downward prolonga-

tions of the chambers into the stem are ruptured when this organ is discarded. A

minute opening in the floor of each chamber close to the central axis remains to indicate

their former existence, while a small aperture in the middle of the peripheral wall of

the chamber leads into a cirrus-vessel. The vessels of the remaining cirri are derived

from those forming the central axis of the chambered organ. They pass outwards

horizontally beneath the chambere in five groups which are thus radial in position, as are

the earlier cirri and those on the stem of Pentacrinus (PL XXIV. fig. 4, cv ; PL LXIL).

In Actinometra parvicirra, the only species of the genus in which I have made

horizontal sections through the calyx, the central axis of the chambered organ contains

only two vessels, instead of the larger number present in Antedon rosacea ; and there

are fewer cirrus-verticils beneath the chambers. This is only what might have been

expected, from the reduced size of the centro-dorsal in this type and the smaU number

of cirri which it bears. In the Pentacrinoid again, with an undeveloped centro-dorsal

bearing only five cini, the vessels of these organs are derived directly from the cavities

of the chambers, just as in the nodal joints of the stem oi Pentacrinus.

Perrier has described the cirrus-rudiments as originating from the " cordon central " of

the larval stem, and as alternating with the rays, i.e., as interradial in position.^ He has

given no figures in support of his statements, which are far from being in accordance

with the observations of M. Sars, Dr. Carpenter, and myself, as I have explained else-

where.^

The smaller size of the cavities of the chambered oi-gan in the stalked Crinoids than

in the Comatute, and the greater simplicity of its centi-al axis, are obviously related to

the absence of a cirrus-bearing centro-dorsal.

Both in Rhizocrinus and Bathycrinus, so far as my experience goes, the axis of the

chambered organ is formed throughout of a single vessel (PL Vllb. fig. 2, V). In Penta-

crinus there is only a single vessel in the upper part of the stem (PL XXIV. figs. 2-5, V).

1 "Wyville Thomson, Phil. Trans., 1865, p. 536. ^ Comptes rendus, t. xcviii. pp. 445, 446.

3 QuaH. Journ. Micr. Sci., 1884, vol. xxiv., N. S., pp. 325, 326.
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This divides into two or more wliicli pass upwards, like the chambers themselves into the

glandular organ above (PL XXIV. fig. 6 ; PL LVIIL fig. 3—V; PL LXIL). But a sieve-

like axis, such as occurs in Antedon, is absent in the stalked Grinoids, which have no

cirri just beneath the calyx that require to be supplied with blood.

E. The Genital Glands.

Since the discovery, made independently by Dr. Carpenter and Prof. Semper,^

that the so-called nerve of Midler, which is situated between the skeleton and the water-

vessel of the Crinoid arm, is really a part of the generative system, our knowledge of its

minute anatomy has been largely increased by Ludwig.

He discovered that the actual genital tube, the epithelial cells of which develop into

ova (PL Vb. fig. 1 ; PL Vc. fig. 1 ; PL Villa, figs. 4, 5 ; PL LX. fig. 6—^c.),is suspended

by fusiform or branched cells within a blood-vessel ; and he believed this vessel to arise

from the vascular plexus underlying the sul^teutacular canals of the disk.

Dr. Carpenter had previously come to the conclusion, as the result of his dissections,

that the genital cord or so-called raehis of the arm is a radial extension of this plexus.

He further believed the latter to be in connection with the ventral end of the plexiform

gland, having seen the division of this organ in the Pentacrinoid into five branches, one

of which passes to each ray, an observation which may be easily confirmed liy examina-

tion of optical sections of a Pentacrinoid, soon after the appearance of its fii'st whorl of

cirri. According to Perrier the body-cavity of a mature Pentacrinoid or recently

liberated Comatula contains no structures which could be considered as blood-vessels

;

although he finds within the meshwork of connective tissue that occupies the body-cavity

" un petit nombre de cordons ceUulaii'es pleins qui se rendent manifestement aux bras"^

I have little doubt that these are a further development of the branches from the axial

organ of which one passes to each ray, as described by Dr. Carpenter ; and that they

eventually give rise to the subambulacral plexus of genital vessels (PL LVII. fig. 3;

PL LX. figs. 1, 1—gv).

The genital tube of the arm is regarded by Ludwig as a sterile portion of a complex

genital organ,^ the epithelial lining of which only develops into ova or spermatozoa in

particular places, usually within the pinnules. The cells lining it are relatively large, and

project into its interior, thereby reducing its cavity very considerably.

Dr. Carpenter, who was unacquainted with the blood-vessel ensheathing the true

genital cord, spoke of the latter as having a tubular wall and granular contents ;'' and he

stated that in the plexus beneath the subtentacular canals of the disk of Antedon rosacea

1 Kurze anatomische Bemerkungen tiber Comatula, Arh. zool.-zoofom. Inst. IFurzbwrg, Bd. i. p. 260 ; translated,

with an Adilendum by Dr. Caqjenter in the Ann. and Mag. Nat. Hist., ser. 4, vol. xvi., 1875, pp. 202-209.

- Comptes rendus, t. xcviii. p. 445. 3 Crinoideeu, loc. cit., p. 293.

* Proc. Roy. Soc. Lond., 1876, pp. 220, 221.
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the cavity with its granuhir contents bears a smaller proportion to the thickness of the

tubular wall. I suspect that this varies somewhat according to the sexual maturity of the

individual ; but I have generally noticed that the vessels of this plexus in Antedon eschrichti

do not show such a clear section as the visceral blood-vessels, their lumen being occupied

by cellular structures ; while in some disks of this species I have found as distinct a

genital tube mthin the vessels of this subambulacral plexus as is to be met with in the

arms between the bases of two successive pinnules.

Further, in one example of Antedon rosacea, I found a small but well-developed ovary

occupying the position of the genital plexus beneath the left posterior ambulacrum of the

disk. The first traces of it aj)pear in the sections which pass through the hinder part of

the spongy organ ; and it extends outwards to the point where the primary radial groove

divides into the two which proceed to the arms. It contains the nuclei of half a dozen

ova in various stages of development, some with a germinal spot, and some without.

A still larger and more fully developed ovary occurs in the disk of one of the three

examples of Actinometra pidchella which I have cut into sections. It commences close

to the peristome, and extends outwards beneath the left anterior ambulacrum nearly to

its bifurcation, lying close down upon the uj^per surface of the intestine, and moulded to the

plications of its waU.

In Antedon carinata I have not only found a distinct genital tube within some of the

vessels forming the plexus beneath the disk ambulacra, but I have also met with detached

portions of ovaries containing more or less fully developed ova in various parts of the

body-cavity, e.g., in the spaces of the connective-tissue network forming the lip ; in the

intervisceral portion of the body-cavity, between the two parts of the coiled gut ; and in

the subtentacular canals between the genital plexus and the water-vessels.

There can, therefore, I think, be hardly any question as to the relation between the

genital glands and portions of the blood-vascular system ; while the occasional develop-

ment of rudimentary ovaries within the disk of recent Crinoids is of consideraljle

imj)ortance. For it shows that there is no morphological improbability in the theory which

supposes the genital glands of extinct ixrmless t^-pes, like the Blastoids and Cystids, to have

been situated within the body, rather than in the so-called pinnules, even when these are

present, which is by no means always the case.

The fertile intra-pinnular portions of the genital glands vary considerably in shape.

In most of the British varieties of Antedon rosacea, in Antedon angusticalyx, Antedon

acoela, and Eudiocrinvs japonicus, they are short, thick, and rounded. They some-

times terminate in rounded ends, and ai-e sometimes continued onwards as slender cords

through two or three pinnule-joints. But in the Antedon rosacea from Naples, and in

the group of species allied to Antedon eschrichti, they are long and fusiform, extending

over several pinnule-joints. The same is the ease in Hyocrinus (PI. Vc. figs. 8, 10, t),

Bathycrinus (PI. YII. fig. 7; PI. VIII. fig. 5), and Rhizocrinus (PL X. fig. 20), though to
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a less extent. The ovaries of the Pentacrinidse are likewise long and fusiform, some of

them appearing to present somewhat anomalous characters. For in some sections which

were made for Sir Wyville Thomson by Dr. Stirling, the ovary appears in the arm,

occujjying the usual position between the subtentacular and the coeliac canals where the

sterile genital cord is normally found. This is also the case in the lower parts of the

arms of Holoious (PI. Vc. fig. 2, or), but I have not yet succeeded in discovering which

species of Pentacrinus or Metacrinus is distinguished by this peculiarity ; for the sections

above mentioned were not labelled with any name or reference number. I have cut

sections of the arms of all the more common Pentacrinidas, but in none of them have I

found any such departure from the tj'pe of the ordinary Antedon as is presented by the

ovaries of this unknown species.

Many years since it was discovered by Prof. Semper,^ during his residence in the

Philippine Islands, that the ovaries of Actinometra parvicirra { — Actinometra armata,

Semper, M. S.) are not attached to the genital cord by their ends in the usual way. For

a backward process is given off at the point where the short branch of the sterile genital

cord expands into the fertile portion of the gland ; and it lies -within the ventral peiisome

of the arm on the proximal side of the pinnule attachment. This is as fertile as the

rest of the gland which is actually within the pinnule, so that the whole structure

appears to be attached to the genital cord at some little distance from its end ; and it

comes right down into the arm at the sides of the subtentacular and cceliac canals, being

attached almost directly to the genital cord (the so-called rachis), the lateral branches of

which are quite short. In most sections of the arms, therefore, an ovary is to be seen on

either side of the central genital cord (PI. LXI. fig. 3).

This condition also occurs in Metacrinus angulatus, and in other Philippine

Comatulee, e.g., Actinometra nobilis and Actinometra dissimilis ;'' and so far as one can

judge from the appearance of the ventral perisome, without cutting sections, I suspect

that it is tolerably common in the larger tropical Comatulae.

Although I have examined the ovarian pinnules of a large number of species, I have

never met with definite openings for the discharge of the ova ; and I must therefore,

like Ludwig, leave undecided the question of the origin of the relatively large openings

which occur on the inner side of the pinnules of Antedon rosacea at the time of

sexual maturity. On the other hand, I have found male individuals in which the

testicular openings are evident enough (PL LIV. fig. 3). In Antedon acoela ?i\id. Antedon

angusticalyx, for exami^le, the fertile part of the gland is short, thick, and rounded. It

only extends over four or five of the pinnule segments, and is protected by the tolerably

regular pavement of plates already described. At about the middle of its length one or

two small conical projections rise from it towards the ventral surface of the pinnule, and

^ Arb. zool.-zootom. Inst. Wiirzburg., loc. cit., fig. 1, p. 261.

2 a
- The specific formula of this type is—a . 3 . -5- . 3 . 3 . -r- •
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may be seen in an optical section of the decalcified pinnule to end in a small rounded

opening. One of these openings is shown in PI. LIV. fig. 3, and I do not think that, as

a rule, there is more than one to each pinnule.

In nearly all the Crinoids which I have examined the structure of the genital gland

is the same as described by Ludwig in Antcdon eschrichti. The epithelial lining of the

genital tube is continuous with that of the ovary. Individual cells of this lining enlarge

at the expense of their fellows, and are gradually enclosed in follicles which are derived

from the original ovarian epithelium. These follicles project freely into the lumen of the

gland ; but there is practically nothing which could be called an ovarian stroma.

In Actinometra nigra, however, there is a highly organised stroma separating the

follicles ; and young ova may be found in it at all stages of growth, the smallest being

no larger than the nucleolus of a mature ovum. But I have been unable to make out

the derivation of these germs from the epithelial cells as clearly as may be seen in Antedon

eschrichti and similar forms.

In Actinometra parvicirra, on the other hand, I have failed to discover any follicular

structure at all. The ova are smaller than in other types, and project slightly from the

surface of a dense brown stroma in which no oro;anised structure can be made out

(fig. 4 on p. 113 ; PI. LXI. figs. 3, 4). The genital cord of both these species (PI. LXI.

figs. 5, 6) is very difi'erent from that of the other Crinoids, varying greatly in shape and

appearance. But the description and illustration of its peculiarities must be deferred to

another occasion.

In two other multiradiate species of Actinometra from the Philippine Islands,

however, Actinometra dissimilis and Actinometra nobilis, the genital cord of the arms

is much less complex, and closely resembles that of Antedon eschrichti, except that it

frequently contains a quantity of ill defined pigment masses. The ovaries have the same

structure as those of Antedon eschrichti and Antedon rosacea ; and the ova which they

contain, exhibit exactly the same relation between yolk and yolk-sac as have been

described by Ludwig in the ova of the latter type.^ The whole ovum ajjpears to be

sm-rounded with a network formed of dark threads and clear meshes. The latter,

however, are larger, and the former smaller and more delicate than in the ova of Antedon

rosacea, as described by Ludwig.

F. The Neevous System.

That portion of the organisation of a Crinoid which corresponds to the ambulacral

nervous system of other Echinoderms is of a somewhat limited character. So far as is

yet known, it is confined to the cUiated floor of the food-grooves and to its minute

lateral extensions in the direction of the tentacles. " Audere Zweige als die schon

' Die Bildung iler Eilutlle bei Antedon rosacea, Zool. Anzciyer, Jahrg. iii., 1880, pp. 470, 471.
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erwiilinten zu den Tentakeln sah ich nirgends von dem Nervenstamm des Arms oder der

Pinnula abtreten."^ Thus speaks Ludwig, who has given us a careful description of

the ambulacral nerves of Antedon eschrichti, the type in which they are more completely

differentiated from the ectoderm than in any other Crinoid.

Immediately beneath the closely packed ciliated epithelium which Jines the food-

groove is the band of nerve-fibrils, which thins away somewhat in the middle line

above the radial blood-vessel. It is covered by a very delicate sheet of connective

tissue on which the epithelial layer rests, and it is traversed vertically by delicate

threads of a similar nature which break up the whole nerve-band into bundles of fibrils

with numerous minute cells intercalated among them (PL LX. figs. 4, 6, n). Ludwig

was unable to find this connective tissue sheet in Antedon rosacea, and I have not met

with it in any other Crinoid but Antedon eschrichti. All the other types that I have

examined have a much less defined nerve-band than this species (PI. Villa, figs. 4, 5 ;

PI. LVII. figs. 3, 4 ; PL LIX. figs. 1,5; PL LX. figs. 1, 2—n) ; and tlie vertical fibres

which cross it are continuous with the extended lower ends of some of the epithelial

cells in the layer above. In fact, both Ludwig and myself have observed this absence

of a basement membrane and the connection of the epithelium with the vertical fibres

in some individuals of Antedon eschrichti, other sections of which present the appearance

described above.

Judging from Hamann's observations on the Asterids and Holothurians,'' and also

from those of Koehler^ on the Urchins, we may consider it certain that among these

" Stutzzellen " there are likewise sense-cells or neuro-epithelial cells, the inferior ends

of which are connected with nerve-fibrils.

Not having worked with sufficiently weU preserved material, I have never seen them,

and they escaped the notice of Ludwig both in Asterids and in Crinoids ; but I have no

doubt whatever as to their presence.

As regards the cellular elemeuts of the Echinoderm nervous system, it is becoming

gradually recognised that nerve-cells of the usual well defined type are either altogether

absent, or confined to certain speciallj^ sensitive parts of the body. Neither Hamann nor

Senon have found anything but bipolar cells in the nervous system of Holothurians.

Similar cells have been described and figured by Koehler in the Urchins; while, according

to Eomanes and Ewart*the cell protoplasm " is generally seen to project in two, or

sometimes in three directions." The radial nerves of the Asterids, according to Hamann,

contain numerous fusiform or bipolar cells, among which are a few mth more than two

processes ; while larger cells, both bipolar and multipolar, occur in the neighbourhood of

the terminal tentacle. Considering the reduced condition of the ambulacral nerve in the

1 Crinoideen, loc. cit., p. 264.

2 Beitriige zur Histologie der Eclnnodermen, Mittli. I., II., Zeitschr.f. wiss. ZooL, Bd. xxxis. pp. 146, 309.

2 Op. cit., pp. 50-54, pi. vi. fig. 47.

* Observations on the Locomotor System of Echinodermata, Phil. Trans., 1881, p. 836.
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s.te.

Crinoids, one is not surprised to find Ludwig limiting himself to the following statement

—

" Die winzigen Zellen, die sich zmschen den Nervenfasern finden, sind vielleicht auch nur

die Kerne von Zellen, die in den Verlauf der Fasern eingeschaltet sind ;
" ^ and my own

observations have not enabled me to add anything to this suggestion.

Hamann's observations on the Asterids have led him to discover that the so-called

ambulacral nerves are only specially developed parts of a general subepithelial plexus

containing ganglion-cells. This surrounds the whole body, and is traversed, though very

sparingly, by vertical fibres extending downwards from some of the "Stutzzellen"; while

sense-cells are intercalated among these at the bases of the respiratory caeca and elsewhere.

Hamann has found a similar ectodermic plexus, distinct from the radial nerve, in

Holothurians ; and the presence of a corresponding structure in Ccelenterates, Nemertines,

Turbellarians, Chsetognatha, &c., is now thoroughly established. Thus, then, there

would seem to be no reasonable doubt respecting the existence of an ectodermic nerve-

plexus in the Crinoids. But even if the existence of this plexus be admitted, it is

difficult to suppose that the nervous system of a Crinoid with its innumerable pairs of

muscular bundles is limited to the subepithelial band in the floor of the food-grooves, its

tentacular branches, and the as yet undemonstrated

plexus. Leaving the latter out of consideration for the

moment, Where, I would ask, are the nerves of the pin-

nules of Antedon acoela and Antedon angusticalyx

which are shown in PI. LIV. figs. 1-3, 5 ? Where is the

nervous system of the large number of arms on the two

posterior rays of the gigantic Actinometra magnijica

represented on PL LVI. fig. 7, or that of the numerous

ungrooved arms on the three other rays 1

It is difficult toconceive that these ungrooved arms and

pinnules (PL LXI. fig. 3), which form so large a part of

the entire organisation of this animal, are entirely unpro-

videdwith a nervous system, and yet the ambulacral nerve

is altogether absent (fig. 4). Even when this is present,

Ludwig himself admits that he has seen no other branches

proceeding from it than those which supply the tentacles.

Now the muscular system of a Crinoid is unusually

well developed. From the fii-st radials to the ends of

the arms every two joints are united by a pair of

muscular bundles (PL LXL figs. 4, 5), except in the case of the syzygies and the rare liga-

mentous articulations. The pinnules are always united to the arms by muscles, and in many
forms there are muscles between several pairs of the piuuule-joints (fig. 6 on p. 121, m).

' C'rinoideen, loc. cit., p. 264.

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.) li 15

Fig. 4.—Diagrammatic transverse section of
an uugrooved ovarian pinnule oi Actino-

?)ietra parvicirra, x 50. a, axial cord
;

«', the branclies proceeding from it ; c.c,

celiac canal; ci.c, ciliated cup; c.s.,

connective tis3ue spaces iu the perisonie
;

g.</., genital canal; g.v., genital vessel
;

/, skeleton of the pinnule-joint; I.e.,

lateral canal connecting the coiliac and
subteutacular canals; ov, ovary; s.t.c,

Bubtentacular canal ; w., radial water-

vessel.
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Some species have as many as two hundred arms, each consisting of from

one hundred and twenty to two hundred joints ; while I have counted three

hundred joints in the arms of a Large Antcdon eschrichti. The regular and

graceful mode in which a ten-armed Crinoid swims is well known. The simul-

taneous flexions of the five right and of the five left arms alternately involve the

co-ordinated contraction of several hundred pairs of well defined muscular bundles, and

yet these are performed in entire independence of the ambulacral nervous system, with

which the muscles are in no direct connection. In fact the eviscerated skeleton which

has lost its disk and oral nerve-ring will swim as well as the entire animal. Whence
does it get this power ?

According to R. Hertwig * " Zunachst ist fiir mich die schon oben vertheidigte Grund-

anschauung maasgebend dass die Lebenserscheinungen der Ctenophoren nicht gut ohne

die Annahme eines mesodermalen Ner\'ensystems verstilndlich sein mochten. Seitdem

durch die neueren Untersuchungen mit sicherheit Nerven bei den Medusen und Actinien

nachgewiesen worden sind, ist kein Fall im Thierreich bekannt, in welchem complicirtere

und raschere Muskelbewegungen ohne gleichzeitige Anwesenheit von Nerven zu Stands

kamen. Sollten die Ctenophoren in dieser Hinsicht eine Ausnahme machen ?"

Substitute for " Ctenophoren " the name " Crinoideen " in the above quotation, and

the question arises, Where is the co-ordinating centre of the muscular movements of a

Crinoid ?

A centre of this kind, if it exists in such a highly organised type as a Crinoid, cannot

but be regarded as belonging to a nervous system ; whereas a denial of its existence

brings us face to face with a physiological problem of much complexity. As a matter

of fact, however, there is both physiological and anatomical evidence for the existence of

such a centre, though the morphological difficulties which its presence involves are of

the most perplexing character.

The well-knowTi experiments of Dr. Carpenter^ have shown conclusively that the

fibrillar envelope of the chambered organ is the governing centre on which all the

muscular movements of the animal depend, and that the movements of each individual

arm depend upon the integrity of the axial cord of that arm. For they stop directly

it is injured, just in the same way as injury to the chambered organ causes all the arms

to be rigidly stretched out by the action of the dorsal elastic ligaments. The fibrillar

envelope of the chambered organ, therefore, is the centre of a nervous system, the peri-

pheral portion of which consists of the axial cords of the rays, arms, and pinnules, and of

the numerous branches proceeding from these cords.

The occurrence of this fibrillar tissue in the stem and cirri (PL XXIV. figs. 1-5, ca.),

and also in the ventral perisome, whether bare or plated (PL LIX. figs. 2-4, 6, 7;

1 Ueber den Ban der Ctenophoren, Jenaische Zeitschr., Bd. xiv. p. 437.

2 Proc. Roy. Soc. Land., 1876, p. 453.
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PI. LX. fig. 2

—

a.d.; fig. 6, a'. Figs. 4, 5, 7, a'; fig. 8, a.d.), where muscle fibres are absent,

indicates that if it be nervous, it must be not only of a motor but also of a sensory nature.

This conclusion also follows from the fact that stimulation of one of the oral pinnules of

Antedon rosacea causes the flexion of all the ten arms. This result is not simply due to

general irritability ; for if so, it would follow when any pinnule was stimulated ; whereas

stimulation of one of the ordinary pinnules is only followed by flexion of the arm which

bears it. This experiment therefore is evidence of a reflex action of a somewhat complex

nature ; and the axial cords must be the paths of both afi"erent and efi'erent impulses.

For there is no ambulacral nerve in these oral pinnules, which resemble those on the

hinder arms of Actinometm (PL LVI. fig. 7 ; PI. LXI. fig. 3) in being ungrooved, and

devoid of tentacles, blood-vessels, and ventral nerve (fig. 4), The latter is normally

connected with the tentacles, and possibly also with a general subepidermic plexus

;

but it has nothing whatever to do with the bodily movements of the animal, though

perhaps influencing those of the tentacles and of the marginal leaflets or covering plates.

Here then we have evidence in the Crinoid of a mesodermic nervous system analogous

to that which has been discovered of late years in the Ccelenterates, Worms, and

Chastognatha. As regards the latter group, 0. Hertwdg is inchned to think that " bei

den Chsetognathen sensibles und motorisches Nervensystem von einander voUstandig

gesondert sein, ersteres ware ektodermal, letzteres gleich den Muskeln mesodermal."^

Considering that nervous tissues are well developed in the mesoderm of Ccelenterates,

one would certainly expect to find them in that of Echinoderms. The nervous system of

a Holothurian only remains in connection with the epidermis at the distal ends of the

entacles and tube-feet ; while the radial nerves of Ophiurids and Urchins are separated

from the exterior by limestone plates, though coming into connection with the epidermis

on the tube-feet. Besides the subepidermic plexus on the outside of the shell of an

Urchin which sends fibrils to the muscles of the pedicellarise, there is another which is

formed by filaments that are given ofi" from the lateral branches of the radial nerves, the

connection of which with the subepidermic plexus has not been definitely traced.

Romanes and Ewart have further discovered that the general co-ordination of the spines

for the purpose of locomotion depends on the integrity of an internal nervous plexus

which is " everywhere in intimate connection with the external, apparently through the

calcareous substance of the shell."
-

There is, therefore, no very great difficulty involved in the belief that a mesodermic

nervous system is present in the Crinoids. The morphological difficulties resulting from its

anti-ambulacral position are, however, considerable. But they are of precisely the same

character as we have to face, when describing the chambered organ and the vascular axis

of the stem as a part of the circulatory system of a Crinoid. Ludwig appears to have

' Die Chsetognatlien, Jenaische Zeitschr., Bel. xiv. p. 234.

2 Fhil. Trans., 1881, p. 874.
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found no difficulty in this, but despite the physiological improbability of the want of

innervation to the muscular bundles, he declines to accept the fibrillar envelope of the

chambered organ and its extensions into the stem and arms as belonoinor to the nervous

system of a Crinoid. One ground for his objection hes in the presence of this fibrillar

tissue in the axis of the stem and of the cirri that it bears, which contain no muscular

tissue. This point, which supports Dr. Carpenter's view rather than opposing it, will be

considered later.

The only explanation of the presence of this fibrillar tissue within the skeleton which

Ludwig can suggest is as follows :
—

" Die Faserstrange sind zu betrachten als unverkalkt

gebliebene Theile der bindegewebigen Grundlage der Kalkglieder, deren Aufgabe es ist,

aus dem Blutgefassystem, genauer aus den funf Kammern, die ernahrende Flussigkeit

aufzunehmen und den Arm- und Pinnulao[liedern zuzufiihren."
^

I have no doubt whatever that the axial cords are permeated by a nutritive fluid,

which finds its way from the chambered organ into the substance of the organic basis of

the skeleton. For I have frequently found coagulum, both in this last and in the axial

cords themselves ; but I should hesitate to speak of either of these as connective tissue.

The closely set fibrils forming the axial cords are quite distinct from the nuclear network

which interpenetrated the calcareous substance ; and both are as diflferent as possible

from the connective tissue fibres of the articular ligaments, or the general connective

tissue of the ventral perisome (see fig. 6 on p. 121). Simroth has given an excellent

description and figures of the nucleated reticulum forming the organic basis of the skeleton

in Ophiurids,^ and nearly everything which he says is equally applicable to the Crinoids.

The nature of this nuclear tissue is well shown in PL Vb. fig. 1, PI. XXIV., and PI. LVIII.

figs. 2, 3 ; and its distinctness from the close fibrillar structure of the stem-axis is very

apparent. The general aspect of the axial cords in thin sections is identical with that of the

Ophiurid nerves as represented by Simroth, who finds the nerve-fibrils to be connected

with bipolar cells. Fig. 32 on his pi. xxxiv., which shows the relation of the radial nerve

to the organic substance of the under arm-plates beneath it, would serve, with very little

alteration, for a part of a longitudinal section of the arm or pinnule of a Crinoid. The

fibrillation of the axial cords and their marked differences from the organic basis of the

skeletal plates is well seen in sections thi-ough the calyx of the Pentacrinoid. At this

early stage the cords lie on the ventral surface of the flat calyx plates outside the organic

basis of the skeleton altogether ; and it is by an endogenous thickening of the calcareous

substance of these plates that the cords come to lie in grooves which are subsequently

closed into canals ; while by a further continuance of the same process these canals are

eventually so surrounded by calcareous tissue that they come to occupy the centre of the

successive joints of the skeleton.

Ludwig's view of the nature of the axial cords is therefore not altogether in accordance

1 Crinoideen, loc. cit, p. 340. 2 Qp_ cit., pp. 433, 434.
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with what we know of theii- origin ; and it likewise fails to account for their relations in

the adult Crinoid. If this fibrillar tissue w^ere limited to the skeleton, there might be

some reason in Ludwig's suggestion. But it gives no rational explanation w^hatever for

the extension of branches from the axial cords of the skeleton through the perisome of

the disk and arms, up to the bases of the tentacles at the sides of the food-groove

(Figs. 4-7, a'. Fig. 8 ; PL LIX. figs. 2-4, G, 7 ; PI. LX. fig. 1—ad ; PI. LX. fig. 6, a'), and

even as asserted by Perrier, into the tactile hairs borne by these tentacles.^

Ludwig's theory too entirely fails to account for the elaborate arrangement of

commissures which one finds in Comatula and Pentacrinus (PL XXIV. figs. 7-9

;

PL LYIII. figs. 1-3), and in a less degree in Bathycrinus (PL Vllb. fig. 4, ceo),

Rhizocriniis (PL Villa, fig. 6, ceo, ico), and Encrinus. Why should the first

radials and the axiUaries be in such special need of nutrition that the former should

possess both interradial and intraradial commissures, and the latter no less than

four cords, to say nothing of the transverse commissure ? Five radial cords starting

directly from the envelope of the chambered organ would surely serve all the necessary

purposes of nutrition. As it is, however, each ray and indeed each arm is supplied by

fibres from two of the primary interradial trunks. This complex arrangement receives

no explanation whatever on Ludwig's theory, though it is easily understood if we sujjpose

that the axial cords are the means by which co-ordinated impulses reach the muscles

from a governing centre.

Their anatomical structure also favours this view. In a paper which was published

some years before the discovery of ambulacral nerves in the Crinoids, Baudelot quoted

IVIuUer's description of the so-called arm-nerve (i.e., the genital cord), and apparently

adopted it as correct." But he also stated that he could not help being struck wdtli the

resemblance " qui existe entre la structure du cordon fibreux central des bras et la cordon

nerveux des autres Echinodermes." He described its relations pretty accurately, and

then proceeded to say " Ainsi done chez les Comatules il existe des parties qui evidemment

n'appartiennent point au systeme nerveux, et qui dans leur disposition aussi bien que

leur structure ofirent une analogic presque complete avec les cordons nerveux des autres

Echinodermes."

I do not know what reason Baudelot may have had for his conviction that the axial

cords are evidently not of a nervous nature, unless he had implicitly accepted Miiller's

account of the nervous system of a Crinoid. A ver\' little trouble, however, would have

convinced him that this was totally incorrect. In fact Dr. Carpenter had referred to

Miiller's error fom- years before the publication of Baudelot's observations, and had also

mentioned that he had reasons for regarding the branching fibres proceeding from the

axial cords to the muscles as probably having the function of nerves. Had Baudelot

' Gomphis rendus, t. xcvii. p. 188.

'' Contribution k I'histoire du systeme nerveux des ^Echinodermes, Archives d. Zool. erpir., t. i. p. 211.
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been acquainted witli these facts, the non-nervous nature of the axial cords would

probably have been somewhat less " evident " to him.

According to Ludwig the axial cords consist of " feinen Fasern, zwischen welchen

man, namentlich an der Peripherie der ganzen Masse, Zellen oder doch zellenahnliche

Gebilde (Zellkerne ?) findet." ^ As a matter of fact I can find no difference between the

appearance of the fibrils forming the axial cords and those of the ambulacral nerve,

either in transverse or in longitudinal section ; and I wonder that Ludwig was not struck

by the resemblance of the two, especially in Antedon eschrichti, in some specimens of

which, at any rate, it is very marked. There are the same delicate fibrils with inter-

calated cells as in the ambulacral nerve, and in some individuals the two have exactly

the same appearance in cross-section ; though the axial cords more usually are some-

what of a yellowish tinge, which renders it easy to recognise their branches that extend

outwards from the skeleton into the connective tissue of the general perisome (figs. 4-8
;

PL Vllb. figs. 6, 7 ; PL LIX. figs. 2-4, 6, 7 ; PL LX. figs. 2, 6).

Dr. Carpenter's theory of the nervous nature of the axial cords of the arm was

originally suggested by his discovery that they give off branches which extend over the

ends of the muscular bundles. This is well seen in moderately thick transverse sections

of an arm which are viewed as opaque objects. But the study of thin transparent

sections shows that these branches to the muscles are only portions of a largely developed

network which originates in the axial cords and extends both to the dorsal and to the

ventral surface of the arm or pinnule. Ludwig states that he had been unable to

convince himself of the existence of the muscular branches described by Dr. Carpenter.

This may well have been the case in the small arms of Antedon rosacea ; though I have

had no difiiculty in finding them in this species, and Perrier has been equally successfuL

But I cannot comprehend his not having seen some of these lateral extensions of the

axial cords in the arms and pinnules of Antedon eschrichti. They are not limited to the

skeleton, for I have hardly a section that does not show a part of one or other of the two

main trunks which extend up into the ventral perisome at the sides of the food-groove,

as represented in PL LX. fig. 6, a'. Pinnule sections too may be obtained without

difficulty, in which the whole course of one of these branches may be seen from its origin

in the axial cord right up into the substance of one of the respiratory leaflets bordering

the food-groove. In Ludwig's figures of sections through the arms and pinnules,

however, the axial cord is represented as a mere dark circle without any trace of lateral

extensions.

The doctrine of the nen^ous nature of these cords has recently received support from

a quarter in which it was formerly denied ; for Prof. Perrier has reinvestigated the

subject and has brought forward additional evidence of much value. He has seen the

branches of the axial cords in Antedon rosacea, and states, like Baudelot and Teuscher,

' Crinoideen, he. cit., p. 316.
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that they have all the appearance of being true nerves.' He further describes how their

ultimate subdivisions " aboutissent ^ des cellules etoildes, dont chacune se prolonge en

un fibre musculaire. Des ramifications de ce genre sont egalement en rapport avec les

fibres que contiennent les tentacules ambulacraires et dont un grande nombre se tieunent

dans les papilles sensitives de ces tentacules que Ludwig considere h, tort comme creuses."

Elsewhere he states that the cords are invested with a sheath of stellate cells which are

themselves related to connective-tissue corpuscles, and through these with the ectodermal

cells of the arm. These statements of Perrier's are of considerable importance, and

should his observations be confirmed the nervous nature of the axial cords will, I thmk,

be at last admitted, even by those whose scheme of Echinoderm morphology is founded

upon the archetype of a Stellerid or Urchin. These, however, are formed almost entirely

upon the left larval antimer, whereas the chambered organ of a Crinoid and its dowTiward

extension into the stem are formed in the right peritoneal tube. (See Appendix, Note G.)

The branches from the axial cords of the rays and arms, to which allusion has so

frequently been made, vary consideralily in their development and distribution. Among all

the numerous Crinoids, stalked and free, that I have examined, RhizocHnus is the only one

in which these branches have not been visible. I see no reason to doubt their existence,

however ; l)ut the genus is one of small size, and is also permanently fixed through life, so

that one would not expect to find large muscular branches proceeding from the axial

cords, as in the Comatulse and Pentacrinidse which are free or semi-free, andean use their

arms for the purpose of swimming ; whereas, according to Agassiz," the movements of

extension and flexion of Rhizocrinus are but slow and gradual. The branches are also

poorly developed in the massive and sessile Holopus. But in Bathycrinns, in the

Pentacrinidse, and in the Comatulse they are very largely developed, occurring not only

in the arms and rays but also in the stem and cirri. They vary considerably in their

extent, some portions of the stem showing them abuudautly( PI. XXIV. fig. 2, ca),

while in others they are less numerous. Aji optical section of two decalcified stem-joints

oi Bathycrinus aldrichianus is shown in PL Vila. fig. 1. The larger branches of the

axial cord {ca') are seen with a low power where the radial spaces render the stem-

substance more transparent than elsewhere, but this gives no idea of the minuteness and

complexity of their subdivision, which only reveals itself by the use of a high power.

In Pentacrinus wyville-thomsoni again I have found these branches to be abundantly

developed in some stem-joints and almost entirely absent in others (PI. XXIV. figs. 1-5).

The fibrillar envelope surrounding the vascular axis is sometimes in immediate contact

with the reticular tissue which forms the organic basis of the skeleton (figs. 2, 3). But

in other joints it is closely surrounded by a layer of large pigment bodies like those

which occur scattered in more or less abundance through the skeletal tissue (fig. o, p).

In other sections again, fibrillar extensions of the central axis pass outwards from it

1 Comptes rendus, t. scvii. p. 188. = /« Cat. Mns. Comp. ZooL, No. viii. p. 29.
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between tlie surroiinding pigment bodies, and ramify in the small spaces left between

the petaloid areas that are occupied by the five interradial ligaments (PI. XXIV. fig. 1 ;

fig. 2, ca'). These extensions towards the surface of the stem eventually become so fine

that I liave been unable to trace them in the somewhat thick sections with which I have

been obliged to content myself, owing to the large size and the toughness of the stem

ligaments. But from what I have seen in the arms, and more especially in the pinnules,

I have veiy little doubt that the ultimate subdivisions of these branches are in connection

with a subepidermic plexus. I have found similar branches in the cirri.

The occurrence of this tissue around the axial vessels of the stem and cirri has been

employed by Ludwig as an argument against its nervous nature on account of the

absence of muscles in these organs.^ " Wozu also ein dieselben in ihrer ganzen Lange

durchziehender (motorischer) Nervenstrang?" The same argument might be employed

with respect to the extension of branches from the axial cords within the calyx up into

the anambulacral plates on the sides and ventral surface of the disk of Pentacrinus

decorus (PI. LIX. figs. 2-4, ad). But their presence is readily understood if we consider

them as sensory nerves establishing a communication between an ectodermic plexus and

the axial cords of the rays, which aU commence in the envelope of the chambered organ

situated within the calyx. It is however in the arms and pinnules that the lateral

extensions of the axial cords are most e\'ident (PI. LXI. fig. 6), and the inadequacy of

Ludwig's theory as to their nature is strikingly manifest.

The species in which I have found these branches best developed are Bathycrinus

aldrichianus, Pentacnnus decorus, Antedon eschrichti, Actinometra parvicirra, and

Actinometra nigra. But they may also be met with in less abundance in the small

arms and pinnules of Antedon rosacea, and I cannot understand how they escaped the

notice of Greefi", Teuscher, and Ludwig.

The lateral branches from the central fibrillar axis in the stem of Bathycrinus

aldrichianvs have been already mentioned (PL Vila. fig. 1, ca'). The axial cords within

the rays and arms have a similar extensive distribution. Numerous branches proceed

outwards from them into the calcareous substance of the successive joints, as is shown in

the second and axilliary radials, which form an important part of the cup enclosing the

visceral mass (PI. Vllb. figs. 6, 7, a'). The arms become free higher up, however, and

the deep median groove in the ventral surface of the skeleton receives the ambulacrum

with its armature of covering plates (PI. VII. fig. 8). The axial cord gives off a large

branch on each side which proceeds upwards, subdividing freely as it goes. The ultimate

branches, many of which have bipolar cells intercalated in their course, extend right up

to near the top of the side-walls of the arm-groove, where they become so small that I

have been unable to trace them further (PL Villa, figs. 4, 5, a'). I have occasionally

seen a cell with three processes instead of two, but these are rare. The ambulacral nerve

1 Crinoideen, loc. cit., p. 335.
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varies considerably in appearance, being relatively thick in some parts and almost totally

absent in others ; for I have never found it to extend right across the food-groove as it

does in other species (PL Villa, figs. 4, 5, n).

I have cut sections of the arms and pinnules of some half dozen species of Actinometra

and have found abundant extensions from their axial cords in all cases. The fibrillar

tissue generally has a strong yellowish tinge, which renders it easy to follow when it leaves

the substance of the skeleton and enters the ventral perisome. Actinometra parvicirra

and Actinometra nigra, both from the Philippines, have, however, given me the best results.

The axial cord enlarges slightly in the centre of each joint of the ray, arm, or pinnule.

^s-^d

Fig. 5.—Diagrammatic transverse section through the Fig. 6.—Longitudinal section of a pinnule-joint of

end of a grooved pinnule of Actinoinetra parvi- Actinometra nigra, x 50. a, axial cord ; a', the

cirra, x 70. a, axial cord; a', the branches pro- branches proceeding from it ; c.s., connective tissue

ceeding from it ; a.e., ambulacral epithelium ; 6, spaces in the perisome ; e, epidermis
; J, skeleton

radial blood-vessel ; C.C., cceliac canal : ci.c, ciliated of the pinnule-joiiit ; M, dorsal ligament; li,

cup ; c.s., connective tissue spaces in the perisome
;

interarticular ligament ; m, muscle.

j, slieleton of the pinnvile-joint ; m', transverse

muscle-threads in the water-vessel ; n, radial trunk
of the ambulacral nervous system ; s.t.c, subten-

tacular canal; w, radial water-vessel ; t.i., its

tentacular branch.

and gives off four branches, or occasionally more (PI. LXI. fig. 6 ; woodcuts, figs. 4, 5)

One pair of these runs towards the dorsal surface, and breaks up into successive sub-

divisions, the last of which are exceedingly fine and can be traced no further (woodcut,

fig. 6, a'). The other pair extends towards the ventral side of the skeleton, and passes

out of it into the perisome at the sides of the genital glands, where they are continued

upwards towards the ventral surface of the arm or pinnule, which may or may not bear

a food-groove, according to the part of the body from which it comes.

In both these species the perisome contains a number of more or less regularly

arranged spaces in the connective tissue (woodcuts, figs. 4-7, c.s.), and the branches of the

(ZOOL. CHALL. EXP. PART XXXII.— 188-t.) li 16
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axial cords run in the partitions between them. These branches have no regular mode of

subdivision, no two pinnules being exactly alike ; while they are not symmetrical on the

two sides of the same pinnule. Longitudinal sections of the pinnules of Actinometra

nigra ' show that these branches which come up to the ventral side in successive segments

of the pinnules (woodcuts, figs. 4-7, a') are united by continuous trunks that run along

the upper surface of the pinnule right and left of the ambulacrum (woodcut, fig. 7, It);

they send branches upwards between the connective tissue spaces, of the same kind as

those which appear in transverse section.^ The nervous structures in these pinnules thus

consist of four principal trunks, three of which are intimately united by a network of

fibrils, while the fourth and smallest is the ambulacral nerve. This is not yet known
to be connected with any other structures, though I strongly suspect that it is continuous

at the sides of the food-groove with a subepidermic plexus covering the pinnule and

communicating with the numerous branches of the axial cord.

Fig. 7.—Longitu(Uu.il section of the ventral peiisome in a pinnule of Actinometra nigra, x 60.

a', Ventral ascending branch of the axial cord ; c.s, connective tissue spaces in the perisome ; ct, connective tissue above

the ovary ; e, epidermis ; Ic, lateral canal, connecting the cceliac and subtentacular canals ; It, one of the lateral trunks

which connects the ascending branches of the axial cord (ft').

y.B.—This section passes to one side of the medio-ventral line of the pinnule.

Sections of the arms and pinnules of Antedon eschrichti give much the same results.

The ventral branches of the axial cords in the arms extend upwards along the sides of

the coeliac canal, curve round the outer walls of the subtentacular canal, and pass on into

the elevated folds of tissue bounding the food-groove, as shown in PL LX. fig. 6, a'.

They do not seem to subdivide so freely as in the tropical Actinometra, but in lioth

genera I have traced their smaller fibrils into the little respiratory leaflets along the edges

of the food-groove. Perrier has seen the same thing in Antedon rosacea, and believes

1 Theel's figure of a dorsal nerve-trunk in Elpidia glacialis witli its muscular branches {K. Svensk. Vetensk. Akad^

Handl., Bd. 14, No. 8, Taf. iv. fig. IS) lias a wonderful resemblance to a longitudinal section of the axial cord in a

Crinoid pinnule.

2 Woodcuts figs. 4 and 5 are composite figures made up from the study of some half dozen sections through the

central part of a pinnule-joint and the overlying ventral perisome. Woodcuts figs. 6 and 7, however, are diagrammatic

representations of single sections, and I have plenty more of the same character.
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himself to have traced the connection of the ultimate fibrils with those in the tactile

papilte of the tentacles.'

The discovery of this extensive perisomic or parambulacral network, derived from the
axial cords of the arms and pinnules in various species both of Antedon and of
Actinornetra, led me to suspect its presence at the sides of the disk-ambulacra ; and
after several unsuccessful attempts, chiefly due to the poor state of preservation of my
material, I met with one disk of Antedon eschrichti which yielded the most satisfactory
results. Portions of two sections are shown in PI. LIX. figs. 6 and 7 ; while woodcut
fig. 8 embodies the result of my studies of a few successive sections in the same series.

Fig. 8.-Diagrammatic transverse section of an ambulacrum on the disk oi Antedon eschrichti, x 70
a.d., The parambulacral nervous network-this is filled in from a few successive sections, only isolated portions of it bein.

visible m any single one; ae ambulacral epithelium; b, radial blood-vessel; g.v., genital vessel; „, radial orambuacral nerve the subepithelial band; sa.. saccuU ; Stc, subtentacular canal; t.b., tentacular branch of w. the
radial water-vessel ; w.p., water-pores.

'

There appears to be a good deal of individual variation ; l>ut in this one species, at
any rate, the elevated folds of perisome which bear the ambulacra contain a wonderfully
rich network of delicate fibrds of precisely the same nature as those which occur at the
sides of the brachial ambulacra (PI. LX. fig. 6, a'); and the brachial plexus maybe
followed down on to the disk at the sides of the food-groove (woodcut, fig. 8, a.d.).
I have very little doubt that it is joined by branches which proceed upwards into the
ventral perisome from the axial cords within the radials and lower brachials. But as

' Gomptes rendus, t. xcvii. p. 188.
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I have never cut tlirougli an entire Antedon eschrichti, I am unable to say positively that

this is the case, though it certainly is so in Pentacrinus decorus.

This parani bulacral network extends right clown along the food-grooves, being especially

developed among the sacculi (woodcut, fig. 8, a.d.) ; and it forms an annular plexus in

the connective tissue of the lip, l)ut of course farther from the mouth than the ambulacral

nerve-ring. Bipolar, and occasionally multipolar cells are in connection with its finer

fibrils, which can be followed very close to the superficial epithelium. Hardly any traces

of it are visil)le in the interpalmar areas between the ambulacra, which are chiefly occupied

by the water-pores, though it is extensive enough at their sides. I have seen it more or

less satisfactorily in various other disks of Antedon eschrichti, in Antedon rosacea, and

in Antedon carinata (PL LX. fig. 2, ad) ; and I have no doubt that the action of suitable

reagents upon fresh material would give very valuable results. [See Appendix, Note G.]

In the mean time I would draw attention to Hamann's figures of the " zu der

Epidermis nbgolicnden Nervenziige, die man kurzweg als Hautnorven bczeiclinen kann
"

in SynajUa digitata} If the structures described above as forming the paramliulacral net-

work in Antedon eschrichti, Actinometra 2>ci^'vicirra, Actinometra nigra, &c. (PI. LIX.

figs. G, 7 ; woodcuts, figs. 4, 5, 7, 8), be not " Hautnerven," I am entirely at a loss to

understand their nature.

Tlie same fibrillar threads appear in the disk of Pentacrinns, not only in the plates of

its ventral surface, but also in those which are developed on the pcrisomc uniting the rays

and support it below. Many of these plates, including those on the anal tube, are

produced into small blunt spines, and these " Hautnerven " extend from plate to plate,

sending delicate fil)rils up into the spines, as shown in PI. LIX. figs. 2-4, ad. I have

many sections which contain these fibres in the plates on the sides of the disk, and they

are evidently derived from the axial cords of the rays and arms, which give off numerous

branches. Even in the basal plates I have found branches extending from the axial cords

towards tlie surface of the skeleton, as shown in the diagrammatic figure on PI. LXII.

;

and a curious modification of this occurs in one of the basals of the Pentacrinus ivyville-

thomsoni which, was devoted to anatomical research. The two secondary cords (PI. XXIV.

fig. 7, ar) which result from the bifurcation of the primary interradial trunk (ai) and

eventually enter diff"erent radials, are united to one another within the substance of the

basal plate by a commissure. This reminds one at once of the horizontal commissure

discovered by Ludwig in the radial axillnr)', by which the individual cords of the two

arms borne by the axillary are united immediately beyond their poiiit of separation.

The arrangement of the axial cords within the radials of Pentacrinus or Metacrimis

is exactly the same as in the Comatulae. The primary trunks which proceed from the

angles of the chambered organ (PI. XXIV. fig. 7; PI. LVIII, figs. 1, 3, ai) fork within

the basals ; and the two secondary cords which result from the bifurcation pass out from

1 Op. cit., Zeitschr.f. uiss. Zool, Bd. x.xxix. p. 322, Taf. xxii. figs. 43-45.
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the basals and enter two adjacent radials (PL XXIV. figs. 7-9; PI. LVIII. figs. 2, 3, or)

There arc thus two apertures on the upper surface of each basal, and two on the under

surface of each radial (PI. XII. figs. 11, 14, 22, 25; PI. XVIII. figs. 5, 7; PI. XX. figs. 2,

3, 6, 9 ; PI. XXI. figs. 6a, 65, Gc, 7a, 7h ; PI. XXX. fig. 5, 7, 8 ; PI. L. fig. 5). As the

two cords which enter each radial converge towards its distal surface, each of them is

joined laterally by a commissure to its fellow in the next radial which springs from the

same primary trunk as itself. These lateral branches form the interradial, and by far the

larger portions of a circular commissure which unites the five pairs of cords within the

radials (PI. XXIV. fig. 9, c.co ; PI. LXII.) ; while the two converging cords witliin the

substance of each radial are also united by a very short intraradial commissure (PI. XXIV.

fig. 9, i.co).

This circular commissure occupies a canal which traverses the radials from side to

side, lying in the Comatulao very close to their distal face, but more centrally in the

Pcntaci'inidae. Its openings on the lateral faces of the radials are shown in PL XII.

figs. 11, 22 ; PL XX. fig. 6 ; PL XXI. figs. 6a, 6h, 6c ; PL XXX. figs. 5, 8.

The two secondary cords within the basals and the proximal parts of the radials of

Pentacrinus are more widely separated than the corresponding structures in the Comatulfe

(PI. XXIV. figs. 7, 9 ; PI. LVIII. figs. 1, 2

—

ar), so that the intraradial commissure is

better defined (PL XXIV. fig. 9, i.co). Beyond the circular commissure the two axial

cords of each ray lie very close together, though still distinct, just as in the Comatulae.

Each of them forks in the axillary, and there is the same horizontal commissure as was

described by Ludwig in Antedon rosacea.

So far as the fossil Neocrinoids are concerned, Encrinus and Apiocrinus seem to have

had an arrangement of the axial cords essentially similar to that prevailing in the

Pentacrinidaj and Comatulaj. In the former genus, as already pointed out by Ludwig,

no canals have been described either for the intraradial commissure or for the horizontal

commissure in the axillary ; while the secondary radial cords remain distinct as far as

the axillaries, even to the extent of being lodged within separate canals in the second as

well as in the first radiails. The double canals are continued through the whole length

of the arms ; and in some species these consist, after the base, of a double row of joints,

each of which is pierced at its inner end by the two canals. The absence of any canals

which could lodge an intraradial commissure is very singular ; and it is also remarkable

that the interradial portions of the circular canal should lie so completely in the distal

parts of the radials. They only join the axial canals where these open on the distal

faces of the radials ; so that if an intraradial commissure were present at all, it must have

lain just at the edge of the first radials, almost among the ligamentous bundles uniting

them to the following joints.

The axial cords of Encrinus were lodged in canals throughout their whole length,

those within the basals occupying grooves within the substance of the plates which were
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covered and converted into canals by what BejTich calls "an inner epiphysis."^ This was

of no great thickness, and was therefore easily worn so as to expose the grooves beneath.

In A])ioGrinus, however, the basals were simply grooved for the reception of the

bifurcating interradial cords, though the radials were pierced by canals as usual.

Beyrich ^ speaks of the arrangement of the canals being the same as in Encrinus, and

de Loriol refers to the circular canal ;
^ but I have been unable to make out definitely

whether any intraradial commissure were present or not. At any rate the tj-pe resembles

PentOAiHnus rather than Encrinus ; for there is only one opening on the distal face of each

radial instead of two, and in correspondence with this only a single series of arm-joints.

We know nothing respecting the distribution of the canals in the calyx of the

Bourgueticrinidae, but the course of the axial cords in Rhizocrinvs is somewhat different

from that of Ainocrinus, and this is still more the case in Bathycrinus. The basals of

Rhizocrinus are of considerable height (PI. IX. figs. 1-3 ; PI. X. figs. 2, 3 ; PI. LIU.

figs. 7, 8), and the primary interradial cords of greater length than usual; but they are

completely enclosed in canals, and bifurcate immediately beneath the synosteal surface

on which the first radials rest. The two limbs of each fork are very widely separated,

turn off horizontally, and form themselves the interradial portion of the circular

commissure, instead of proceeding directly onwards through the radials, as their fellows

do in Pentacrinus (PI. XXIV. figs. 8, 9, ar). The two secondary cords which enter the

small radial are immediately united just within its inner face by an intraradial

commissure (PI. Villa, fig. 6, c.co), and then proceed onwards towards the single opening

on the distal face (PL X. figs. 1-4). The above description diifers in some points from

that given by Ludwig, who took an entirely erroneous view with respect to the basals of

this type, and failed to find the intraradial commissure. The subject is discussed more

fully in the anatomical account of the genus (pp. 249-252).

A stUl simpler condition than that of Rhizocnmis is presented by the aberrant genus

Bathycrinus. The basals are low and the radials high (PI. VII. fig. 2 ; PI. Villa, fig. 1),

exactly the reverse of what we meet with in Rhizocrinus (PI. IX. figs. 1-3
; PL X.

figs. 2, 3 ; PL LIII. figs. 7, 8). The primary interradial cords (PL Vllb. figs. 2, 3, ai)

do not fork within the basals, as is usually the case ; but they pass upwards between every

two radials, the sides of which are grooved for their reception (PL VII. fig. 6a). At the

level of about half the height of the radials the primary cords divide, and the two branches

of each pass off right and left into the radials, where they form an interradial commissure,

from the angles of which the axial cords of the rays proceed (PL Vllb. fig. 4, c.co) ; while

the two converging portions of the interradial commissure within each radial are united by

an intraradial commissure just as in Rhizocrinus. The principal difference between the two

types is that the primary interradial cords of Rhizocrinus fork within the basals, whde

those of Bathycrinus pass upwards between the radials, and then turn off laterally within

1 Op. cit, p. 22. 2 Qp cii_^ p_ 21. 3 Paleont. Frang., oj). cit., p. 313.
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these plates. It appears to me very probable that this may also be the case in

Thaumatocrinus (PI. LVI. figs. 1-4), i.e., that the primary cords pass right up out of the

basals into the interradials and then divide, so that the secondary cords would enter the

sides of the radials as in Bathycrinus, instead oftheir inner ends as in Pentacrimis and

Comatula.

G. The Sacculi, ai^d the Colouring Matters.

The nature and functions of the sacculi are as much a puzzle to me now as they were

when I first began to study the Crinoids in 1875; and I have nothing to add to the

observations of Wyville Thomson and Perrier on their appearance in the living animal,

both larval and adult. Colourless during life, they become strongly tinged after death

by the pigment set free from the perisome. Their occurrence in the wall of the digestive

tube in Antedon rosacea was first noticed by Ludwig; and I have found them in the

very lowest part of the cup of a larva with five cirrus-stumps, just above the chambered

organ. But this is the only species known to me which presents this peculiarity. In all

other t}'p)es in which the sacculi occur at all, they are invariably limited to the immediate

neighbourhood of the water-vessels. Abundant in most species of Antedon, they

never occur in Actinometra, and I suspect that Ludwig's reference to their presence in

this genus is due to an oversight.' At any rate I have not been able to find them in

Actinometra trachygaster and Actinometra hennetti, the two species which had come

under his observation.

They vary considerably in distribution among the other genera of Comatulse. I

have not succeeded in finding them in Thaumatocrinus, while they are but scantily

developed in the three species of Atelecrinus. Eudiocrinus indivisus and Eudiocrinus

atlanticus have them in abundance ; while there are few in Eudiocrinus varians and none

in Eudiocrinus semperi or in Eudiocrinus japonicus, so far as I have been able to make

out. Promachocrinus kerguelensis has them on the pinnules, but they are very scanty or

absent elsewhere. Neither have I found any in a small series of sections through a

Holopus-s,rm. ; and though structures of the same nature occur spaiingly in Pentacrinns,

Rhizocrinus, and Bathycrinus, they are but poorly developed and irregnilar in their

occurrence.

In some species of Actinometra individual vesicular bodies resembling the elements of

the sacculi are scattered through the ventral perisome ; but there is no regular arrange-

ment of them into groups at the sides of the ambulacra as in the endocyclic Crinoids.

When the ambulacra are plated, as in many tropical Antedons, the sacculi are lodged

between the successive side plates, the front edges of which are notched for their reception

(PI. LIV. figs. 4, 6-9) ; while they occupy little pits in the large plates which cover the

1 Zeitschr. f. loiss. Zool., BJ. xxix., 1877, p. 59.
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ovarian pinnules oi Antedon acoela and Antedon angusticalyx, and also in the substance

of the small later joints of the pinnviles (PI. LIV. fig. 5).

As regards the colouring matters in the body of a Crinoid I can do no more than

refer to the important observations of Prof. Moseley, who employed the spectroscope on

five different occasions when Pentacrinidte were dredged in the Pacific (Stations 170, 192,

209, 210, 214). Metacrimts was obtained at all these Stations, but Pentacrinus only at

the first and the last two.^

The colouring matter yielded by most of the specimens is distinguished by very well-

defined alxsorption spectra, and has been termed " Pentacrinin " by Prof. Moseley. It is

freely soluble when fresh in slightly acidified alcohol, and gives a solution which is of an

intense pink when viewed by transmitted light, but accjuires a bluish-green colour when
rendered alkaline by the addition of ammonia. " The fresh colouring matter is soluble in

fresh water, but remains partly suspended,^ forming a slightly opaque dark purple solution,

which gives, when quite fresh, a mixed acid and alkaline spectrum." All the species,

both of Metacrimis and Pentacrimis, which were obtained cff the Kermadec Islands at

Station 170 were of a uniform dusky colour when fi*esh, being evidently coloured by acid

pentacrinin. The three species of Metacrimts dredged ofi" the Ki Islands at Station 192

"when in the fresh condition, had their- stems almost white, and their crowns of a light

yellow or light reddish-orange, showing no purple coloration at all ; and those dredged

off the Panglao and Signijor Islands (Station 210) were almost colourless; nevertheless,

when placed in alcohol, they yielded a solution which was deeply coloured of a sap green,

and which when acidified, became of the usual deep pink of pentacrinin. The pentacrinin

was thus in these ex<imj)les, though present in great adundance, entirely masked"

I am unfortunately unable to name wth certainty the species which was obtained at

Station 210, no specimens having reached me with the label of this Station; though,

according to Sir Wyville Thomson's MS. notes, four specimens of two species of Penta-

crinidse were obtained here. One of these was perhaps the single individual of Metacrimis

murrayi, which reached me without any record of its locality ; while the other must

have been either Pentacrinus alternicirrus or Pentacrinus naresianus. Three out of

seven individuals of the latter species came into my hands without any indication of

locality ; while a few of the fourteen specimens of Pentacrinus alternicirrus were in the

same condition. Both were obtained at Station 214, off the Meangis Islands.

There is, however, one difficulty respecting the occurrence of Pentacrinus naresianus

at Station 210. For while the individuals of this species dredged at Stations 170 and

214 had the dusky purple colour of acid pentacrinin, those supposed to have been

obtained at Station 210 were almost colourless, and the pentacrinin, though present,

entirely masked.

1 On the Colouring Matters of various Animals, and especially of Deep-sea Forms dredged by H.M.S. Challenger,

QvMrt. Journ. Micr. Sci. 1S77, vol. xvii., N. S., pp. 5-10.
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The other species, besides these two which were dredged at Station 214, off the

Meangis Islands, were Metacrimis costatus, Metacrinus moseleyi, Metacrinus varians, and

Metacrinus wyvilUi. As this last also occurred at Station 170, off the Kermadec Islands,

it was probably one of those which were coloured dark purple, owing to the presence of

acid pentacrinin. Prof. Moseley can give me no clue, however, as to the anomalous

form which did not contain pentacrinin at all, but an entirely different colouring matter.

It was of a light pink colour when fresh, and when treated with absolute alcohol gave a

simple, light red solution, wdth an absorption spectrum totally different from that of

pentacrinin.

All Prof. Moseley's spectroscopic observations of the colouring matter of the

Pentacrinidse were made in the Pacific ; and it therefore became a matter of some import-

ance to determine the presence of pentacrinin in the Atlantic species of the family. For

this purpose Prof. Moseley has been kind enough to examine some of the deeply

coloured spirit in which there had been preserved several individuals of Pentacrimis

ivyville-thomsoni that were dredged by the " Porcupine " in 1870, off the coast of Portugal.

As might have been expected, the colouring matter proved to be pentacrinin.

A still more interesting point is the presence of this substance in Holopus. Immersion

of a dry, greenish-black Holopus in alcohol for a few minutes yielded a dichroic solution,

which gave the characteristic spectrum of pentacrinin. It is more than probable, there-

fore, that this substance will be found to be present in the four Caribbean species of

Pentacrinus.

Most species of the Comatulse " appear to be either usually of a rose colour or of an

orange or yellow, running into a yellow-brown or of a dark purple. Both the rose or red

and yellow colouring matters are freely soluble in alcohol, and usually in fresh water."

The colouring matter of most of them, like that of Antedon rosacea, has no characteristic

absorption spectrum showing bands. But a dark purple species common at Cape York

yielded a special colouring matter which Prof. Moseley has termed "Antedonin." It is

freely soluble in weak spirit, and gives an intense fuchsin-coloured solution, which yields

spectrum consisting of three well defined absorption bands.

I have little doubt that the species in question was Actinometra strota. Two species

of Antedon which were also obtained at Cape York, but in less abundance, seem to have

been tinged with the same colouring matter, as their appearance is the same as that of

the Actinometra. The most remarkable point about this colouring matter is its presence

in a slightly modified form in various deep-sea Holothuriaus.

(zooL. cniLL. EXP.—PART XXXII.— 1881.) li 17
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VIL—ON THE HABITS OF EECENT CRINOIDS, AND THEIE PAEASITES.

The Crinoids, like the other Echinoderins, are very gregarious in their habits. This

is especially the case with those living near the shore and in depths down to 150 fathoms.

In Torbay, at Eoscoff, in the Bay of Naples, and in many other places large quantities

of Antedon rosacea may be readily obtained. Ten thousand individuals of Aritedon den-

tata are estimated by the officials of the U. S. Fish Commission to have come up at one

haul of the dredge off the coast of New England.^ The " Porcupine " dredged Antedon

phalangium in abundance in 50 to 100 fathoms off the Tunis coast ; while the Challenger

found Antedon carinata to be very plentiful off the coast of Bahia. Numerous examples

of Actinometra jukesi and Actinometra strota were dredged at Cape York, and large

quantities of both genera have been obtained in the shallow water round the Philippines

by Semper, Meyer, and the Challenger. Station 192, near the Ki Islands (140 fathoms),

and Station 214, off the Meangis Islands (500 fathoms), proved to be very prolific, both

in Comatulfe (12 and 7 species), and in Pentacriuidte (4 and 6 species); and the

dredgings of the " Blake " in the Caribbean Sea have yielded similar results, A few

stations where Comatulse were especially abundant (off St. Vincent, Grenada, and

Montserrat, all 120 fathoms or less) also yielded several examples of Pentacrmus. Prof.

Agassiz records that on one occasion no less than one hundred and twenty-four indivi-

duals were obtained at a single haul of the bar and tangles.*

On the other hand, the score of individuals of Pcntacrinns tvyville-tJiomsoni dredged

by the "Porcupine" in 1870 in 1095 fathoms off the coast of Portugal were unaccom-

panied by Comatulse. This is perhaps due to the depth being one at which these Crinoids

are comparatively rare ; as two species were obtained, together with fragments of

Pentacrinus, within a few miles of this Station, where the depth was 350 fathoms less.

Some thirty individuals were taken by the "Talisman" in 1883 at a depth of 1480 metres

(800 fathoms); but no information respecting the presence or absence of Comatulaj at the

same Station has yet been published.

The Bourgueticrinidas, like the Pentacrinidse, are generally found living in large

numbers together. Both Sars and Verrill have obtained numbers of specimens of

Rhizocrinus at a single haul of the dredge, and Agassiz records that " on one occasion

off Sand Key the dredge must have passed through a forest of them, judging at least

from the number of stems and heads of all sizes which it contained."^ Bathycrinus

aldrichianus was found by the Challenger to be equally plentiful in the Southern Ocean

(Stations 146, 147); and it is evident that in certain localities Crinoids of the more

common genera may be obtained in almost any quantity.

1 Amer. Journ. Sci. and Arts, vol. xxiii. p. 136. - Bull. Mus. Comp. Zool., 1879, vol. v. p. 296.

3 Bull. Mus. Comp. Zoiil., 1879, No. 1, vol. v. p. 5.
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It is well known that the Crinoids were equally plentiful in several former geological

periods. In the British area, for example, there are the remains of enormous forests of

Crinoids both in the Silurian and in the Carboniferous rocks. The marvellous abundance

of these animals in beds of the same age in America is well known. In a less degree also

the Silurian of Sweden, the Devonian of the Eifel, and the Carboniferous of Belgium and

Russia were characterised by a great development of Crinoid life. This terminated,

however, with the close of the Pateozoic epoch ; but in the Lower and Middle Lias, both

of Britain and of the Continent, there were enormous colonies of Extracrinus, slabs of

which are so well known in every museum. Although the limestone bands which are

made up of the fragments of the skeleton of Extracrinus are by no means so thick as

the Palseozoic Criuoidal limestones, yet the association in one place of a large number of

individuals must have been, for the time at least, as considerable as in the case of the

Palteocrinoids. A similar band, 10 to 20 centunetres thick, which was discovered by

M. Eudes-Deslongschamps in the Great Oolite at Soliers near Caen,' is evidence of a

singulariy localised colony or " Station " of Pentacrinus {Extracrinus f ). For no trace

of a similar bed occurs in other sections of the Great Oolite in the neighbom'hood.

Another horizon at the top of the Great Oolite, near Sennecey-le-Grand," is marked by

the very great abundance of a species of Extracrinus which is also found in corresponding

beds elsewhere (in the Department de la Meurthe) ; while the Forest Marble of Gloucester-

shire contains numerous remains of PentacrinidiB which occur associated in slabs much

like those formed by Extracrinus hriareus, though somewhat less extensive.

Although the Middle and Upper Jurassic rocks of this country and of the Continent

have been found to contain numerous species oi Pentacrinus, I do not know that any large

forests of them have been met with, like those of the Lias, Great Oolite, and the Recent

Seas ; and the same may be said of the Cretaceous and Tertiary beds.

As regards the Apiocrinida), the abundance of Apiocrinus parhinsoni in the Bradford

clay is weU known, and the Sequanien (Coral Rag) of the Continent is exceedingly rich

in Millericrinus. The same is true of Eugeniacrinus in the White Jura of Wurtemberg,

though it does not occur in Britain at aU. The coral bed at Nattheim is famous for the

number of Comatula-xemums which it contains ; though as these, like the Eugeniacrinus-

calyces, are aU more or less rolled and fragmentary, we do not meet with evidence of

crreaarious habits such as is represented by either of the colonies of Ljnne Regis, SoUers,

or Sennecey-le-Grand.

The different modes of attachment which occur among the Crinoids have been

discussed in Chapter 11. In all the Bourgueticrinidse there is a spreading root of variable

extent, the subdivisions of which attach themselves by calcareous expansions to foreign

bodies. Holojnis is a permanently fixed type like the Bourgueticrinidaj. But the

1 Etudes sur les etages jurassiques inferieurs de la Normandie, Paris, 1804, pp. 229, 235.

2 See de Loriol, Notice sur le Pentacrinus de Sennecey-le-Grand, op. fit., pp. U-13.
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Pentacrinidse are very variable in this respect, some individuals remaining fixed through-

out life ; while others become detached and are henceforward more or less free like

the Comatulse, attaching themselves temporarily by means of their cirri.

Some Comatulae, however, lose their cirri altogether when mature. The older ones

gradually drop off without being replaced, while their sockets become obliterated until

nothing remains of the centro-dorsal but a flat plate in the centre of the radial pentagon.

This is the case with the Actinometra jukesi, Actinometra steUata, and the fossil Actino-

metra loveni. Some specimens of Millericrinus pratti reach the same condition, nothing

remaining of the stem except a pentagonal disk in the centre of the ring of basals ; so that

in the absence of other stalked individuals these would naturally be taken for Comatulse.

This suggests the question whether the single plate in the centre of the calyx of Mar-

supites and Uintacrinus may not be really a separated top stem-joint, and not a dorso-

central plate homologous with that of Urchins and Stellerids as is generally supposed.

It is noteworthy that certain Blastoids, e.g., Eleutherocrinus and Astrocrinus, were

stemless and free just like Marsupites ; and it is possible that the same was the case with

some species of the Paleozoic genus Agassizocrinus, at any rate in later life. Other

Palseocrinoids, together with some Blastoids and Cystids, must have been almost equally

free, as has been already explained in Chapter II. For though a stem was present, it

was often quite short, and almost or entirely devoid of cirri ; though it was sometimes

fixed by coiling itself round other Crinoid stems and similar bodies.

The apparently perfect freedom of many of these forms is very singular and difiicult to

understand. Much would be learnt about them, no doubt, if the habits of a living Acti-

nometra juhesi were carefully watched, for it is w^ell established that Comatulaj which

have once anchored themselves by their cirri remain so fixed for a considerable time,

except perhaps at the ^Deriod of sexual activity ; and it would therefore be very interesting

to know how far the cirrus-less forms remain permanently fixed. Seaweeds, Polyzoan

colonies. Corals, and Zoophytes often serve as the anchorage of Comatulse. Thus in one

case that I have met with the cirri were coiled round a Dendropliyllia, and in another

round the stem and branches of a Gorgonia ; while it sometimes happens that the cirri

of a Comatula are fastened round the still larger cirri of a Metacrinus or Pentacrmus.

The food of a Crinoid is considerably varied in its nature according to the character

of the sea-bottom on which it lives. The horny casings of Entomostraca and the larvas

of larger Crustacea are frequently to be found in the digestive tube, together with the

frustules of Diatoms, spores of Algae, &c. Dr. Carpenter mentions Peridinium {Ceratmm)

tripos, Ehr., as a principal article of food of the Arran Comatulae ; while in sections of

Bathycrinus, Rhizocrinus, and Pentacrinus from deeper water the siliceous shells of

Eadiolarians may be found in considerable abundance and variety. Foraminifera too

form a staple article of food for these deep-sea species. I have frequently found Glohi-

gerina, Bilocidina, and other types beneath the covering plates of the food-grooves on
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the arms and pinnules ; while remains of their sarcodc bodies occur in the intestine of

decalcified specimens. Dr. Carpenter mentions the frequent presence in the alimentary

canal of Antedon rosacea, so as almost completely to choke it, of the body of a suctorial

Crustacean with its egg masses ;
^ and he supposes " that it has been introduced either as

an egg or as a larva, and has undergone its development parasitically where it is found."

The same explanation will probably account for the frequent presence in the anal tube

of Actinometra juhesi and Actinometra strota from Cape York of an Isopod [Anilocra)

nearly half an inch long (PI. LV. fig. 1 ). Either as an egg or as a larva it must have

been caught in one of the ciliary currents converging on the mouth from the arms, and

have then been carried through the digestive tube to the rectum where it remained.

A third form of parasitic Crustacean is one which I have found encysted in tlie

ventral perisome of the disk of some individuals of Antedon eschrichti which have been cut

into sections ; but though one or two accomplished zoologists have examined its remains,

I have not been able to learn anything about its afiinities. Another equally obscure

internal parasite of the Crinoids is a peculiar worm which I first found in some sections of

Actinometra jyarvicirra that were cut some years ago in the zoological laboratory of the

University of Wiirzburg. The Crinoid had been obtained in the Philippine Islands by

Prof. Semper, and I found three individuals acting as hosts to this singular and entirely

unknown creature, which I have not met with in any other Comatulse from the same

locality. It was first noticed in the cceliac canal of the arms, which it often almost filled,

so as to suggest the idea that the egg had been introduced into the body-cavity and had

developed in that part of it (PI. LXI. fig. 4). I subsequently found it in the visceral

mass of two other individuals, occupying some of the meshes in the connective tissue net-

work which fills up the intervisceral coelom.

The external parasites of the Crinoids are many and various ; though it may be

doubted whether some of them can be considered as real parasites, i.e., as living at the

expense of the Crinoid. Besides the well known Myzostoma, of which I will speak later,

Willemoes Suhm found four other parasites on one Comatula, all resembling it in

coloration.^ " Es waren das erstens auf dem Kelch sitzende Ophiuriden, zweitens kleinere

Aphroditaceen, drittens Amphipoden,^ die sich in den Magensack eingebohrt batten und

viertens ein Alpheus. Mit Myzostomum also fiinf Parasiten auf dieser allerdings sehr

grossen Comatula!"

I have frequently found Ophiurids entangled in the cirri, which is probably merely

accidental ; while smaU bivalves, Sertularian Hydroids, Polyzoa, tube-worms, and

corals (PI. LI. fig. 8) may be attached to the stem, not for any special nutritive

purposes, but simply because the larvae had to find a resting-place somewhere.* Various

1 Phil. Trans., 1866, p. 701. 2 Zeitschr. f. wiss. ZooL, 1876, Bd. xxvi. p. Ixxix.

3 Probably the same as the Isopod above mentioned.

* The same may be said of an Opliiurid larva, which was attached by its long Pluteus-arms to the solitary stem-

fragment of Metacriims tuberosus from near the Ki Islands (Station 192).
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species of Cirripedes are also frequently met «ith on the stems and cirri of Pentacrinidce

(PL LII. fig. 1), botli in the Caribbean Sea and in the East Indian Ai'chipelago. Thus,

for example, Scalpellum album is common on the stem and ciiTi of many individuals of

Metacrinus dredged off the Ki Islands (Station 192), while Scalpellum balanoides and also

Verruca nitida occur attached both to Pentacrinus and Metacrinus from off the Meaugis

Islands (Station 214). At this last Station too, an obscure larval Cirrij)ede occurred,

attached to a cirrus of Metacrinus varians by its ventral margin, while a minute Avicida

was anchored by a few threads to a cirrus of Metacrinus interruptus at Station 209.

Von. Graff has described a small Stylina} as parasitic on the anal tube or pinnules oiAntedon

rosacea, and found that holes remained after its removal. Rhizocrinus lofotensis in like

manner is often infested with two or three small shells of Stylifer which bore comparatively

large holes in its calyx. Pourtales has described some examples of this species from the

Florida Channel as having the calyx and part of the stem coated with an encrusting

Hycboid polj^e ; and some small Rhizopods are shown in PI. X. fig. 16 on the stem

of a Rhizocrinus rawsoni from the Azores. I have found Truncatidina lohatida to

be abundant on the cirri of the Comatul^e w-hich were obtained by the Dutch Arctic

Expedition in the Barents and Kara Seas ; while Polytrema miniaceum is common on

the stem and cirri of the Pentacrinidse dredged at Stations 192 and 214.

The especial parasite of the Crinoids, however, is the well-knowTi Myzostoma,^ which

is sometimes found infesting them in great numbers. I have myself removed five

moderately large specimens from a single indi^ddual of a Bathycrinus aldrichianus, and

as this had been some years'^in spirit before reaching me, it may very likely have served

as host to a still larger number; w'hile in the Mediterranean twenty-seven have been found

infesting a single Comatula. They attach themselves to the stem, disk, and arms, either

on the ventral or on the dorsal surface. I am not aware that they have ever been met

with on Rhizocrinus, which often supports boring Styhfers ; Ijut v. Willemoes Suhm found

them on Hyocrinus, Bathycrinus, and on many Comatula^, though he did not meet with

free Myzostomida on any of the Challenger Pentacrinidse. A closer examination,

however, has revealed their presence in a few cases. The abnormal specimen of

Metacrinus angidatus from the Ki Islands (Station 192), which is figured on PI. XXXIX.
fig. 2, had a Myzostoma unjville-thomsoni resting between the ordinary anal tube and

the second smaller one at its side. In many cases the Myzostoma, instead of Living in the

free state, causes an abnormal growth of the calcareous tissue of the arm so as to form a cyst

in which two or three individuals live. At two Stations in the South, and at another in

the North Pacific, these cysts proved to be tolerably common. At the first named

(Nos. 170 and 174) the cysts w'ere limited to the arms of four Comatulse ; while at

1 Stylina comatulicola, ein neuer Sclimarotzer der Comatula mediterranea, Zeitschr.f. ^c^ss. Zool., 1875, Bd. xxv.,

Suppl., pp. 124-126.

* For a full account of the Myzostomida, see Prof. L. v. Graff, Das Genus Myzostomum, and Zool. Chall. Exp.,

part xxvii., 1884.
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the last (Station 214, off Meangis Islands) the princi2)al hosts were Antedon

angusticahjx and Pentacrinns altermcirrus, several examples of the latter being

remarkable for the number of cysts on their arms. Two views of one of these cysts are

shown in PL XXVII. figs. 7, 8, in the former of which the edge of the parasite is just

visible at the opening of the C3'st. This cyst is principally formed round a pinnule; but

the same kind of thing is sometimes formed in the substance of the arm itself, as shown

in PI. XXYII. figs. 9 and 10, the inhabitant of the cyst being again visible through its

mouth.

Thus then, while Stylifer bores holes into the calyx of a Crinoid, JMyzostonui produces

swellings and inequalities of growth in the arms and pinnules. I have never met with

any distortion of the stem which could be considered as resulting from the action of a

parasite ; and it is therefore curious that abnormal growths in the stems of fossil Crinoids

should have attracted the attention of so many pateontologists. Eofe showed, for

example, that one cause of the enlargement of the stems of Carboniferous Crinoids arose

from the attachment of a parasitic coral, and the subsequent endeavours of the Crinoid to

envelop the latter by an undue secretion of calcareous matter.^ It has also been shown

by Mr. R. Etheridge, juu.,- that a similar distortion may be due to the adherence of

certain Brachiopods {Productus or Chonetes). These grew less quickly than their hosts,

and so became gradually surrounded and enveloped by the calcareous deposit secreted by

the latter. The attachment of Polyzoa, again, may also give rise to enlargement, and

even the accidental approximation of the stems of two individuals seems to have

sometimes resulted in a complete but irregular union between them. Enlargement and

irregularities of growth seem to be very common in the stems of Apiocnmis and

3Iillericrinus, though not in Pentacrinus ; and they have often been regarded as the

results of injurj^ But their exact nature and causes have not yet been determined as

satisfactorily as in the case of the Palaeocrinoids.

There are, however, some stems of M'dlericrinus figured by de Loriol,' from the

Jurassic rocks of France and Switzerland, which present characters of the same nature as

those shown on the arms and pinnules o{Pentacrimcs alterniciri^us (PI. XXVII. figs. 7-10),

i.e., cystiform enlargements, each with an external opening. Both Prof. L. von Graff

and myself are inclined to regard these as due to the action of Myzostomida or of similar

parasites. But it is singular that they should be developed on the stem ; for I have

never found a Myzostoma-cy&t on the stem of any recent Crinoid, though at some

Stations (170, 214) they were abundant upon the arms, both of Comatulaj and of

Pentacrinidfe.

1 Note on the Cause and Nature of the Ealarjjement of some Crinoidal Columns, Geol. Mag., vol. vi. p. 351.

2 Observations on the Swollen Condition of Carboniferous Crinoid Stems, Proc. Nat. Hisl. Soc, Glasgow, vol. iv.,

1879, pp. 19-36, pis. i, ii.

3 Swiss Crinoids. pi. xi. figs. 18, 36-38. French Jurassic Crinoids, pi. 65, figs. 4-6, 8
;

pi. 80, figs. 2, 2a, 13 ;
pi. 99,

figs. 5a, 56, 5d.
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VIII.—THE GEOGRAPHICAL AND BATHYMETRICAL DISTRI-

BUTION OF THE CRINOIDS.

A. Geographical Range.

The geographical distribution, of the Crinoids is fully as extensive as that of the other

Echinoderms. Comatulge range between the two parallels of 81° N. and 52° S., while

the corresponding limits for the stalked Crinoids are 68° N. and 46° S. Some genera,

such as Actinometra and Pentacrinus, occur in shallow water every^-here, or almost

everywhere, within the tropics ; though Pentacnnus has not yet been obtained in the

Pacific east of long. 170° W., nor between the meridians of 5° W. and 120° E., its

nearest approach to the Indian Ocean being the Moluccas. Metacrinus, on the other

hand, has been found in the neighbourhood of Singapore ; but is otherwise almost

entirely limited to the tropical regions of the West Pacific, ranging, however, as far

north as Japan ; while Pentacrinus wyville-tlwmsoni occurs in the Atlantic as far north

as lat. 45°. Holopus, however, has never been obtained out of the Caribbean Sea.

Of the stalked Crinoids Rhizocrinus has the farthest northern range (68° N.), but it

has not been met with more than once (Station 122), or possibly twice (Station 323),

south of the equator, and is limited to the Atlantic and the Caribbean Ocean. Bathycrinns,

while rano-ino- throuo-h 110° of latitude in the Atlantic and Southern Oceans, does not occur

in the Pacific at all. Antedon, on the other hand, is cosmopolitan, five species inhabiting

the Arctic Ocean, while the genus is also well represented in the Southern Ocean. It is

curious, however, that so far as I am aware, there are no museum specimens, nor any

records of Comatulse from New Zealand.

As a general rule, the individual species of Crinoids are much limited in their range,

thouo-h there are a few weU marked exceptional cases. Both species of Rhizocrinus occur

in the east as well as .in the west Atlantic, Rhizocrinus lofotensis ranging 'from the

Lofoten Islands to 9° S. or perhaps to 35° S.; while three species of Pentacrinidee occur

in the South Pacific near the Kermadecs, and also among the Philippines, as the following

list shows :

—

Species.
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The four Caribbean species of Pentacrinus are widely distributed among the West India

Islands ; and it is possible (or rather probable) that systematic dredgings among the

islands of the Pacific, like those of the "Blake" in the Caribbean Sea, would largely

increase the specific range both of Pentacrinus and of Metacrinus.

Among the Comatulse the well known Antedon eschrichti is universally distributed

in the Arctic Ocean, and on both sides of the Atlantic as far south as lat. 43° N.; while

Antedon dentata of the Barents Sea, the north-east Atlantic, and the Scandinavian

coasts is abundant on the banks off New England. Antedon carinata is another widely

distributed species, occurring both on the Atlantic and on the Pacific coasts of South

America, at Java, Mauritius, the Seychelles, and elsewhere; while Actinometrajndchella of

the Caribbean Sea has also been dredged in moderately deep water off the coast of Morocco.

The greater number of the Comatulse, however, like the four species of Bathycrinus

Table II.

—

Showing the Geographical and Bathymetrical Range of all the

Genera of Recent Crinoids.

Genus.
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and most of the Pentacrinidffi, have as yet been obtained at one or two localities onlj^,

and those not very widely separated.

Table II. on the preceding page gives the bathymetrical and geographical ranges, so far

as yet known, of all the genera of recent Crinoids ; their distribution in the various oceans

being indicated by the capital letters in the fourth column. A few cases of uncertainty,

owing to deficiency of information and other causes, are noted under the head of remarks.

B. Bathymetrical Eange.

The frequency of occurrence of all the genera of recent Crinoids at depths below 250

fathoms, so far as has yet been made known, is shown in Table III. One or two curious

Table III.

—

Showing the Frequency of Occurrence of all the Genera of Recent Crinoids

at depths below 250 fathoms.

Geuus.

Pentacrinus,

Metacrinus,

Mhizocriiius,

Bathycrinus,

Hyocrinus,

Holopus,

Antedon,

Actinomclra,

Endiocrinus,

Promachocrinus,

Atelecrinus,

Thaumatocrinus,

200-500 f.

I

500-700 f.

1

10

16

5

700-1200 f. 1200-2000 f.

1?

2000-2500 f.

I !

2500-2900 f. Kemarks.

Only four of the seven dredgings

noted in the first column were at

a greater depth than 250 fath.

A stem-fragment only at St. 323;

1900 fath. Lat. 35° 39' S. [fide

C.W.T.).

Possibly a young specimen from St.

223, in N. W. Pacilic, 2325 fath.

(/(^eC.W.T.).

At three of the Stations recorded in

the iirst column (for each genus)

the depth was between 2u0 and
250 fath. Stations 174b, c, d
(255, 610, and 210 fath.) are not

recorded at all for either genus,

owing to want of information.

Lowest limit (Station 174C; 610
fath.) uncertain. Possibly not
below 450 fath.

contrasts are noteworthy. While Bathycrinus and Hyocrinus are essentially abyssal

forms, Actinometra is not known with certainty to occur below 533 fathoms, and has

not been obtained more than seven times below 200 fathoms.^ Pentacrinus, haviner a

1 Comatiilte were dredged at Stations 174b, 174c, 174d, the depths being respectively 255, 610, and 210 fathoms
;

but there is no record of the particular haul which yielded the Comatulfe.
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much wider geographical range than Metacrhms, also extends to a greater depth ; while

the same contrast, including also thermal range, may be noticed between Antedon and
the stalked Crinoids generally. It is somewhat singular that this widely distributed

genus, which was dredged at 2900 fathoms in the Pacific and at 2G00 fathoms in the

Southern Sea, should not have been met with between the latter depth and 1600

fathoms.

C. The Association of the Genera at Particular Stations.

The mode of grouping of the various genera of Crinoids, both stalked and free, which

have been obtained at different Stations and liy the exploring expeditions of various

countries, presents some points of interest. The Challenger dredged Comatulse at forty-five

Stations, and stalked Crinoids at sixteen. If the different North Atlantic expeditions pf

the British and Norwegian Governments be also reckoned, this last number rises to 28.

A single species of stalked Crinoid was found at several Stations, unaccompanied by

any Comatulse, as shown in the following Table.

Table IV.

—

Showing the number of times that Isolated Species of Stalked Crinoids

have been Dredged.
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Table V.

—

SJioioing the Association of Crinoid Genera at different Stations occiqned by

the "Porcupine" Challenger, and "Talisman," together with the number of Species

obtained at each Station.

Eemarks.
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Table VI.

—

Showing the Association of Crinoid Genera in the Caribbean Sea, together

loith the number of times that tivo or more Species of Pentacrinus ivere found at

the same Station.

Number of

Stations.
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IX.—ON THE EELATION BETWEEN THE RECENT AND THE
FOSSIL NEOCEINOIDS.

Our knowledge of the Crinoids of the Secondary rocks is largely due to the labours of

d'Orbigny, Quenstedt, and de Loriol, the last of whom, having completed an elaborate

Monograph on the Fossil Crinoids of Switzerland, is now publishing a still more extensive

one devoted to those occurring in the Jurassic rocks of France.

He groups the Neocrinoids into ten families

—

1. Llarsupitidse.

2. Uintacrinidse.

3. Encrinidse.

4. Eugeniacrinidse.

5. Pbcatocrinidse.

6. Apiocrinidse.

7. Bourgueticrinidffi.

8. HolopodidaB.

9. Pentacrinidse.

10. Comatulidaj.

The first two of these, each based on a single genus, are placed provisionally among
the Neocrinoids byde Loriol, who has transferred them from the Palseocriuoids ( = Tessellata)

with which they were ranked by Zittel. In this step, and also in the establishment of the

new family Bourgueticrinidte for the reception of Boiirgueticrinus, Ithizocrinus, and

allied genera, I entirely agree with de Loriol ; but I am not disposed to follow him and

Zittel in the association of Ilyocrinus and Plicatocrinus into one family, and prefer to

consider the former genus as the type of a new family " Hyocrinidge." It has not yet

been discovered in the fossil state ; and of the ten families enumerated by de Loriol, the

first six in the above list died out at or before the close of the Secondary j^eriod ; while

all the four others have living representatives.

Little need be said about the extinct Neocrinoids, except that the association of the

Cretaceous Marsupites and Uintacrinus with the Palseocrinoids, the so-called Tessellata,

appears to me to be based on a misconception ; and that Encrimis, as might be expected

from its stratigraphical jjosition, finds its nearest allies in genera of the Carboniferous

and not of the Jurassic epoch, as will be pointed out later.

The characters of Plicatocrinns are entirely different from those of any recent Crinoid,

though its calyx has a singular resemblance to those of young Pentacrinidse. The
Eugeniacrinidse are a less aberrant group ; but though the symmetrical forms of Eugenia-

crinus appear to have a considerable resemblance to Rhizocnnus and Bathycrinus in the

structure of the lower part of the cup and in the distribution of the canal system, yet

such types as Phyllocrimis and the distorted Torynocrinus are altogether different from

any recent Crinoid.

The Apiocrinidse, represented by some doubtful species in the Lias, flourished exten-
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siTCly tlirongh tlie Jurassic period, and died out in the Lower Neocomian. Their place

was taken by the Bourgueticrinidse, which were formerly associated with them into one

family. Wo have no certain evidence of the occurrence of the typical genus Bourgueti-

crimis in other than Cretaceous rocks ; though stem-joints which have been referred to

this o-enus occur both in Jurassic and in Eocene deposits. It is not unlikely, however,

that they belong to Thiolliericrinus or to Rhizocrinus respectively. The latter genus,

which is represented by two living species, is probably exclusively confined to the

Tertiary rocks, except perhaps for the so-called Bourgueticrinus alabamensis from the

Cretaceous formation of Alabama, U.S.; and some of the stem-joints hitherto referred to

Rhizocrinus or to Bourgueticrinus may possibly belong to Bathycrinus, no calyx of

which has yet been found in the fossil state.

As regards the fossil Holopodidte, there are Micropocrinus of the Italian Miocene,

Cyatkidium in the Chalk of Faxoe, the singular Gyninocrinus in the Oxfordicn of

France and Switzerland, and lastly in the Middle Lias Cotylecrinus and Eudesicrinus

;

while Edriocriniis from the Upper Silurian and Devonian, a type much resembling

Holopus in character, is a proof of the great antiquity of these sessile Crinoids.

The Pentacrinidfe are remarkable for their long geological history. The type genus

Pentacrinus first appears in the Trias, together with the short-lived Erwrinus. It per-

sisted through the whole of the Secondary and Tertiary periods, and is represented by

eight species at the present time. On the other hand, Extracrinus with its characteristic

stem, dicyclic base, and peculiar arm-divisions is confined to the Lias and Lower Oolites,

unless, as I am disposed to think, the Pentacrinus asteriscus which has been found in the

Western Territories of the United States associated with Alpine Trias fossils and Spinfera,

is also to be referred to this genus. Balanocrimis, known as yet only by stem-joints,

ranges from the Middle Lias to the Lower Neocomian. The remaining genus Metacrinus

is confined to Oceania and the shallower parts of the Pacific, and is at present unknown

in the fossil state.

The general character of the fossil Pentacrinidse is essentially the same as that of

their recent representatives, except that they often had much longer stems wliich

sometimes reached as much as 50 or even 70 feet ; while the number of arms was

frequently limited to ten, which is not the case in any recent species but Pentacrinus

naresianus (Pis. XXVIII.-XXXa.). Some of them also appear to have been devoid of

external basals. But in two cases, at any rate, Pentacrinus dixoni and Pentacrinus

Jisheri, this is due to error ; for the basals have been overlooked and therefore described

as absent.^

Three genera of the Comatulidse, Antedon, Actinometra, and Eudiocrinus are known

in the fossil state. The last named is at present limited to the Lower Neocomian of

1 Oa the supposed Absence of Basals in tlie Eugeniacrinidae and in certain other Xeocrinoids, Ann. and Mag. Nat.

Hi4., 1883, ser. 5, voL xi. pp. 327-334.
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Switzerland ; though both the other two genera range back as far as the inferior Oolite,

Antedon beinsf much the more common. But the distinctions between them, so far as

can be made out in the calyx alone, are much less sharp than in recent Comatulse. Many

of the Jurassic species combine in a singular degree various characters which are of

considerable value for the generic determination of recent Comatulse.

Besides their tendency to combine the characters of recent generic types, the

Jurassic Comatulse are remarkable for their large size, as are also the Cretaceous species.

The centro-dorsal may reach from 9 to 13 mm. in diameter, which is greater than that of

nearly every recent species except Antedon eschrichti ;- W'hile this type and Actinometra

robusta are almost the only living Comatulse with arm-bases anything like as massive as

those of the fossil species. Some of the Cretaceous forms must have been A^ery large.

Thus the united centro-dorsal and radials of Antedon campichei from the Neocomian of

Switzerland may reach 15 mm. in height and over 20 mm. wide; while several

centro-dorsals of Antedon from the Upper Chalk are almost equally gigantic.

The Eocene fossils are of moderate size ; but the Miocene Antedon rhodanictis has a

centro-dorsal 13 mm. in diameter, while the three species described by Forbes from the

Coralline Crag of Sutton are all considerably smaller.

Of the remaining Comatulidse neither Promachocrinus nor Thaumatocrinus has yet

been found fossil ; and though specimens have been described from the Maestricht Chalk

with a complete basal ring,' I should hesitate at present to refer them to Atelecnnus.

1 Zeitschr. d. deutsch. (jeol. Gesclhch., Jahrg. 1878, p. 66.
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X.—ON THE RELATIONS OF THE NEOCRINOIDS TO THE
PALiEOCRINOIDS.

The term " Neocrinoidea," which was first introduced by the writer in 1881,^ embraces

all the " Crinoidea Articulata " of Miller and Miiller, together with Marsupites and HoJopus,

both of which were placed elsewhere by the German zoologist; while the Palfeozoic

Crinoids generally were referred to by him as the " Crinoidea Tessellata," ^ this group

including the Semiarticulata and Inarticulata of Miller. His definitions of these two

great groups, however, were meagre in the extreme. The Articulata comprised the genera

Pentacnnus, Apiocrinus, Encrinus, and Comatida in the wide sense, i.e., types in which

the radii are free down to the base of the calyx ; while his only distinct reference to the

Tessellata is that they are Crinoids " deren Kelch ganz aus Tafeln zusammengesetzt ist."
^

From his numerous references to individual genera, however, it is possible to obtain a

tolerably clear notion of the ideas which led Miiller to establish these two principal

divisions of Crinoids ; and various paleontologists have in consequence attempted, with

more or less success, to formulate characters which should distinguish them from one

another.

The most satisfactory of the earlier attempts in this direction was that which appeared

in Bronn's Thierreich (vol. ii. p. 228). Besides the supposed sutural union of the calyx-

plates and the presence of a subtegminal mouth in the Tessellata, reference is also made

to the asymmetry of the calyx in this group, the more frequent presence of a dicycbc

base, and the greater rarity of stemless forms than in the Articulata.

On the other hand, Liitkeu* and others have pointed out the weakness of these

definitions.

By far the best of the numerous diagnoses which have been drawn up since the time

of Miiller are those which we owe to Zittel.® But the freedom of the rays in the Articulata,

on which IMliller laid stress, is omitted by him, while an important error runs through his

as through all the earlier definitions. The calyx plates of the Tessellata are " unbeweglich

durch einfache Niihte verbunden ;
" while those of the Articulata are " meist sehr dick,

durch gelenkartig ausgehohlte und gewolbte oder ebene Nahtflachen verbunden." Now
the lowest articulation to be found in the calyx of an articulate Crinoid is that which

unites the first and second radials (PI. LXH.). The former are suturally united both to

one another and to the basals ; while, when underbasals are present {Marsiqntes,

Extracrinus), the union between them and the basals is of the same kind. In both

groups the interradials (when present) are suturally united to the radials and to one

another ; so that the name-giving difierence between the Articulata and the Tessellata is

1 Ann. and. Mag. Nat. Hist, 1881, ser. 5, vol. vii. p. 296. - Pentacrinus, loc. cit., p. 30. ' 7jjy_^ p_ 09.

4 Op. cit, pp. 219-222. ' Palseontologie, pp. 335, 342, 345.

(ZOOL. CHALL. EXP.—PAET SXXII.— 1884.) Ii 19
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reduced to a supposed difFereuce in the mode of uuion of the first radials with the joints

which they bear.

In all the Mesozoic and later Crinoids this is an articulation effected by a pair of

muscles and three ligaments, as described above (PI. Vila. fig. 15 ; PI. Vllb. figs. 1,5;

PL Villa, fig. 7 ; PI. X. figs. 1-4; PL XII. figs. 9, 12, 15, 20, 23 ; PI. XX. figs. 7, 8 ;

PI. XXI. figs. 5c, 6d ; PL LXIL). It presents itself even in forms which have such decided

Palaeozoic affinities as Hyocrinus, Marsupites, and Thaumatocrinus, but it appears, accord-

ing to de Loriol,^ to be absent in Guettardicmius, in which type the reduced articular

facet found in Apiocrinus seems to have disappeared altogether, not only from the distal

faces of the first radials, but also from those of the axillaries.

In this respect, therefore, as also in the jsresence of numerous interradials, and in the

close lateral union of the lower parts of the rays, Guettardicrinus is a true Tessellate, as

has been already pointed out by Liitken.^

On the other hand, the first radials of many of the so-called TesseUates have just as

well-marked articular facets as those of the Pentacrinidse, and the joints belonging to the

other orders of radials are united to one another in just the same way as the distichals

and palmars of Pentacrinidse and Comatulis. Marsupites, Allageoinus, and Platycrinus

are notable examples of the presence of a muscular joint between the first and second

radials ; and I feel confident that it would be found to recur in numerous other forms

with perforated first radials, such as Ci/athoainus, Foteriocrinus, and Myrtillocrinus, if

properly looked for.

Thus then, so far as regards the presence or absence of a true articulation between

the first and second radials, no hard and fast line can be (bawn between the older and

the younger Crinoids. Many of the former certainly had a muscular joint in this

position ; while it was absent in Guettardicririus, though not from an arrest of

development, as in the older Crinoids.

The want of a distinct articular facet on the first radials of many Tessellata is only

another indication of their being in the condition of permanent larval forms, as is so

clearly shown by many of their other characters.^ The fossae for muscles and ligaments,

the central canal, and the transverse articular ridge of the radials and arm-joints of all

the post-Palaeozoic Crinoids (except Guettardicrinus) only make their appearance at a

comparatively late developmental stage. The axial cords of the young joints, whether of

rays, arms, or pinnules, lie at first upon their upper surfaces, eventually being received

more deeply into the substance of the plates. They lie for some time in open canals,

which are only closed up and received into the substance of the skeleton at a later

period. Consequently the transverse section, which at first resembles a horse-shoe,

finally comes to be a ring, with muscles and ligaments attached round it. Now in many

1 Paleont. rran9., op. cit., pp. 216, 218. ' Oj^ cit, p. 221.

^ See AVacbsmuth, Amer. Journ. Sci. and Arts, vol. xiv. p. 190.
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PaJfeocrinoids the distal faces of the radials remain permanently in the horse-shoe

condition, and the Hgaments and muscles must therefore have remained small and poorly

developed, just as they are in recent Crinoids until the central canal is comjiletely closed

in. The gradual development of complete articular focets, commencing before the horse-

shoe stage, has been traced in the radials of the Palaeozoic AUagecrinus, just as in the

Comatulse ;' and I see therefore no reason to doubt that many Palseocrinoids had an

imperfect articulation and not a suture between the horse-shoe facets of the first two

radials. This may perhaps be correllated with the small development of the arms of the

Palfeocriuoids, relatively to that of the calyx. The integrity of long arms with two

hundred or three hundred joints, like those of many Comatulse, would be much more

perfectly preserved if the bundles of muscles and ligaments were large and well developed

than if they remained small, as must necessarily be the case on an imperfect terminal

facet of a semicircular or horse-shoe shape.

Believing then that in a very large number of the Palfeocrinoids the second radials

were at least as movable on the first as in A'piocrinus, and in some cases a good deal

more so, I cannot regard the " differentia " of the Palaeozoic and the later Crinoids on

which MilUer and his followers laid so much stress, as a point of great systematic

importance.

Wachsmuth^ omits all reference to the mode of union of the plates in his diagnosis

of the Palgeocrinoidea ; and had it not been revived by Zittel as a means of

distinguishing the two great groujis, MuUer's name would long ago have fallen into

disuse.

The name Palseocrinoidea was proposed by Wachsmuty in 1877 to denote "all true

Crinoids in which the actinal side is closed
;

" but it was not actually defined by him

until two years later, nearly simultaneously with the appearance of Zittel's classification.

He regards the group as of sub-ordinal value, and as specially distinguished by two

characters—(1) the interradials constitute important elements of the test; (2) the

absence of external food-grooves or oral aperture. He proposed incidentally to grouj) the

later Crinoids together under the name " Stomatocrinoidea "
; but he did not attempt to

define the group ; and so far as I am aware, this name has not been adopted by

systematic zoologists, while Wachsmuth himself is now inclined to abandon it. Various

reasons, which will be explained more fully subsequently, have induced the writer to

propose the name of " Neocrinoidea " for the Mesozoic and later Crinoids. This has been

adopted by Prof Zittel, and also by de Loriol in his work on the French Jurassic

Crinoids, and it will be used throughout these Rejjorts.

Although Marsupites is ranked among the Tessellata by Miiller, and also, together

with Uintacrinus, by Schliiter and Zittel, I can see no reason for excluding these two

> Ann. and. Mag. Nat. Hist., 1881, ser. 5, vol. vii. pp. 283-287. ' Revision, part i. p. 30.

3 Amer. Jov/rn. Sci. and Arts, vol. xiv. p. 190.
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types from the group of the Neocrinoids, to which they have been abeady provisionally

referred by de Loriol.

Both have uniserial arms, a symmetrical calyx, and no anal side ; whUe in

Marsupites, at any rate, the first radials were perforated by canals, and united to the

second by muscular joints. Interradial plates, however, are well developed in both

genera, especially in Uintacrinus. But the upper series of so-called interradial and

interdistichal or interaxillary plates are really parts of the radial system, and correspond

to the pinnules of free arms, as was pointed out by Meek. At the same time he noted

their unusual size, and the fact that they are united with each other and with the main

divisions of the rays for some distance up, so as to constitute a part of the walls of

the body.^

Schliiter,^ to whom Meek's remarks seem to have been unkno'UTi, speaks of this as a

possibility, but rejects it on account of the absence of a central canal in the supposed

pinnule-joints, and other less important reasons. I cannot help suspecting, however,

that the canal will be found, and that the plates in question are really the basal joints of

the large lower pinnules. He describes how these plates group themselves together iu

double rows, the lowest of which " geht aus von dem zweiten Distichalgliede. Sie

besteht vielleicht aus 9 Stiicken jederseits. Die folgende Doppelreihe, aus kleineren

Tiifelchen zusammengesetzt, nimmt ihren Anfang vom flinften Stiicke iiber dem

Axillare." The first pinnule being on the second brachial, the next on the same side

would be on the fourth ; but since the third is a syzygial or double joint, the fourth

brachial is primitively the fifth above the axillary ; while Schlliter's figures ^ show that

the double row of interdistichal pieces which " nehmen ihren Anfang vom vierten

Distichale aus " are really the pinnules on the epizygals of the two thii'd brachials. There

are many species of recent Crinoids (Pentacrinus, Metacrinus, Actinometra) which have

large lower pinnules with the basal joints closely fitted together just as in Uintacrinus

(PL XXXVIII. ; PL XXXIX. fig. 1 ; PL XLIII. fig. 2 ; PL LII. fig. 1) ; so that the

supposed resemblance in this respect between Uintacrinus and the Palseocrinoids goes

for nothing. Apart from these two genera there are no Secondary Crinoids which could

by any possibility be referred to the Tessellata ; and this is stiU more emphatically the

case with the Tertiary and recent forms. It is true that the most stiiking characters of

the recent Thaumatocrinus (PL LVI. figs. 1-4) indicate an affinity to early Palaeozoic

types {ante, pp. 39-46) ; but, considering that Thaumatocrinus is a Comatula, it is

more than probable that this I'esemblance is not due to any genetic connection.

Thus then I regard the Neocrinoids as constituting a group or subclass which is

distinctly marked off from its Palaeozoic predecessors. These became extinct with the

Palaeozoic epoch, like the Blastoids, Cystids, and Palsechinoids. The latter in fact

1 Griimel, Note on the genus Uintacrinus, Bull. U.S. Geol. and Geog. Survey of tte Territories, vol. ii., No. 4, p. 377.

2 Op. cit, p. 58. 3 (jp_ cti., Taf. iv. figs. 1, 3.
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constitute a parallel group to the Palseocrinoids, as Urchins are abundant in the

Secondary and Tertiary rocks and also at the present time. But the Blastoids and
Cystids shared the fate of the Trilobites, and did not persist into the Triassic Seas.

It will now be advisable to discuss the various characters which distinguish the

Neocrinoids from the Palseocrinoids. Some of them have been alluded to elsewhere, but

no attempt has yet been made to group them together.

In the first place the calyx of a Neocriuoid is very symmetrical in its composition,

though it may undergo more or less distortion, as in the Eugeniacrinidfe and Holopidse

(Pis. I.-IV.).

Under-basals are rarely present (Encrinus, Extracrinus, and Marsupites) ; while by

far the greater number of genera have five equal and similar basals, with five equal and
similar radials resting upon them. Hyocrinus it is true has only three basals (PI. VI.)

;

while the radials of Holojms (PI. III. fig. 1) and Eudesicrinus are not symmetrical ; but

their want of symmetry is not due to the intercalation of any anal plate as in nearly all

Palajocrinoids, so that one side of the calyx becomes especially distinguished as the anal

side. In all Neocrinoids, with the single exception of Thaumatocrinus, these primary

radials are in contact with one another by the entire length of their sides ; or more

rarely, as in Quettardicnnus, Uintacrinus, and Aioiocrinus^roissyanus,^ their distal ancfles

are cut away, so as toreceive the lower part of the first interradial. This feature, which

is common enough in the Palseocrinoids, is rare in the Neocrinoids ; for the second radials

are usually wider than the first, and more or less completely united to their fellows by

their lower angles (PI. XV. figs. 1, 2 ; PI. XXIX. fig. 1 ; PI. XXXVII. figs. 1, 2

;

PI. XXXIX. fig. 1 ; PL XLIII. fig. 2 ; PL XLIX. figs. 1, 2).

In like manner there is only one known genus and species of Neocrinoids

[Thaumatocrinus renovatus, PL LVI. figs. 1-4) which has the rays completely separated

by primary interradials that rest on the basals ; though there are several genera of

Palseocrinoids distinguished by this peculiarity, which is characteristic of the large and

important family Khodocrinidse (Wachsmuth and Springer).

In most Paleeocrinoids a certain number of the plates above the primary radials

become closely united to one another and to the interradials so as to form the walls of a

relatively large and substantial calyx. This is especially- the case in the Actinocrinid*
;

" while in the Platycrinidas comparatively few plates are enclosed within the calyx, many
of them, which in the ActinocrinidiB form a conspicuous part of the body, being here

found in the lateral appendages. In the Platycrinidas the calyx proper is constructed

almost exclusively of basals and fii-st radials, aU higher orders of radials either forming a

part of the brachial appendages, or, when partially incorporated with the calyx, being

insignificant compared with the other parts."
'•*

In the Ichthyocrinidse, however, while the secondary and tertiary radials form a part

1 See woodcut, fig. 9 on p. 183. - Wachsmuth, Revision, part ii. p. 55.
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of the body, they are often connected by a pavement of minute irregular plates, which

may commence as low down as the level of the second radials, and are thought by

Wachsmuth and Springer to indicate the presence of a flexible perisome. This is

especially the case in some species of Taxocrinus, the rays of which must have been at

least as free as those of many Pentacrinidse and Comatulse, and much more so than those

of Apiocrimis and Guettardicrinus. In these two genera, as in Uintacrinus, the calyx

interradials are not only present but well developed, so as to increase the size and com-

plexity of the cup. In fact the rays of Guettardicrinus are immovably united as far as

the second brachial, either directly, or by the intervention of interradial plates ; while

some species of Apiocrinus {Apiocrinus jyctrkinsoni) have the second and third radials in

close lateral contact with their fellows. Other species, however, with the arms free from

the radial axillaries, have a well defined pavement of interradial plates, the lowest of which

are large and regular and rest on the upper angles of the first radials, as in Apiocrinus

roissyanus

;

' while the upper ones are smaller and more UTegular, and pass gradually

upwards into those of the ventral side. The same is the case in Marsupites.

Many Pentacrinidae and Comatulse have wide rays which are in close lateral contact

just as in Apiocrinus parkinsoni (PL XV. fig. 2 ; Pis. XYIIL, XIX.; PI. XXV.;

Pis. XXVIII.-XXX.), while others have the rays more separated from one another, but

united by flexible perisome in which the joints of the lower pinnules and numerous small

irregular plates are imbedded (PI. XIII. fig. 1 ; Pi. XXXI. ; Pi. XXXVII. fig. 1 ;

PL XXXIX. fig. 1 ; PL XLIX. figs. 1, 2 ; PL L. fig. 1). These may cease at the level

of the third axiUaries, or pass up into the plating of the ventral side as in Apiocrinus

roissyanus, Marsupites, and the Liassic species oi Extracrinus. But they are never so large

as in these fossils, and more nearlyresemble the small irregular plating of the Ichthyocrinidse.

Thus then there are many Neocrinoids with no interradial plates in the calyx ; and

when these plates are present and well defined, as in Apiocrinus, Guettardicrinus, and

Marsupites, or Uintacrinus, they are not limited to any special side of the calyx, but

are ec[ually distributed all round it ; so that there is no distinction of the anal side,

Thaumatocrinus of course excepted.

In the Palseocrinoids, however, the pentamerous symmetry of the calyx is almost

always disturbed by a greater or less modification of the plates on the anal side. The

difi"erence may be very slight, as in Phimocrinus and Cupressocrimis, which have the

anal opening separating the muscle-plates of two adjacent radials. But even this

character appears to be absent in the remarkable genus Erisocrinus from the Upper

Carboniferous of America, which has a calyx unusually hke that of Encrinns; and also in

Stemmatocrinus from the Eussian Carboniferous, which is still more like Encrinus in the

structure of the arms.

Some forms have a special anal plate between two of the primary radials. This is the

' See woodcut, fig. 9 on p. 183.
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case in Belemnocrinus, and has been thought to afford the only point of difference between it

and the cup of the recent Rhizocrinus ; though the structure of the stem is entirely different

in the two t}'pes. More commonly, however, there is a considerable development of plates

in the anal interradius, and the corresponding basal plate, together with the two radials

that rest upon it, differ from their fellows in size and shape. There is, however, one

Neocrinoid, the aberrant Thcmmatocrinus (PI. LVI. figs. 1-5), which has the symmetry

of its calyx disturbed by the presence in the anal interradius of a jointed appendage,

somewhat similar to that of Reteocrinus from the Trenton group of America, and of

Taxocrimis, Onychocriniis, &c. But there is no other modification of the plates, the five

basals, the lowest interradials, and the radials being all equal and similar to their fellows.

Even in Palseocrinoids which have the radials closely united all round, and the general

contour of the calyx perfectly regular, a want of symmetry is indicated by the inequality

in the numbers of basal and radial plates. This is the case, for example, in Eucalypto-

crinus, which has five radials but only four basals.

In all Neocrinoids (with the possible exception of the doubtful Comaster) the basals

are pierced by interradial canals or grooves, which lodge the cords proceeding from the

angles of the chambered organ. These cords fork and pass on into the radials, where they

occupy the more or less double axial canals (PI. Vllb. fig. 2, ai ; PL XXIV. figs. 7-9
;

PL LVIII. figs. 1-3

—

ai, ar). These axial canals open on the distal faces of the radials in

the centre of the transverse articular ridge, and are thence continued into the rays and

arms (PL III. figs. 1, 3-15; PL Vb. fig. 1, A; PL Vc. fig. 2, A, figs. 3, 7, 8, 10, a;

PL Vila. figs. 15-23; PL Vllb. figs. 1, 5-8, A; PL Villa, figs. 5, 7, 8, A ; PL X.

figs. 1-4, 6-8, 17, 18 ; Pis. XII., XXL, LXTL). Chapman, who has recently attempted a

classification of Criuoids,^ appears to imagine that Marsupites and Uintacrinus have

imperforate radials ; for he places them both in his Division 1, " EmeduUata," which he

characterises as follows, " Calyx and arm-plates without internal canals." I know nothing

about the calyx-plates of Uintacrinus; but the central canal of the third brachial is

shown in Schlliter's figure ;
^ whUe the perforation of the radials of Marsupites was

mentioned by Miller,' and has been figiired by many later writers.

The presence of a transverse ridge on the articular faces of the radials indicates that

they were united to the second radials by muscles and ligaments, just as the successive

arm-joints are. This is invariably the case in all Neocrinoids except Guettardicrinus,

which has the plates suturally united, and possibly also in Uintacrinus. I have pointed

out already that there was a fuUy developed muscular joint between the two lowest

radials of many Palseocrinoids such as Platycrinus and some, if not all, species of CyatJio-

crinus; and though the arms of Platycrinus are pierced by axial canals, it is placed

among the " EmeduUata " by Chapman.

' A Classification of Crinoids, read before the Eoyal Society of Canada, May 26, 1882.

2 Op. cit., Taf. iv. fig. 4. ' Op. cit., p. 138.
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None of the Neocrinoids, however, have permanently imperforate radials as so many

Palasocrinoids have, the latter group remaining in auembryonic condition as stated already.

In by far the larger number of Neocrinoids which have divided raj^s, the axillary is

the third of the primary radials. The only exceptions are Iletacrinus and Plicatocrinus.

In the former genus (PI. XXXIX. fig. 1 ; PI. XLVI.) the first and the axUlary radials

are primitively separated by from three to six joints, some of which afterwards become

united by syzygy ; while in Plicatocrimis there appear to be only two radials altogether,

the first and the axillary. Zittel ^ describes three, it is true, or rather two radials and

an axillary brachial ; but he speaks of the " innig verschmolzenen Plattchen der unteren

Zone ' as quite small, and I am strongly inclined to suspect that they represent basals

rather than first radials. For what he calls the second radials seem to me to be the

first or calyx radials. They are the large trapezoidal plates forming the greater part of

the calyx, and united to the lower series by suture ; and such a mode of union of the two

lower radials occurs in no other Neocrinoid except Guettardicrinus,

The position of the axillary joint in those Palseocrinoids which have divided rays is

by no means so fixed as in the younger types, for the first radials themselves may be

axUliary as in Allagecrinus ; while in Poteriocrinus radiatns the axUlary is the sixth joint

beyond the first radial, as in some species of Metacrinus (Pis. XLIV., XLVI., XLVII.-L.);

and in other genera its position may be anyrv'here between these two extremes. This is

in fact the only important character which distinguishes the Palaeozoic Erisocrinus,

Philocrinus, and Stemmatocrinus from the well kno-mi Triassic genus Encrinus.

Erisocrinus has distinct under-basals like those of Encrinus, though relatively larger

;

but in Stemmatocrinus, according to Wachsmuth and Springer,^ these plates are

represented by a flat disk, which is undivided, regularly pentagonal, and extends

considerably beyond the periphery of the column. Trautschold^ appears to take the same

view of Stemmatocrinus. Tempting as it may be, owing to the way in which it would

increase the resemblance between these types and Encrinus, I feel somewhat loth to accept

it. For the plate in question appears to me to be much more truly represented by

the central pentagonal piece on which the basals of Ctq^ressocrinus rest ; this is larger

than the stem-joints beneath it, and is ob\aously what Schultze* calls it, viz., "Eine

fiinfseitige, aus der Erweiterung des obersten Silulengliedes gebildete Platte," Unfortun-

ately we are not acqiiainted with the mode of development of the under-basals, as they

occur in no recent Crinoid ; but the analogy of the development of the other calyx-

plates indicates that they are primitively five separate plates, like their homologues in the

apical system of Ophiurids and Starfishes ; and a theory which would homologise them

with a plate that first appears as a simple ring, seems to me to run counter to all true

1 Uelier Plicatocrinus, he. cit., pp. 107, 108. - Eevision, part i. p. 141.

' Einige Crinoideen und andere Thieri'este des jiingereu Bergkalks ini Goiivernment Moskaii, Bull. Soc. Imp. des

Nat. Moscon, 1867, p. 28.

* Op. cit, p. 15, Taf. ii. fig?. 1 a, 6 a.
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notions of morphology. I freely admit the functional analogy of the uncler-basals of

JEncrinus, ErisocHnus, &c., with the central plate of Cupressocrinus or Stemmatocrinus

;

but until the apparently simple nature of the latter shall have been proved to be really

due to the disappearance of sutures, as in the basal ring of Bathycrimis, Rhizocmnus, and

Agassizocrimis, I think that we must regard it as a top stem-joint, corresponding to what

de Loriol calls the "article basal" in Ajnocrinus and Millericrinus.

Encrinus is remarkable as being the only Neocrinoid with ten (or twenty) arms of

biserial joints, which increases its resemblance to Stemmatocrinus. There are, however,

some species {^Encrinus gracilis) with ten uniserial arms, as in the other Neocrinoids and

in Erisocrinus so far as yet known. This is also the case in de Koninck's genus

Philocrinus from the Carboniferous strata of the Punjaub.^ But the basals seem to be

much higher and the cup generally deeper than in either Erisocrinus or Stemmatocrinus.

The structure of the lower part of the cup was unfortunately obscured in de Koninck's

specimen, so that the presence of under-basals is still doubtful.

Wachsmuth and Springer point out that the absence of any anal plates in Erisocrinus

and Stemmatocrinus, and the want of any knowledge of their ventral side render it

doubtful " whether they belong to the Cyathocrinidae, or even to the Pateocrinoidea ; and

if it had not been for their marked resemblance to Eupachijcrinus, in which a ventral

tube has been observed, and that both were representatives of the same geological age,

living under the very same conditions, we should have felt strongly disposed to place the

whole genus with Encrinus, with which it has, indeed, both in body and arms, the

closest affinities." ^ They think the number of radials to be not of material, or, at most,

" only of generic importance ; but in Encrinus the aboral side of the body, or the plates

which in all Cyathocrinidse constitute the calyx, form almost a flat disk—at least do

not extend beyond the basal plane-^and this is the only distinction which can be

discovered between the two forms in the fossil state. This, however, may involve

important structural modification in the internal anatomy of the animal, and probably

shut out Encrinus entirely from the Palseocrinoidea."

Our knowledge of the anatomy of recent Crinoids, however, does not favour this

supposition. There is very much less difi"erence between the calices of Encrinus and

Erisocrinus than between that of Antedon eschrichti with high radials and a narrow but

deep central funnel, and the low flattened calyx of any Actinometra. But the only

difi"erence exhibited by the ventral sides of these two types is that the mouth is central

in the Antedon and excentric in Actinometra. I can therefore see no reason for

supposing that Erisocrinus had a solid inflexible vault built up of the so-called oral plates,

like that of the Cyathocrinidaj, with which family it, as well as Stemmatocrinus, is placed

1 Description of some Fossils from India, discovered by Dr. A. Fleming of Edinburgh, Quart. Journ. Geol. Soc,

vol. xix. p. 4, pi. ii. fig. 5.

2 Revision, part i. p. 142.

(ZOOL. CHALL. EXP. PART SXXII.—1884.) Ii 20
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by Wachsmuth and Springer on account of its resemblance to Eupacliycrinns. No such

vault has been found in this type, but only a small " ventral tube " which rests on a series

of three anal plates and has been traced to the height of the fourth or fifth arm-plate, where

it is composed of small, very delicate, hexagonal plates. But these anal plates are absent

in Erisocrinus as in Encrinus, and since a ventral tube or sac like that of Cyatliocrinus

is always found associated with a system of anal plates, the lowest of which is inter-

calated between two radials, it seems rash to postulate its presence in the symmetrical

Erisocr'inus.

It should be remembered too that the Liassic Extracrinus has a symmetrical calyx with

a dicyclic base, i.e., of the same composition as that of Encrinus and Erisocrinus ; while

its summit or ventral side was in no way different from that of a recent Pentacrinus.

I have a strong suspicion that this is also true of many Palaeocrinoids, and do not therefore

believe that Erisocrinus must have had a closed vault because it was a Palseocrinoid.

Together with Encrinus, Philocrinus, and Stemmatocrinus it certainly affords the best

transition yet known between the Neocrinoids and Palaeocrinoids. For the only point of

difference about which we are entitled to speak with certainty is the absence of a second

radial in the three older forms, and the constancy of its presence in Encrinus, as in most

other Neocrinoids. The occurrence of Encrinus-like forms in the Carboniferous strata of

India, America, Russia, and also Spain (according to C. Barrois) is therefore very interesting.

Some species of Taxocrinus and Heterocrinus have been thought to bear a superficial

resemblance to Pentacrinus, owing to the freedom of their rays. But both genera have

an asymmetrical calyx with a well marked anal side, and also a variable number of radials,

peculiarities which, when occurring together, are very characteristic of the Palseocrinoidea.

Wachsmuth and Sj)ringer' have pointed out that " another very characteristic distinc-

tion between ancient and recent Crinoids is to be found in the comparatively large size

and massive body plates in the fossil, contrasted with the diminutive body and very long

and highly developed arms of recent types ; and the same is even more strikingly true as

to Blastoids and Cystideans."

But it is a mistake to suppose, as they do, that while the arms are in jjrogress of

growth in the Palaeocrinoids, those of the Pentacrinidae are fully developed ; for it is

among the Comatulae that the greatest development of the arms is to be found. Very

few Pentacrinidae, except Extracrinus, Pentacrinus asterius, and three or four species of

Metacrinus have more than fifty arms, a number which is never reached by Apiocrinus

and Bourgueticrinus. In certain species of Actinometra, however, the rays may branch

six or eight times, and the number of arms exceed one hundred ; while in many species

both of Antedon and Actinometra, the number of joints in a single arm is over two

hundred, and in rare cases reaches three hundred. Nearly all of these bear functional

pinnules, the last of which are sometimes longer than their predecessors.

' Eevision, part i. p. 6.
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In the recent Pentacrinidse, however, there are never as many as two hundred arm-

joints, and several of the outermost are entirely devoid of functional pinnules, having

nothing but mere stumps in their place, without any amljulacral plates at the edges of

their ventral grooves (Pis. XXXVIIL, XL., XLII.-XLIV., XLVIII., XLIX.). Nearly

one-third of the length of the arm of a Pentacrinus or Metacrinus may h& in this un-

developed condition, which is never met with among the Comatulse.

In almost all Neoerinoids the articular facets on the first radials occupy the whole

width of their distal faces, so that the lowest parts of the rays, whether divided or not,

are of nearly the same width as the radial plates which bear them. In many Palseo-

crinoids, however, such as Platycrinus, the articular facet of the first radial simply

occupies the middle of its distal edge, so that the lowest parts of the rays are quite small

compared with the calyx. This is the case among the Neoerinoids in Hijocrinus

(PI. VI.), Plicatocrinus, and to a less extent also in Marsupites ; while it is very

characteristic of the young stages of the Pentacrinoid larva of Comatida. But the

occurrence of this feature is far more general among the Palseocrinoids than in the latei

forms.

Except in some species of Encrinus, the arms of a Neocrinoid are invariably uniserial,

i.e., composed of a single series of joints which are placed end to end, and bear pinnules

alternately on opposite sides. The arms of the earlier Palseocrinoids were also composed

of single joints ; but in all the three principal divisions of the group the composition of

the arms changed from a single to a double row in the Upper Silurian period. If this is

to be considered as an advance in development, then all the Post-Triassic Crinoids are in

this respect permanent larval forms. According to Wachsmuth and Springer's descrip-

tion of MariacrintLS, the double joint arrangement is brought about by the coalescence of

two contiguous arms, an approach to which may perhaps be found in the flattening of

the sides of the lower parts of the arms in many Pentacrinidse and Comatulse, and in

Holopus (PI. Va, fig. 3 ; PI. XV. fig. 2 ; PL XVI. fig. 1 ; PI. XXX. fig. l). But this is

merely superficial, and the alternate arrangement of the pinnules is unchanged, which is

far from beins; the case in Palseocrinoids with biserial arms. Other Palseocrinoids, such

as the Ichthyocrinidse and some Cyathocrinidse, seem to have had no pinnules at all,

though the arms branched freely.

It will be apparent from what has been said above that except in one or two points,

e.g., the symmetry of the calyx, the diflferences between the so-called Tessellata and

Axticulata are not so great as has been sometimes imagined. But there is one other

structural character of great importance, to which attention has been especially drawn of

late by Messrs. Wachsmuth and Springer as distinguishing the two groups. I refer to the

condition of the mouth and of the oral surface generally.

The American palaeontologists' define the cup of a Palseocrinoid as " closed on the

' Revision, part i. p. 30.
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ventral or oral side by a more or less solid integument, without external food-grooves or

oral aperture ;
" though they imply that the mouth may not have been internal in some

cases/ In recent Crinoids, however, the mouth and food-grooves are external, though

capable of being closed by plates, and the name " Stomatocrinoidea " was consequently

suggested for them liy Wachsmuth and Springer.

Eeference has already been made to the gradual removal of the orals which surround

the tentacular vestibule of the larva, from the radial plates ; and also to the separation of

these orals from one another so as to open the tentacular vestibule to the exterior and

expose the mouth in the centre of its floor. In Holopus, Hyocrinus, and TJiaumatocrinus

the orals persist as large triangular plates which cover uj) and protect the peristome

(PL III. fig. 2 ; PI. VI. figs. 1-4 ; PL LVL fig. 5). They are only removed to a short

distance from the radials, scarcely at aU in fact, in IIolopiis. In Jihizocrinus they are

relatively much smaller ; while they disappear altogether in the Pentacrinidse and

remaining Comatulse (except Tliaumatocrinus), so that the mouth is directly exposed to

the exterior (PL LV.).

In all the recent Crinoids the food-grooves of the disk are perfectly open, like those

of the arms, i.e., they are never closed in any other way than by the folding down over

them of the plates at their sides (PL XVII. fig. 6 ; PL XXVI. figs. 1,2; PL XXX. fig. 2
;

PL XXXIX. fig. 2 ; PL LV.). But in many Palseocrinoids such as Actinocrinus, these

food-grooves themselves were concealed beneath a vault or dome of rigid heavy plates
;

so that the mouth towards which they converged was truly subtegminal. The nature of

this dome is a point of very considerable importance with reference to the relationship of

the Neoerinoids and Palseocrinoids.

Wachsmuth^ thinks that it " cannot in the remotest degree be homologised " with the

ventral side of the Neoerinoids. " The solid dome forms, as I think I have proved, a

continuation of the radial and interradial series of the dorsal side, and serves merely as a

covering and protection for the organs underneath. It is in every sense of the word

aboral, and forms a part of the abactinal system' [while the actinal system], which being

already reduced in the Pentacrinidae and Comatulse to a narrow tentacle furrow, recedes

in Palaeozoic Crinoids one step farther and disappears within the solid walls of the body.

The actinal system here consists externally only of the arm furrows, whence it continues

underneath the vault. These Crinoids, therefore, are evidently of lower development and

belong to an inferior type. . . . The Palaeozoic Crinoids, embracing therein aU true

Crinoids in which the actinal side is closed, represent the young stage of growth of the

living types." Elsewhere Wachsmuth* speaks of the ventral covering of Actinocrinus

' Revision, part i. p. 6. ^ Amer. Joum. Sci. and Arts, vol. xiv. p. 190.

3 The words enclosed in brackets were unfortunately omitted in the original, thereby coulusing the author's

meaning not a little.

* Revision, part ii. p. 14. _
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aud its allies as forming "a free arch wliicli braces the entire oral side of the body

without the aid of oral plates."

The use of the term " aboral " as applied to the vault is somewhat unfortunate, for it

actually does cover in the mouth ; while the plates of the opposite or dorsal side of the

body have generally been called aboral by ^Titers on Echinoderm morphology. Wach-

smuth himself applies this expression to the plates of the cup up to the level of the arms.

In like manner he gives the name " apical dome plates " ^ to " a system of plates in the

vault which occupy a position analogous to that of the apical plates of the calyx ;
" viz., a

central plate, with a proximal ring of interradial, and a distal ring of radial plates disposed

regularly around it. These must be carefully distinguished from the dorsocentral, basals,

and radials, which are the apical plates of the calyx ; and, as mentioned above, have definite

homologues in the apical system of Urchins and Stellerids. [See Appendix, Note A.J

The suggestion of Wachsmuth and Goette that the Palajocrinoids represent a

comparatively early stage in Crinoid ontogeny, before the opening of the tentacular

vestibule to the exterior, has been very generally accepted. But it must be borne in

mind that though the PalEeocrinoids may be considered as permanent larval forms with

respect to the closure of the actinal side, yet that in other respects they have developed

to a far greater extent than any Neocrinoid. The solid vault of an Actinocrimis is a

structure sui generis, unless, as I believe, its proximal ring of interradial plates is

represented by the orals of a Neocrinoid. The extraordinary development of arms or of

other appendages which we find in forms like Callicrinus, Pterotocrinus, Ollacrinus,

Eucalyptocrinus, Crotcdocrinus, &c., is entirely without a parallel among the more

regular and symmetrical Neocrinoidea. We must be careful therefore not to make too

much of the one or two embryonic characters presented by the Palseocrinoids, as com-

pared with the facts of their great complexity of structure and immense variety of form.

The simplest type of summit to be met with in any Palajocrinoid is that presented by

the Devonian genus Haplocrinus, which remains permanently in the condition of a very

early larva. For the orals, together with certain upward processes of the radials on

which they rest, form a closed pyramid just as in an early Pentacrinoid. There are five

openings which lead in Ijeneath this oral pyramid and correspond to the points of

attachment of the arms ; but its apex is completely closed so that there is no external

mouth. The lines of suture between its component plates are generally marked by deep

grooves which descend from the closed apex to end below at the radial openings.

"Wachsmuth and Springer call them compartments for the reception of the arms, while

they have been described by ZitteP as " nach unten geschlossene, nach oben ofi"ene

Ambulacralfurchen."

This appears to me to be a mistake, and I do not see any reason for supposing that

these orals were ever covered in by plates as he elsewhere suggests.

1 Revision, part i. p. 28. 2 Palieontologie, p. 347.
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If, as Zittel supposes, the ambulacra of the arms were contimied past the radial

openings and up the steep sides of the oral pyramid, which is closed at the apex, how did

they reach the peristome underneath ? Did not food-grooves and the subjacent

ambulacral structures pass in beneath the oral j^yramid at the radial openings, so as to

reach the mouth and the vascular and nervous rings around it, just as they must have

done beneath the dome of Actinocrimis ? It appears to me that Haplocrinus is

permanently in the condition of a Pentacrinoid larva with a closed tentacular vestibule ;

though in other respects, such as the attachment of the brachial plates by muscles ^ and

ligaments above a perforated articular ridge, it presents an advance upon that condition.

There is an important feature in the structure of the oral pja-amid of Haplocrinus which

has long escaped notice. Goldfuss^ long ago described the furrows which mark the

sutures between the oral plates, and went on to say "wo diese im Scheitelpuncte

zusammenstossen, steht ein rundes Knopfchen." This is quite clearly shown in his figures,

but has attracted no attention from subsequent workers. Lately, however, it has been

discovered by Mr. "Wachsmuth that there is really a small but distinct plate in this

position, occupying the central portion of the summit of the oral pyramid. I am indebted

to him both for the opportunity of verifying this observation by examination of his

s^jecimen of Haplocrinus mespiliformis, and for permission to make use of it in this

chapter. This plate is one of considerable importance in its morphological relations. In

accordance with the views which I have expressed elsewhere,^ I believe it to be the

representative on the actinal side, or left larval antimer, of the dorsocentral plate which

is developed in the centre of the right antimer or abactinal side of Urchins, Stellerids, and

Crinoids. I have reason to think that this belief has been adopted by Mr. Wachsmuth
not only so far as regards Haplocrinus and Si/mbathocrinus, but also for the Platycrinidse

and Actinoerinidse as well. The orals, as shown by Goette,* are the actinal repre-

sentatives of the basals, being developed spirally around the left vaso-peritoneal tube
;

while the basals, like the so-called genitals of Urchins and Starfishes, appear in a spiral

around the right peritoneal tube. They are disposed interradially, and rest in most cases

directly against the dorsocentral ; while the orals of Haplocrinus, also interradial, rest

against the single plate discovered by Wachsmuth, which occupies a central position in

the summit, immediately above the peristome, as in so many other Paleeocrinoids. I

propose to call it the " orocentral."

In the remarkable series of specimens of Allagecrinus^ which have been obtained by

the collectors of the Geological Survey of Scotland, the smallest and least developed

individuals are in the same morphological condition as Haplocrinus, or perhaps even in

a more primitive one. The calyx is covered by a round dome of oral plates, which rests

' Schultze, Echinodermen des Eifler Kalkes, p. 105.

2 Petrefacta Germanise, Theil. i. p. 214, tab. Ixiv. figs. 66, 6c.

s QuaH. Journ. Micr. Sci., 1879, vol. xix., N. S., pp. 179-182; 1884, vol. xxiv. p. 14.

* Loc. eit., p. 621. ° Ann. and Mag. Nat. Hist., 1881, ser. 5, vol. vii., pp. 282-289.
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on the summit of the radial pentagon. Although I have examined a large number of

individuals with especial reference to this point, I have not succeeded in finding any

trace of an orocentral plate. At the centre of the upper edge of each radial is a minute

opening which leads inwards beneath the dome ; but there is no arm-facet corresponding

to this opening, still less a first brachial resting on the radial as is often found in

Haplocrinus. The dome is rounded and smooth, and not marked by any radiating

furrows like that of Haplocrinus, so that the ambulacra must have passed in beneath it

over the upper edges of the radials. Why then may we not suppose them to have done

the same in Hap)loGrinus ?

In the larger specimens of AUagecrinus the orals are smaller relatively to the radials,

the upper edges of which have minute semicircular arm-facets ; while the ambulacral

openings above these facets are relatively larger. In the next stage of development the

orals are still more reduced relatively to the radials, which bear distinct articular facets

for the attachment of the brachials by means of muscles and ligaments around a perforated

transverse ridge, just as in any recent Crinoid. Even in these individuals, however,

which must have had fairly well developed arms, the relatively small oral pyramid is still

closed, just as in the early Pentacrinoid and in Haplocrinus.

Another form which remained permanently in the same condition, but had even better

developed arms, was Symhathocrinus. For the so-called " apical dome plates"^ (which I

regard as orals) rest directly upon the upper edges of the articular faces of the radials ;

and they form a closed pyramid or dome with five radial or ambulacral openings, one

between every two orals. While, however, the orals of AUagecrinus form the whole

dome, its centre is occupied in Symhathocrinus by a single orocentral plate, around

which the orals are grouped, just as in Haplocrinus. For the knowledge of this import-

ant fact and permission to make use of it here, I am again indebted to Mr. Wachsmuth,

who will shortly describe it more fully. He is, I believe, disposed to agree with me in

considering the central plate as an orocentral, and the cii'cle of ajiical dome plates around

it as orals, homologous with those of Haplocrinus, AUagecrinus, and the Pentacrinoid.

This dome of oral plates in Symhathocrinus is only very rarely found preserved ;
but

its discovery by Wachsmuth is of extreme importance in many ways ; while it indicates

that although no dome has been met with in the two largest specimens of AUagecrinus,

its absence may be only accidental and not natural.

On the other hand, there is the possibility that the dome of oral plates m AUagecrinus

became separated from the radials by the growth of intervening perisome, just as the

orals are in all recent Crinoids except Holopus ; though whether they also separated from

one another so as to open the mouth to the exterior, must remain undecided for the

present. It is of course possible that they may have separated from one another without

being removed from close proximity to the radials, just as is the case in Holopus ; and

1 Revision, part ii. pp. 17, 67.
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they might then have been lost after the decay of the perisome uniting them. Those of

Holopus were retained in the dry specimen which was figured by Pourtales,^ and

subsequently by Sir Wyville Thomson ; and the condition of the Palaeozoic Coccocrinus

seems to me to be entirely explained by that of the recent Holopus.

Wachsmuth and Springer^ describe it as follows :

—
" In well preserved specimens of

Coccocrinus, the vault is constructed of five large oral plates, which rest upon five

interradial pieces. The oral plates are not in contact laterally, but leave five slits, which

in the fossil have no floor nor covering, and leave an open space in the centre." They

are strikingly similar to the orals of the recent Hyocrinus (PI. VI. figs. 1-4), as has been

pointed out by Zittel ; and the resemblance to the orals of Holopus (PI. III. fig. 2) is still

greater, as the latter rest directly against the calyx plates, which is not the case in

Hyocrinus. In both the recent forms and also in Thaumatocrinus (PI. LVI. fig. 5) the

clefts between the triangular oral plates are open and uncovered, as in Coccocrinus.

Schultze^ follows Roemer in thinking that these slits do not penetrate into the cavity of

the calyx ; but that they were hollows for the reception of the arm bases, as in

Eucalyptocrinus. But Wachsmuth, having examined Schultze's specimens, states

distinctly that these grooves have no floor. He says in the Revision (part ii. p. 17) that

'•' the similarity to Hyocrimis is probably merely superficial, as the lateral grooves in

Coccocrinus were evidently {why ?) closed by additional plates as in other Platycrinidse,

while they are open in Hyocrinus." Again " it is evident that the central space and

open furrows were covered in the animal as in similar genera." The oral plates " do not

join laterally nor in the centre, but leave a median space and lateral sUts, which in perfect

specimens were doubtless closed, the one by the apical dome plates and the slits by small

marginal pieces." . ..." In Coccocrinus a covering of the ambulacral groove has not

yet been observed, but, judging from the fissure between the oral plates, it probably rested

just upon their edges, and formed an intermediate link between the vault structure of

the Cyathocrinidse and Platycrinidse."*

When Wachsmuth wrote the passages which have been quoted above, he held, like

Zittel and myself, that the five large triangular plates which rest on the primary inter-

radials of the calyx are homologous with the orals of recent Crinoids. He has since,

however, come to the conclusion that " Coccocrinus had externally no oral plates, its so-

called orals are secondary interradials, and mouth and food-grooves were covered by

supra-oral plates " (Extract from Letter). I must confess that I greatly doubt the

existence of this additional covering in Coccocrinus, which seems to Wachsmuth so

evident ; for I find it diflicult to believe that the " Scheitelstiicke," as Sehultze called

them, are not oral plates like those of the Neocrinoids. It is of course possible that their

resemblance to the orals of Holopus, Hyocrinus, and Tliaumatocrinus is simply an

> Hassler Crinoids, pi. x. fig. 9. ^ Eevision, part ii. pp. 17, 58.

3 Op. cit, p. 89. * Kevision, part ii. pp. 17, 30, 58, 59.
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accidental one, and that I am inclined to attach too much importance to it
;
and in that

case I should certainly agree with Wachsmuth in calling them secondary interradials.

One point, however, is worth notice. The orals of Tliaumatocrinus, like those of

HyocHnus (PI. VI. figs. 1-4 ; PI. LVI. fig. 5), are only separated from the calyx plates

by the thin band of perisome round the edge of the disk, which develops in the equatorial

zone of the larva, concurrently with the increase in the diameter of the cup. These

genera are thus in the condition of the advanced Pentacrinoid of Antedon rosacea, the

oral circlet of which, owing to the increase in the size of the visceral mass, becomes

detached from the summit of the primary radials ; and the space between the two series

is filled by the perisome of the equatorial zone, which separates the right and left laxvdl

antimers. in
In the early stages of Hyocrinus, before this process had taken place, the orals would

rest dii-ectly against°the upper edges of the radials, as they do in Holopus (PL III. fig. 2),

but in Thaumatocrinus they must rest against the primary interradial plates. They

would thus be in precisely the same relative position as the " Scheitelstucke " of Cocco-

crinus ; but I do not think that when a young Tliaumatocrinus is found in this condition

Wachsmuth wdll call the oral plates "secondary interradials"; though he uses this term

for the plates of Coccocrinus which I, like AUman and Zittel, consider as representmg

the orals of Neocrinoids, including Thaumatocrinus.

If then the " Scheitelstiicke " of Coccocrinus be oral plates, there are strong

morphological reasons against the supposition that the ambulacra which pass in between

them were closed by smaU marginal pieces, i.e., by covering plates like those which occur

so frequently on the arms and pinnules of many Neocrinoids (PI. Vc. figs. 8-10;

PI XIII. fio's. 15, 16 ; PI. XVII. figs. 2-4, 7-9) and Palseocrinoids, and on the summit

oi Cijathoctinus.' Why should we invoke the existence of a "vault" over the orals of

Coccocrinus, simply because it is a PaliBOcrinoid 1 There is nothing of the kind in the

recent Holoims which dates back to the Chalk; while the alUed genera Cotylecrinus,

Sudesicrinus, and Eugeniacrinus are almost as old as the Mesozoic period. In no recent

Crinoid nor in the Pentacrinoid larvse of those species which have covering plates to the

ambulacra do these plates rest upon the edges of the orals. They commence at the

margin of the peristome which is covered in by the orals, but there are none bordermg

the edges of the grooves between these plates.

It °is partly, I believe, owing to his feeling the force of this objection that Mr.

Wachsmuth prefers to consider the " Scheitelstucke" of Coccocrinus as secondary mter-

radials, rather than as orals. When he has found a specimen showing the small pieces at

their edges, I shall probably agree with him. But for the present I am inclined to lay

more stress on the resemblance of the " Scheitelstucke " of Coccocrinus to the orals of

Neocrinoids; although, according to Wachsmuth,^ " this resemblance is probably merely

1 Revision, part ii. p. IT.

li ''1

(ZOOU CHALL. EXP. PART XXXII.—1884.)
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superficial, as the lateral grooves in Coccocrinus were evidently closed by additional

plates as in other Platycrinidae, while they are open " in Neocrinoids. But the existence

of these additional plates does not seem to me so evident as it does to him. He attempts

to support his position by reference to a "close resemblance" between the summit

of Coccocrinus and that of the Cyathocrinidae, which he describes as foUows :^—"Calyx

surmounted by five large oral plates, with a central opening between them, and forming

at their sutures five shallow ambulacral grooves converging toward the centre. Central

opening covered by the apical dome plates, and the five grooves arched over by two rows

of small immovable pieces alternately arranged."

The so-called oral plates of this description are those which Wachsmuth had previously

called " consolidating plates," thinking them to be homologous with the plates of the

same name in Cupressocrinus. He subsequently came to the conclusion, as did Zittel

about the same time, that they are homologous with the orals of the Pentacrinoid ; and

he therefore also spoke of them by this name. He likewise regarded the deltoid pieces of

the Blastoids in the same way. I must plead guilty to having also adopted this view,

which had much to recommend it at first sight. I did not do so, however, without con-

siderable hesitation, on account of one morjihological difficulty which it involved. For

the ambulacra would then pass over and not between the edges of the oral jilates, which

would bear a double row of marginal pieces or covering plates continuous with those on

the arm-grooves. This, as pointed out above, is contrary to the nature of the oral plates

of Neocrinoids ; and the result of the correspondence on the subject between Mr. Wachs-

muth and myself is that we can no longer regard either the deltoid pieces of the

Blastoids or " the principal vault pieces " of Cyathocrinus (as Meek and Worthen call

them) as representing the orals of Neocrinoids. I am now disposed to consider that

" Cyathocrinus and the Blastoids have but one interradial plate, which reaches up to

the peristome." Mr. Waehsmuth's first criticism of this statement was that " it expresses

exactly my views."

I believe, however, that his views have since undergone some further modifications,

as he will himself explain in the forthcoming part (iii.) of his Revision.

But the question of the structural resemblance between Coccocrinus and Cyathocrinus

is independent of the nomenclature of the plates. It is one of some importance in its

bearing on the belief of Zittel and myself on the condition of the mouth in the former

type and its relation to that of Neocrinoids. In the first place, as pointed out by Wachs-

muth and Springer,^ Cyathocrinus has only one plate resting " against the incurved

upper margins of the radials
;

" while in Coccocrinus the primary interradial bears a

triangular plate, which they now consider as a second interradial, though formerly

regarding it as an oral plate, as do Zittel and myself. The central opening in

Cyathocrinus is much larger than in Coccocrinus, owing to the truncation of the

' Revieiou, part i. p. 68. ' Ibid., part ii. p. 17.
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principal vault pieces or interradials, as they were also called by Meek and Worthen.'

The grooves which converge upon it are not like those of Coccocrinus "which have

no floor," * but they are formed at the sutures of the interradials, i.e., the apposed edges

of these plates are bevelled away so as to form a groove with the suture in the middle of

its floor.

According to Wachsmuth and Springer,' the central space " in perfect specimens is

completely covered by the apical dome plates. The food-groove and ambulacral canal

are also arched over solidly by two rows of alternate plates which connect with the

movable covering of the arm furrow." The existence of these marginal alternating

plates has yet to be proved in Coccocrinus, and until this has been done, the resemblance

between this type and Cyathocrinus does not seem to me to be very " close," for while

the arm-grooves of Cyathocrinus are continued towards the peristome over the united

edges of the interradials, this is by no means the case in Coccocrinus ; and there is no

groove on the ventral disk at all, any more than' there is in Holopus, or in any young

Crinoid before the separation of the orals and radials by the expansion of the equatorial

zone. The fact that the principal vault pieces of Coccocrinus are not united laterally, as

is the case in Cyathocrinus, seems to me to be one of very considerable morphological

importance. It must of course be remembered, as Wachsmuth has pointed out in other

cases, that the absence of a covering to the central space and its radial clefts in the fossil

Coccocrinus is no proof that it was not present during life as in Cyathocrinus. But the

two genera are not in the same morphological condition, and all that we knotv about

Coccocrinus goes to indicate its resemblance to Holopus with open slits between the

orals and an uncovered mouth. Wachsmuth,* however, states that he has " yet to

discover a single palaeozoic genus in which a special oral aperture has been identified, or

in which the existence of a solid vault has been disproved, or cannot be traced by

analogy." I believe, on the contrary, that the special oral aperture is to be found in

Coccocrinus as in Holopus, and that it is pushing analogy too far to assert the existence

of an as yet undiscovered vault in this genus.

If then, as I believe, there was an unobstructed mouth in Coccocrinus as in Holopus,

I cannot agree with Zittel's association of this type with Haplocrinus, which had a closed

oral pyramid.

Wachsmuth and Springer* place Coccocrinus near Platycrinus. "The two genera

are identical in the construction of the calyx, and the summit really forms the only

distinction between them." To this point I shall return. Coccocrinus, like the recent

Holopus, seems to me to be permanently in the condition of a Crinoid larva in which the

orals have not yet moved away from the radials, though separated from one another.

Haplocrinus and Symbathocrinus are permanently in the condition of an unopened

1 Palaeontology of Illinois, vol. v. pi. ix. fig. 13. ' Revision, part ii. p. 58.

' Revision, part i. p. 84. * Amer. Journ. Sci. and Arts, vol. xiv. p. 190. ' Revision, part ii. p. 58.
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Pentacrinoid ; while the apical dome plates in the Cyathocrinidse, to which reference has

been made already, as covering the central opening of the summit, do not reach anything

like either the size or the regularity of arrangement that is to be found in the plates

which have been described by Wachsmuth under the same name in other Palseocrinoids.

In the Blastoids, with the exception of Eleacrinus, they are generally small and irregular

as in Cyathocrinus; but in the Platycrinidse, Actinocrinidse, and Rhodocrinidse they form

a group of seven plates in the centre of the vault. The central plate is surrounded by

six others, four of which are of equal size, while the remaining two are smaller. They

are separated by the anal tube, and correspond to a single plate, just as Eleacrinus has

the deltoid piece on the anal side divided into two parts, which are separated by the anal

opening and its supporting plate.

Professor Alhnan^ pointed out long ago that many Palseocrinoids have a group of

plates in the centre of the vault, which is nothing but a more or less extensive develop-

ment of the simple oral system of the young Comatula. This pregnant suggestion refers

to the seven apical dome plates of Platycrinus and Actinocrinus which correspond

as I believe to the orocentral and five orals of Ha'plocrinus and Symhathocrinus, having

been developed like them on the left larval antimer ; while the rest of the vault in

Actinocrinus is a further extension of this oral system, which is unrepresented in the

Neocrinoids. Thus then, though Platycritiiis and Actinocrinus are in the condition of

having the tentacular vestibule and peristome permanently closed, just as in Ha])lo-

crinus, yet they have undergone an immense development upon this condition as a basis.

The tentacular vestibule in the Pentacrinoid larva is merely the peristome concealed

beneath the oral pjrramid ; l:)ut in Actinocrinus it is greatly enlarged so as to take in the

whole surface of the disk ; and the ambulacra passed over this surface towards the

central mouth from the periphery of the disk, where they entered the dome from the

arms through the well known arm-openings or ambulacral openings. These gave passage

not only to the ambulacra proper or food-grooves, but also to extensions of the body-

cavity, and to the radiating trunks of the nervous, blood-vascular, and water-vascular

systems. All these last lay between the body-cavity and the food-grooves, and converged

towards their respective circum-oral centres. The upper surface of internal casts of the

vault of Actinocrinus is marked by bifurcating ridges which indicate the position of the

food-grooves radiating from a central peristome, just as in the disk of a recent Antedon,

as has been pointed out by Wachsmuth.^ Traces of these ambulacra are often found in

the interior of the vault. In many cases they were covered in by a double row of

alternating plates just like those of the arms, with which they were continuous at the

arm-openings. They were floored by a double row of plates, and so formed tunnels beneath

the vault, but closed independently of it by the covering plates on their upper surface.

1 On a Prebracliial stage in the development of Comatiila, Trans. Roy. Soc. Edin., 1863, vol. xxiii. pp. 245-251.

2 Amer. Journ. Sci. and Arts, vol. xiv. p. 119.
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I suspect that these tunnels lodged not only tlie food-grooves, but also the nerves, blood-

vessels, and water-vessels ; for no recent Crinoid has any calcareous structure between

the epithelium of the food-groove and the under surface of the water-vessel. But there

is often a tolerably definite plating which extends inwards from the side plates toward the

median line of the ambulacrum, beneath the water-vessel (PI. LIV. fig 11 ; PI. LVII.

fig. 4, sub ; PI. LXII.) ; and I suspect therefore that the lower row of plates flooring the

ambulacral tunnels may be of this nature. Possibly, however, they should be regarded as

subambulacral plates better defined in character than those of recent Crinoids, though I

am inclined to doubt this, owing to their alternate arrangement. Wachsmuth has dis-

covered that the proximal ends of these ambulacral tunnels are connected by a circular

vessel which encloses more or less of the upper part of the convoluted digestive organ.

The lower pa.rt of this structure, with its floor of minute interlocking plates, was obviously

the water-vascular ring ; and the five iuterradial openings in its floor were referred to by

myself in 1879^ as indicating the position of the water-tubes which depend from the

water-vascular ring into the ccelom, and serve to admit water into the ambulacral system,

a view which has been adopted by Zittel. Rhizocrinus lofotensis has only one water-

tube in each interradius, which seems also to be the case in Actinocrimis verneuilianus.

Besides the ambulacral skeleton, we also find in the Pateocrinoids representatives of

the anambulacral plates of Pentacrinus and Comatida. In describing some natural casts

of the visceral mass of Actinocrimis, Messrs. Wachsmuth and Springer^ say "the inter-

palmar fields are composed of a soft skin, liut although this is more or less encrusted with

limestone particles, which sometimes almost look like vault pieces, they have no afiinities

with the plates of the vault
;

" while in some specimens of the Actinocrinidee ' " almost

the entire test is lined with a delicate calcareous plexus or network. This lining is not

in contact with the test directly, but connected with it by small partitions, producing

innumerable little chambers, which communicate with each other and with the visceral

cavity The structure extends but little below the region of the second radials,

leaves passages at the arm-openings, and toward the vault " reaches to a place near the

median portion of the ray, leaving at the centre an open space in the test which is

occupied by the central vault piece." This open space, lying beneath the central one of

the apical dome plates and iniiting the five ambulacra, was evidently the peristomial area

like that of recent Crinoids (PL XVII. fig. 10 ; PI. XXVI. figs. 1,2; PL XXXIX. fig. 2 ;

PI. L. fig. 2 ; PL LV.) ; while the calcareous network within the vault is divided by the

ambulacra into five interpalmar fields. It corresponds to the limestone particles on the

surface of the internal casts, and represents the anambulacral plates developed in the

perisome of recent Crinoids.

These important observations go to show the complete resemblance between the

' Quart. Journ. Micr. Sci., 1879, vol. xix., N. S., p. 185.

^ Eevisiou, part ii. p. 31. ^ Revision, part ii. p. 26.
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ventral perisome of a recent Crinoid and tlie upper surface of the body beneath the vault

of an Actinocrinus. Both had plated ambulacra and anambulacral plates. The admitted

resemblance of the interpalmar anambulacral plates of the Actinocrinite to " vault pieces
"

ijs another point in favour of the view which I take of the so-called vault in the Ichthyo-

crinidse. I believe this to be a true " ventral disk " similar to that of Pentacrinus, and

not in any way homologous to the sohd vault of the Actinocrinida3.

In describing the Palseocrinoids, Wachsmuth uses " vault," " summit," and " ventral

disk" as synonymous terms.' This is somewhat unfortunate, as tending to lead to con-

fusion.

The expression " oral disk " or " ventral disk " is universally used to denote the upper

surface of the visceral mass of a Crinoid, i.e., that in which the mouth is placed, with the

food-grooves radiating outwards from the peristomial area around it. Wachsmuth speaks

of this surface as the " soft or ventral peristome " {perisome ?), and says that it cannot in

the remotest degree be homologised with the solid vault of the Palajocrinoids. Hence his

occasional reference to this vault as a ventral disk is a little confusing ; and his use of the

word "interpalmar" is equally so.

He sometimes employs it' to denote the interradial spaces between the ambulacral ridges

on the upper surface of the casts of Actinocrinus. This surface corresponds to the ventral

disk oi Pentacrinus ; and "interpalmar" is here used by Wachsmuth in the same sense

as it was by Miiller, i.e., for the " interradialen Felder zwischen den Tentakelrinuen.

"

When therefore he employs "interpalmar" to denote the interradial plates of the vault,^

its meaning is entirely different ; for the vault was a dome of solid plates, completely

concealing the mouth, food-grooves, and interpalmar areas on the ventral disk.

The vault and ventral disk are, to my mind, entirely distinct structui'es. The former

is necessarily formed of closely-fitting solid plates ; while the latter, Ipng beneath it,

may be bare as in many Comatulse, or more or less completely plated as in Actinocrinus

and the Pentacrinidae. But no recent Crinoid, not even Thaumatocrinus, has anything

like a dome or vault rising above a ventral disk. Numerous specimens are known with

the covering plates at the sides of the food-grooves closed over them so as to convert them

into tunnels (PI. XVH. fig. 6 ; PL LV. figs. 3-7). But this was also the case beneath the

A^ault of Actinocrinus. Sometimes, indeed, the plates of the disk may be so closely set that

the opening of the mouth, which may be large in other specimens, is nearly or quite con-

cealed, as in the so-called recent Cystidean Hyponome (PL LIV. fig. 10 ; PL LV.

figs. 4, 5, 7). But this is in no way comparable to the embryonic closure of the mouth

before the separation of the valves of the oral pyramid. It is only in this and similar

cases that I admit the presence of a vault, dome, or tegmen calycis. This structure

reaches its fullest development in the Actinocrinidse and Platycrinidse ; though Haplo-

1 AriuT. Journ. Sci. and Arts, vol. xiv. pp. 181, 185. Kevision, part i. pp. 5, 32, 54
;
part ii. p. 53.

^ Revision, part ii. pp. 26, 27, 31. ' Revision, part ii. pp. 64, 107.
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crinus and SymbatJiocrinus had a more or less rudimentary one, consisting of an

orocentral and five oral plates only, without any radial extensions.

The vault of the Actinocrinidse is much more complex than in the Platycrinidse and

Rhodocrinidse ; but its relations to the internal organs are so much better understood

than in these families that it may well be considered first. This is more especially the

case, as certain parts of Wachsmuth's generalised descri^^tion of the vault of these three

families apply to the Actinocrinidee only, and occasionally even to some genera only.

It has been stated above that the vault of the Actinocrinidse formed a solid roof or

dome over the oral surface of the visceral mass, which was covered with ambulacral and

anambulacral jjlates like the disk of a Pentacrinus. "Wachsmuth has discovered that

whatever the size and extent of the vault the apical dome plates are invariably present.

"They consist of a central piece, occupying a position directly above the oral centre,

which in this family is quite uniformly the centre of the disk. It is surrounded by six

proximal plates, interradiaJ in position, of which four are large and equal, and two smaller.

The four large plates are placed above the four regular interradial spaces respectively

;

the two smaller ones, which are equivalent to and take the place of one large plate, are

directed posteriorly, being separated from each other by anal plates or the proboscis. . . .

There are other vault pieces occupying a radial position which are either in contact with

those just described, or, as is more frequently the case, separated from them by a belt of

small pieces. Their number varies considerably among species, and depends upon the

number of primary arms, without reference to the number of bifurcations after they

become free. They increase in proportion to the number of primary arms, in the same

manner and on the same principle as the plates of the calyx, each order of radials has its

corresponding plates in the vault. . . . There are also interradial plates represented

in the summit, occupying intermediate spaces between the radials, but tlieu- arrangement

is very iri'egular and their number variable."^ The number of these interradial plates

depends greatly upon the age of the individual, and is therefore very uncertain ; but as a

general rule the number of summit plates increases regularly with that of the primary

arms, just as that of the calyx plates does. The above statements, though true enough

for the Actinocrinidje, are scarcely so accurate as regards the Platycrinidee.

This discovery of Wachsmuth's respecting the distribution of the radial dome plates

in the Actinocrinidse is of enormous importance for the proper comprehension of the true

nature of the vault of a Palseocrinoid ; and, taken in connection with the embryological

work of Goette, throws much light on the morphology of the Crinoids, and indeed of

Echinoderms generally.

By far the most interesting of these summit plates are the "apical dome plates " in the

centre, which Wachsmuth says are relatively larger in young specimens. This and other

considerations led him to point out their resemblance to the apical plates of the aboral

' Revision, part ii. pp. 14, 15.
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side, wHch are of. equally fundamental importance in the calyx.^ " The six proximal

plates surrounding the central piece represent the basals or genitals, and the radial dome

plates the radials or oculars. The centre piece may perhaps be compared with the

underbasals, or the subanal plate of the Echini." In an earlier statement of these

homologies^ no " perhaps " was used respecting the nature of the central actinal plate

;

and I have pointed out that while accepting Wachsmuth's^ comparison to the full extent,

as regards the radial and interradial plates in the centre of the dome, I cannot follow him

in his recognition of the dorsocentral, nor of its fellow, the orocentral, as homologous with

under-basals.* His views, as expressed in the Eevision, are essentially those of Loven,

formerly also held by Agassiz, when allowance is made for the different systems of

nomenclature used by him and by them. I have endeavoured to show elsewhere that

there cannot be a true homology between a dorsocentral plate which is single from the

first, and the five under-basals of a dicycHc Crinoid. These are by no means universally

present, as one would expect them to be, did they correspond to the dorsocentral of the

Echinozoa, which is such a prominent object in the larva of an Urchin, Starfish, or

Ophiurid ; while representatives of the under-basals of Crinoids are actually present, to-

gether with a dorsocentral plate, in some Starfishes and Ophiurids.* The dorsocentral

is developed at the distal end of the right peritoneal tube ; and as there is a plate

occupying the same position in the Crinoid laiwa, viz., the future terminal plate at the

base of the stem, it is only natural to regard the two as homologous, as pointed out by

myself in 1878. I am glad to find that this view has commended itseK to Dr. Liitken*

and also to Sladen ; and I understand from Mr. Wachsmuth that he is now in accordance

with me respecting the homologies of the central vault piece, considering it as representing

the dorsocentral of Echinoderms generally, and not the under-basals of those Crinoids in

which these plates occur. [See Appendix, Note A.] His view of the proximal inter-

radial dome plates of the Actinocriuidte, however, is entirely difi"erent from that here

advocated, and will shortly be published in extenso by himself; whUe he has also

abandoned his suggestion that the interradial dome plates in the Actinocrinidse, Platy-

crinidse, and Rhodocrinidse are " the homologues of the oral plates, which are here broken

up, and represented by five plates instead of one.* This relieves me from the necessity

of discussing it here, as I had otherwise intended to do.

My own idea of the homologies of the calyx and dome plates of Crinoids is expressed

in Table VH.

1 Revision, part ii. pp. 15, 16. ^ Amer. Journ. Sci. and Arts, vol. xiv. p. 189.

3 QicaH. Journ. Micr. Sci., 1878, N. S., vol. xviii. pp. 369-371; 1879, vol. six. pp. 181, 182; 1882, vol. siLi.

pp. 377, 378.

* See Sladen, On the Homologies of the Primary Larval Plates in the Test of Brachiate Echinoderms, Quart.

Journ. Micr. Sci., 1884, vol. xxiv., N. S., pp. 32-36 ; also, The Apical System of Ophiuricb, ibid., pp. 3-15.

' Dyreriget, en Haand- og Laerebog tQ Brug ved hpiere L»reanstalter, Kjpbenha\Ti, 1882, p. 597.

° Eevision, part ii. p. 17.
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I regard the inner ring of interradial dome plates (proximals) in the Actiuocrinidse

and Platycrinidse as representing the orals of a Neocrinoid, or of Symhathocrinus,

Haplocrinus, and the young Allagecriims. This view was first suggested in 1879/ and

all that has since been written on the subject by Wachsmuth and Springer, who have

not discussed it in any way, has only served to make me more confident of its truth.

In the first place, Wachsmuth himself has recognised from palaeontological evidence

the close similarity between the proximal interradial plates of the actinal and abactinal

systems respectively. Those of the abactinal system are the basals, which in Actino-

crinus and Cyathocrinus " develop very early in the young, and attain almost their full

Table VII.

—

Showing the Mutual Homologies of the Principal Plates in the Actinal

and Abactinal Systems of Echinodermata.
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Crinoicl. Did it appear, it would only be in the way, and have to undergo resorption to

a greater or less extent, just as the dorsoeentral of many Urchins is more or less com-

pletely resorbed after the appearance of the anus.

As regards the recent Crinoids, therefore, the embryological evidence clearly indicates

that the basals of the abactinal system are represented in the actinal system by the orals.

The former are within the ring of radials and next to the dorsoeentral ; and it seems

therefore only natural to regard the six proximal interradial plates surrounding the

central piece (orocentral) in the vault of a Palaeocrinoid as representing oral plates.

Wachsmuth admits that Zittel was right in regarding the interradial plates which

form the dome of Haplocrinus as representing the orals of Neocrinoids ; and he takes

the same view of the interradial plates in the dome of Symhathocrinus. I should have

thought therefore that he would have given a similar interpretation of the summit })lates

in Platycrinus and Culicocrinus. Those of the latter genus were described by Midler as

follows :
—

" Der Scheitel besteht aus 5 Tafeln, welche dicht an einander schliessen durch

Nahte und anderseits bis an die Arme und die InterradiaUa reichen, sie stehen librigens

interradial, so dass jedes Interradiale zu einem der funf Scheitelstiicke stimmt. Der

Mund {cf. anus) befindet sich seitlich in einem Interradius zwischen dem Interradiale

und entsprechenden Scheitelstuck. Auf jeder der 5 Scheiteltafeln erhebt sich ein

kurzer Dorn," ^ Wachsmuth calls these " Scheitelstiicke " of Miiller's the proximal vault

pieces, and suggests that " probably his largest plate includes four plates, the spiniferous

central vault piece, the two proximal vault pieces, and a small anal plate between them.

The four large proximal vault pieces, each crowned with a spine, are no doubt correctly

represented. Those few plates occupy the greater part of the summit, leaving but little

space for the radial dome plates, which as yet are unknown."

'

I think myself that this suggestion is totally unnecessary ; for the five summit plates

appear to me to form a closed oral pyramid in which the plate on the anal side is somewhat

wider than its fellows, l^ut not divided into two as in the Actinocrinidse and Platycrinidse.

Culicocrinus has the proximal dome plates resting against the calyx interradials, just

as the orals do in Coccocrinus. But no distal ring of radial dome plates is known in

this genus. This advance in complexity is presented by certain forms of Platycrinus from

the Carboniferous limestone, both at Burlington and at Bollaud. Miiller gave some

figures of the latter under the name of Platycrinus ventricosus, Goldfuss, which is

certainly wrong ;^ and I have examined several specimens in the British Museum collec-

tion which are in this comparatively primitive condition. The proximal dome plates rest

directly against the calyx interradials,* that on the posterior side being represented by
two small plates with the anus between them ; while there is a more or less tubercular

1 Verhl. d. Naturhist. Verein. d. preuss. Eheinl., Bd. xii., Jalirg. 1855, p. 23.

' Revision, part ii. p. 62. 3 -g^^ ^jgg Pentacrinus, loc. cit., Taf. vi. figs, la, 16.

* It is only just to Mr. Wachsmuth for me to state here that he was the first to direct my attention to the fact that

Platycrinida; exist with the proximal dome plates resting directly against the calyx interradials, two individuals in this
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riug of radial dome plates outside them. These proximal dome plates thus correspond

exactly to the orals of Si/mhathocrinus and Haplocriniis, covering in the peristome and

resting against the calyx plates, which in the Platycrinus are the interradials, and not

the upper edges of the radials, as in the simpler forms.

The disk underneath was therefore larger, owing to the greater width of the cup, and

an additional ring of plates, the radial dome plates, was necessary to protect it.

Wachsmuth admits the homology of these with the calyx radials, which are separated

from the dorsocentral by the basals ; and I cannot therefore see what other view can be

taken of the proximal dome plates which immediately surround the orocentral, than to

regard them as orals, i.e., as the actinal representatives of the basals, like the correspond-

ing plates in Symbathocrinu.s. If this be admitted, it follows that the proximal dome

plates of all Platycrinidse, Actinocriuidse, and Rhodocrinidae are also homologous with

the orals of Neocrinoids.

In most Platycrinidte the primary radial dome plates are succeeded by others of a

different character, which do not precisely correspond to the various orders of calyx

radials, as will be mentioned later ; but in the Actinocrinidse the correspondence between

the actinal and abactinal sides is very complete. Thus in Stelidiocrinus capitulum ^ the

orocentral and six proximals (orals, mihi) take up almost three qiiarters of the summit,

the remainder of which is occupied by a single anal, and three radials to each ray,

the two outer ones being very small. AU gradations can be traced from this condition

into the complex vault of a Sirotocnnus, which is described as follows by Messrs.

Wachsmuth and Springer :

—

" The disk is paved by many hundreds of small minute pieces which decrease in size

towards the arms, and which at the outer points of the rays become almost microscopic.

The apical plates are larger, and are separated from each other, but not otherwise

distinguished from the other plates, and hence are not easily identified." ^ In young

individuals, however, there are comparatively fewer summit plates than in the adult.

" The apical and principal radial pieces are larger than the intervening interradial plates

which, exceptionally in this genus, attain by age the same size as the apical and

radial pieces." ^ The same kind of complexity and irregularity as in Strotocrinus,

though not quite so well marked, is characteristic of the summit of Mariacrinus,

Periediocrinus, and Physetocrinus, and also of Marsupiocrinus, which is placed next to

Platycrinus by Wachsmuth and Springer. In Mariacrinus " the vault is composed of

very minute irregular pieces without definite arrangement, even the apical dome plates

are obscure."* In Pliysetocrinus only the proximal dome plates are distinguishable

;

condition having been found by him in the Burlington limestone. He was kind enough to send me one of these for

examination ; and it was only after seeing it that I was struck by Miiller's figures, to which I had previously not paid

very much attention. I have since examined several similar sjiecimens from the Holland limestone.

1 Kevision, part ii. p. 99. ^ Ihid., part ii. p. 159.

3 Amer. Journ. Sci. and Arts, vol. xiv. p. 188. * Revision, partii. p. 116.
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while in Periechocrinus the vault is composed " of small irregularly arranged smooth

pieces, among which the apical dome plates are indistinctly represented."^

All these genera, therefore, resemble Strotocrinus, and from the evidence of that genus

we are entitled to believe that the apical dome plates would be relatively more prominent

at earlier stages of development. Now this is exactly the ease with the orals of recent

Crinoids, which at first surround the whole of the upper surface of the larval body ; but

eventually may be altogether resorbed or gradually reduced in comparison with their

fellows, the basals, as in Rhizocrinus (PI. X. figs. 2, 3, 7).

Thus then I believe the oral or actinal system forming the vault of Actinocrinus to

have been developed on the left larval antimer, in exactly the same way as the apical or

abactinal system is developed on the right ; but the oral system, instead of being limited

to five oral plates as in Neocrinoids, reached a very extensive development, so that in its

completest form it presents such a parallel to the apical or abactinal system as is to be

met with in no other Crinoid, much less in any other Echinoderm.

The greater variability in the development of the proximal plates, and their

occasional separation by smaller intercalated pieces, resembles the extreme irregularity

of the apical system of an Ophiurid, as compared with that of a Crinoid or Ui'chin.^ The

interradial j)lates of the former (or basals) have important relations to the chambered

organ. Those of the Urchin (genitals) are often connected with the genital ducts ; and

the radial plates in the same way have important functions in both groups. In the disk

of an Ophiurid, however, neither interradial nor radial plates are of any functional

importance ; and we find accordingly that their state of development difi'ers very

considerably even in allied species. Much the same is the case in the dome of the

Actinoerinidse, where the plates are not in any way specially related to internal organs,

though serving to protect them.

Wachsmuth totally denies that there is any homology between the solid vault of a

Palaeocrinoid and the ventral or oral disk of a recent form. So far as the Actinoerinidse

are concerned, I entirely concur in this opinion, except as regards those Neocrinoids,

such as Hyocrimis, Thaumatocrinus, and Holopus, which have persistent orals. For I

believe that representatives of these plates exist in the vault of all Palseocrinoids,

whether simple or complex, although they are sometimes very greatly reduced ; and I

cannot therefore agree with ZitteP in considering them as entirely absent in the vault of

Actinoerinidse, Platycrinidse, Melocriuidse, Ehodocrinidse, &c.

The Cyathocrinidae and the Blastoids seem to resemble Strotocrinus and Periecho-

crinus in the small size and want of definite arrangement of the apical dome plates.

Neither in AVachsmuth's famous specimen of Cijathocrinus malvaceus, nor in any of the

Cyathocrinidse figured in Angelin's Iconographia can any definite arrangement of the

1 Eevision, part ii. p. 131. " Quart. Journ. Micr. Sci., 1884, vol. xxiv., N. S., pp. 4-14.

' Palisontologie, p. 331.
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ummit plates be made out. One of the figures' of the " perisoma ventrale" in Cyatlio-

crinus alutaceus shows a central plate with seven others round it ; while in the other,

three large plates meet in the centre of the vault, but no one of them could be considered

as an orocentral. The same may be said of the vault of Cyathocrinus Icevis represented

in tab. xxvi. fig. 35.

As regards the Blastoids I have never been able to trace any definite grouping of

the summit plates, although I have examined a very large number of picked specimens

of Pentremites, Granatocrinus, Schizoblastus, and Orojphocrinxis.

In Eleacrinus, however, the case is difi"erent. There are comparatively fewer plates

over the peristome, and they certainly often do have a definite grouping, five surrounding

a central one as was first described by Roemer.^

No more need be said about the Blastoids, as their ambulacra are in many ways

abnormal, though they have strong points of resemblance to those of the C3^athocriuid8e.

This family is one of special interest, for Wachsmuth ^ says that in the structure of their

vault they " bear closer resemblance to the recent Crinoids than almost any other group,

and seem to hold an intermediate position between modern and Palaeozoic types. If the

alternating plates, covering the furrows, could be turned back at the vault by the

animal, as the Saumplatten of the arms, then the food-groove of these Crinoids was open

throughout, as in recent forms." It is possible therefore that although the mouth and

peristome were subtegminal, i.e., covered in by the apical dome plates, yet the food-

grooves of the body may have been just as much external as those of the arms, and in no

way difierent from those on the disk of a Pentacrinus. As regards the Cyathocrinidae,

therefore, one of the characters on which Wachsmuth relies as separating the

Palaeocrinoids from the Neocrinoids would then have no existence, i.e., the absence of

external food-grooves. I am not prepared to assert, however, nor indeed is Wachsmuth,

that these alternating plates in the radial areas of the vault of Cyathocrinus were

movable, like the covering plates of the disk in recent Crinoids. For it seems to me

quite possible that the closure of the peristome may have been continued outwards on to

the very short calyx-ambulacra, which would then first become open to the exterior at

the bases of the arms. But I have no question as to the homology between the radial

vault pieces in Cyathocrinus, and the covering plates of recent Crinoids, each set passing

continuously into the covering plates of the brachial ambulacra.

According to Wachsmuth 's descriptions of the vault of the Actinocrinidse the arrange-

ment of the radial dome plates is the same as that of the radial calyx plates ; and he is

obliged to admit^ that the alternating radial dome plates which he finds in Cyathocrinus

are " not so readily distinguished as in the Platycrinidfe and forms with free rays, in

1 Op. cit, tab. xxiii. figs. 106, 11.

2 Moiiographie derfossilen Crinoideenfamile der Blastoifleen und Jer Gattuiig Pentatremites im besondern, Archiv

f. Natuniesch., Jalirg. xvii., Bd. i. pp. 377, 378, Taf. v. figs. 16, Ic.

^ Anier. Journ. Sci. and Arts, vol. siv. p. 184. * Revision, part ii. p. 30.
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which they are well marked in the extended parts. In the recent Crinoids the alternate

plates are represented by the ' Saumplattchen,' which, however, instead of forming

a part of a solid vault, are movable, and line the lateral margins of the tentacle furrows."

Now these " Saumplattchen " or covering plates of recent Crinoids are imbedded in

the ventral jjerisome, and Wachsmuth admits that this is represented in the Actino-

crinidee by the interpalmar areas on the upper surface of his internal casts, and in the

calcareous network which lines the interior of the vault. He describes how the ambu-

lacra pass outwards from the peristome within the body, and communicate directly with

the arm-srrooves.

I believe myself that the tubular skeleton beneath the vault, which has thus far been

observed only in the Actinocrinidaj,' represents the covering of the disk-ambulacra of the

recent Crinoids, passing at the arm-openings directly into the ambulacral skeleton of the

arms. The following passage^ seems to imply that Wachsmuth is of the same opinion :

—

" It is now generally conceded that the tubular canals beneath the vault contain the same

organs which in modern Crinoids are exposed on the ventral disk, and like them embrace the

food passages and certain other vessels connected with the ambulacral system." If then the

tubular skeleton beneath the vault correspond to the covering plates of the disk in recent

Crinoids, how can these last be represented by the alternating plates in the dome of the

Actinocrinidse, which, as Wachsmuth himself admits, are not readily distinguishable ?

Another difficulty also presents itself in connection with Wachsmuth's views respect-

ing these alternating plates of the ambulacra. Those on the calyx he considers as vault

pieces ; those on the arms as representing the covering plates of recent Crinoids. But in

another place he tries to prove that they are rudimentary pinnules, a question which has

been already discussed.^

Now it is obvious that the plates covering one end of an ambulacrum cannot be vault

pieces, while those at the other end are covering plates or rudimentary pinnules-—they

cannot be both. It appears to me tolerably certain that the whole series of regular

alternating plates, calicular and brachial, represent the covering plates on the disk and

arms of recent Crinoids ; but I wiU not venture to assert that they were invariably

movable on the vault and free rays, so as to expose the food-grooves to the exterior.

The condition of Grissocrinvs seems to me to confirm this view very strongly, and

also to emphasise the diflPerence between Cyathocrinxis and Coccocrimis, to which I have

alluded above.

The composition of the calyx in Gissocrinus is the same as in Cyathocrinus, but the

lowest arm-joints instead of resting on the outer edges of the radials, lie upon their

ventrai surface, and extend downwards towards the peristome over the sutures between

' Mr Wachsmuth tells me that he has lately found " tubular canals beneath the vault " both in Platycrinus and in

some of the Ehodocrinidw (August, 1884).

2 Revision, part ii. p. 29. s
^,j((,^ pp 61-66.
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the interradials. Wachsmuth^ expresses tliis by saying that " the arms are recumbent

upon the vault. There are five oral icf. interradial) plates, upon the sutures between

which, and raised above tlie general level, the arm-joints are imbedded, being covered by

small alternating plates like the free arms." Here then we have a further development

of the abnormal condition presented by Cyathocrinus and the Blastoids. For not only

ambulacral plates, but arm-joints themselves, extend over the sutures jjetween the inter-

radials towards the opening at the centre of the summit. The two rows of alternating

plates which cover in the furrows clearly represent the plates arching over the grooves

between the interradials of Cyathocrinus ; but it is ecjually clear that they are the cover-

ing plates of ambulacra which are borne by the arm-joints. This is very evident in some

of Augelin's figures^ of the brachial ambulacra, which may be advantageously compared

with those of the ambulacra in the Comatalidaj , and Pentacrinidse (PI. XIII. fig. 16;

PI. XVII. figs. 2,6,7; PI. XXVII. figs. 4, 5, 11, 12 ; PL XLVII. figs. 10-13 ; PL LIV.

figs. A, 7,8; PL LV. figs. 3-7).

The two rows of alternating plates in the dome of the Platycrinidse have a

close resemblance to those on the vault of Cyathocrinus, and I have a strong suspicion

that they are of the same character, and not radial dome plates homologous wdth the

calyx radials, like those in the Actinocriuidjfi. Wachsmuth appears to have been in

much doubt about their nature, and to have had considerable difliculty in making up his

mind. For he has described them in very different terms at different times. The

following general description was written by him as applying to both Platycrinidse and

Actinocrinidae, as well as to the Rhodocrinidse. Speaking of the radial dome plates,^ he

says " as a general rule, the summit plates increase in proportion to the number of

primary arms of a species in the same manner and on the same principle as the plates of

the dorsal side. Every radial from the third radial upward has a corresponding plate on

the ventral side, and additional interbrachial plates between corresponding brachial

plates above the arms."

This description, although true of most of the Actinocririidte, does not appear to hold

good for any typical Platycrinoid, as far as can be judged from Wachsmuth's accounts of

the vault structure in the diflereut genera of the family. The vault of Coccocriims has

been suflaciently discussed already. That of Cordylocrinus is not known. The radial

dome plates of Culicocnnus are as yet unknown, and but little room is left for them, as

the apical dome plates occupy the greater part of the summit. In the next genus,

Marswpiocrinus, however, the condition of the vault is entirely different. Wachsmuth

and Springer* describe it as follows: "vault low, hemispherical, composed of a larger

number of plates than usually found in this family. These are generally formed into

1 Kevision, part i. p. 91. ^ Op. eit., tab. xxvii. figs. le-l(/ ; tab. xxix. figs. 75rf, 76a.

3 Amer. Journ. Sci. and Aiis, vol. xiv. p. 1S7. This passage appears again with a slight alteration in the Revision,

part ii. p. 15.

* Revision, part ii. p. 64.
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narrow ridges, which bifurcate twice within the body.^ Interradial dome plates larger than

the radial, apical plates not prominent and identified with difficulty, interpalmar spaces

paved with small pieces." Figures of the vault of Marsupiocrinus radiatus and

Marsupiocrinus depressus are given by Angelin.^ The former shows a few larger plates

in the centre which may be the apical dome plates ; but in the other figiu-e none of the

plates in the centre are sjaecially large ; so that it is possible that Marsiqnocrinus may

resemble many recent Crinoids in the total resorption of the orals, causing the proximal

ends of the interpalmar areas to be thickly studded with plates w^hich tend to obscure

the position of the mouth (PL XVII. fig. 6; PL LIV. fig. 10; PL LV. figs. 4, 5, 7).

From the numerous bifm-cating ridges formed by the radial dome plates, I cannot help

suspecting that these plates are not true vault pieces as in the Actinocrinidse, but the

covering plates of closed ambulacral tunnels. They have a very different arrangement

from the various series of radials on the abactinal side, which should not be the case if

they belong to the vault, i.e., to the oral system. It will be remembered that

Wachsmuth has compared them to covering plates, while regarding them as true vault

pieces ; and he speaks of the interradial areas between them as " interpalmar," a term

which is inapplicable to true vault pieces, though I think he has used it correctly in the

case of Marsiqnocrinus. For I have a very strong impression that the so-called vault of

this genus is really the strongly plated ventral perisome, in the centre of which the

remains of the orals (apical dome plates) are perhaps to be found. I cannot see any

such essential difi"erence between it and the plated disk of Pentacnnus wyville-thomsoni

or of many Antedons (PL XVIL fig. 6 ; PL LV.) as would lead to the supposition that

the homologue of the latter is to be sought for beneath the vault of Mca-supiocrinns. At

the same time I have no intention of asserting the presence of an external mouth and

open food-grooves on the calyx of this genus. For although these are present in

the apparently similar disks of the recent forms, I think it not impossible that the

tentacular vestibule over the peristome of Marsupiocrinus may never have opened to the

exterior, and that the covering plates of the food-grooves proceeding from it may have

been immovably closed down over them. They were thus converted into tunnels, but

were still " external," in the sense of not being covered by a " tegmen," as those were which

formed the tubular skeleton beneath the vault of the Actinocrinidae. In the recent H)jo-

crinus, which has many Palseocrinoid affinities, the food-grooves pass from the oral to

the ambulacral system in the body before they reach the arms (PL VI. figs. 1-4) ; and

I see no reason why they should not have done the same in some of the Platycrinidse,

the family which is supposed by Wachsmuth to represent an incompletely develoj)ed

condition of the Actinocrinidse.

In Flatycrinus, Hexacrinus, and Talarocnnus the structure of the vault is

1 They bifurcate considerably more than "twice " in Marsupiocrinus radiatm.

2 Op. cit., tab. X. figs. 16, 21.
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ven^ different from that of Marsupiocrinus, and is more like that of the Actinocrinoid ;

but the apical dome plates (orocentral and orals) take up the greater part of the summit

so that the radial dome plates are but little developed, and do not follow the arrangement

of the calyx plates, as described by Wachsmuth in Strotocrmus and other Actmo-

crinida. Those of Platycrinus extend on to the free rays as a double row of alternatmg

plates Wachsmuth says nothing about the covering of the arms; but there are two

rows of alternating plates on the pinnules, and these are obviously covermg plates. It

is difficult to believe that the food-grooves of the arms were unprotected, when those of

the pinnules borne by them were bordered by covering plates ;
and if .these were present

on the arms what was their relation to the two alternating rows of radial dome plates

upon the free rays? Should not the alternating plates of the free rays arms, and

pLules be considered as parts of one system, just as the small covering plates of the

pinnules of Pentacrinid. are traceable into the larger o-o- ^.^ arms, -^^^^^^^

Lm into those of the disk (PL XVII. fig. 7 ; PL XXXIII. figs. 3, 4, 6 ,
PL XLI.

^^'ite free^yl^oIpSJilus find a parallel in many recent Crinoids. In Platycrinus

hnrUngtone..is the first division borne on the radial axillary consists of two joints only

of whii the second is axiUary. " One face of this bears an arm directly, whi the he

supports two pieces in direct succession, the second of which is an axiUary piece

and gives origin to two arms." ^ This arrangement would be described in a Penacr^nus

or So^nat.^: as consisting of two distichal and two palmar joints, the latter on^>

occurring on the inner pair of every two secondary arms; so that the arm formula

would be 1 2 2, 1, instead of 2, 1, 1, 2 as in Pentacnmcs altermcv^-rus, &c.

^Pl XXV )
'

Many Comatulid«. and Pentacrinidaj have more than two joints m

he distichal and palmar series, and these do not belong to the arms proper

but support radiati^ ^^^^[^^^^^^^1^^
(PI XXXIII fig. 6), just as the radial dome plates cover m the free rays of Platy^nnns,

hou.h on a much smaUer scale. As in the case of Ci,aAoor;,« and Mar^pooru.us

Wore I believe that these alternating radial dome plates of «a„« are really

corin. plates of the arabnlaera. though permanently closed down, and termmatmg

against°the primary radial plates of the dome outside the ring of prox,mals

These primary radials are sometimes well developed, as m Taki,oo,rnm and

PJ„,ocn.L. Z the former' " the first radial vault-piece is spimferous m most spee.es,

"eedin. plates small and nodose, arranged longtad.naUy in rows tormmg together

eXarles-olerthe ambulacral passages within the body.'; The vault of~~
sems to have had a closer resemblance to that of Actinocnnus than is the ease m most

,r., 1 • fi„ c 8 Pevision, part ii. P. 86.

1 Pateontology of Illinois, vol. v. p. 45.?, pi. iii. fig. 6. «
li 23

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.)
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Platycrinidse, for it had radial dome plates of the first, second, and even occasionally of

the third order.

Apart from this aberrant type, however, the radial regions in the vault of the

Platycrinidse seem to have consisted of a double row of sinall, more or less alternating

plates. Their arrangement does not by any means correspond regularly to that of the

radial calyx plates, as would appear from Wachsmuth's generalised description of the

vault ^ in the Sphseroidocrinidse, i.e., Platycrinidse, Actinocrinidse, and Rhodocrinidse.

In fact the greater part of this description holds good for the Actinocrinidse only.

The peripheral portion of the vault of P.latycrinus, i.e., the zone betweenthe proximal

dome plates in the centre and the calyx interradials, is comparatively small ; and its

interradial spaces are " occupied by three—rarely five—plates, smaller than the central

dome plates, and less nodose, but yet comparatively large, and resting upon the inter-

radial of the calyx."" This series of four or six interradials, taken all together, doubtless

corresponds generally to the single large interradial of Cyathocrinus, as was supposed by

Wachsmuth when he considered the latter as an oral. I do not mean that the one plate

is homologous to the larger number ; but only that they all belong to the same system

of interradial plates. The position of the alternating dome plates in Cyathocrinus and

Platycriniis would then be very much the same. They rest in the one case between, and

in the other upon the interradials, and terminate against the apical dome plates. Wachs-

muth says, for example, " in Platycrinus the interradial plates thus take exactly the

same position as the exposed parts of the oral plates in Cyathocrinus, whUe the covered

parts are unrepresented."^ In this type, too the calyx interradials enter into the com-

position of the summit, just as is the case in Cyathocrinus. Thus Wachsmuth says

that "the first interradial, which exceptionally in this group is placed almost within the

dome regions, is identical with the outer (i.e., primary) interradial plate of Coccocrinus,"*^

in which I entirely agree.

He further says, " the vault of the Platycrinidse difi'ers in several particulars from

that of the other Sphseroidocrinidse, and in these same characters it approaches the

Cyathocrinidse.'" I do not myself think that the vault of a Platycrinite was exactly of

the same nature as that of an Actinocrinite, i.e., that it covered in the whole of the visceral

mass and the ambulacra on its upper surface. For if the alternating dome plates represent

the covering plates of recent Crinoids, as Wachsmuth suggests, then all the periphery of

the dome, outside the apical dome plates (orocentral and orals), must be the real ventral

surface of the body, and not a tegmen calycis as in Actinocrinus. Wachsmuth himself

admits that the alternating plates in the dome of Platycrinus, like those of Cyathocrinus,

are represented by the covering plates of recent Crinoids ; and also that no tubular

skeleton has been discovered beneath the vault of any Palseocrinoid except an Actinocrinite.

1 Amcr. Journ. Sci. and Arts, vol. xiv. p. 167 ; and Revision, part ii. p. 15. ^ Revision, part ii. pp. 17, 30, 69.

3 Ibid., part ii. p. 30. ^ Ibid., part ii. p. 18. Ibid., part ii. p. 16.
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If his first admission be correct, as I believe it to be, one would not of course expect to

find a subtegminal ambulaeral skeleton in Platycrinus}

There is some point on the actinal side of every Crinoid where the food-grooves leave

the oral system covering up the peristome in which they originate, and are only closed

by the covering plates at their sides.

In the recent Hyocrinus this closure takes place on the disk, where the food-grooves

come out from under the oral pyramid (PI. VI. figs. 1-4). In Symhathocrinus the oral

pyramid was closed by the orocentral plate, and not open as in Hyocrinus ; while the disk

must have been even smaller than in that type, as the orals rest directly on the radials,

so that the ambulacra of the arms which were protected by covering plates, commence

directly from the sides of the oral pyramid almost as in Tliaumatocrinus (PI. LVI. fig. 5).

The BoUand Platycrinus which was figured by IMiiller is essentially in the same condition

as Symhathocrinus, the orals (apical dome plates) resting directly against the plates of

the abactinal side, in this case the calyx-interradials ; while the oral or actinal system

is increased by the development of the radial dome plates corresponding to those in the

calyx, which rest directly over the arm-openings and are followed by the ambulaeral

plates of the free rays.

If the orals of Thaumatocnnus formed a closed pyramid resting directly on the inter-

radials, as it must in earlier stages of growth ; and if this pyramid were further extended

at its base by the development of radial plates in the actinal system, then the ambulacra

would start from the periphery of these plates just as the alternating plates of the free

rays do in Platycrinus.

In other Platycrinidse the oral system seems to have been still larger, having

secondary and tertiary dome-radials ; but sooner or later it came into contact with the

alternating series of plates which I take to be the skeleton of closed ambulacra, that

perhaps only opened to the exterior at the origins of the arms from the free rays. There

was a membranous disk, the radial regions of which were traversed by the ciliated food-

grooves beneath the ambulaeral skeleton above ; while the interpalmar regions supported

the interradial plates of the vault. Both the ambulaeral skeleton and the interradial

1 By this I mean distinct covering plates such as are found beneath the radial dome plates of the Actinocrinidse.

There must, of course, have been a " tubular passage beneath the vault," the presence of which is indicated on the

natural casts from a cherty bed in tlie Upper Burlington limestone, wliich have been recently examined by Mr. Wachs-
muth. From what he has told me about these internal casts of Platycrinus I imagine that they show very much what
he has already described in similar siliceous casts of Actinocrinus, viz., "elevated rounded ridges, almost Hke strings

overlying the surface " ; and his remarks upon these last (Amer. Joum. Sci. and Arts, vol. xiv. p. 120) seems to me to be

equally applicable to the Plcdycrimis-csists. He says :
" The position of the string-like ridges (in case they represent

passages as I can hardly doubt) is analogous with that of the open food-grooves of recent Crinoids." In Actinocrinus, how-
ever, he not only found tliis evidence of passages beneaththe vault which lodged the food-grooves ; but he also discovered

in some specimens preserved in a different way, that these passages were protected by a distinct ambulaeral skeleton, itself

below the radial dome-plates. I imagine that this subtegminal skeleton, which corresponds to the' ambulaeral skeleton

on the disk of Pentacrinus (PI. XVII. fig. 6) does not exist in Platycrinus. For the ambulaeral skeleton of this type

was largely developed and external, forming the " alternate plates of the dome " (August 1884).
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plates were more massive than in recent Crinoids, just as the former were in the Cyatho-

crinidse ; and I do not think therefore that there was anything within the vault of

Platycrinidse like the tubular skeleton and the network of anambulacral plates that

occur in Actinocrinus. The greater part of the above argument appears to me to be a

mere logical deduction from Wachsmuth's very suggestive remark^ that the alternate

plates in the dome of Platycrinidse are represented in the recent Crinoids " by the

' Saumpliittchen,' which, however, instead of forming a part of a solid vault, are movable,

and line the lateral margins of the tentacle furrows."

Although believing that the vault of a Platycrinoid corresponds collectively to the orals,

interradials, ambulacral, and anambulacral plates of Neocrinoids, I do not wish to assert

that the Platycrinidse either had an external mouth or open ambulacra on the disk. For

I imagine that both were closed as in Cj/athocrmus, the whole system of plates being

much more substantial than in Neocrinoids, and forming part of a solid covering, but not

a true vault or legmen calycis.

In the Actinocrinidse, on the other hand, not only the food-grooves themselves, but

also their skeleton of alternating plates, were subtegminal, together of course, with the

plated interpalmar areas of the disk. The oral or actinal system of plates does not

consist merely of an orocentral with one or two rings of plates round it, which cover in

the peristome and the origins of the ambulacra from it. It is so greatly developed as to

cover in and conceal the whole ventral surface of the body, i.e., the disk projjer. The

subtegminal food-grooves passed outwards from the peristome over this upper surface of

the disk, and were continued on to the arms through the ambulacral openings round the

dome. A primary dome-radial is always present beyond the orals, and may be followed

by secondary, tertiary plates, &c. Stelidiocrimis has very few dome-radials, but in other

types the number becomes very large, in correspondence wdth the development of

different orders of radials in the calyx. Sooner or later, however, the subtegminal food-

grooves reached the arm-openings, and the minute plates protecting them were continuous

with the skeleton of the brachial ambulacra.

There is one form which is placed by Wachsmuth and Springer among the Actino-

crinida3, but has a vault of very different construction from that of the other members

of this family. In fact it somewhat resembles that of Marsupiocrinus. I mean

Carpocrinus ornatus {Hah'ocrinus, Angelin). Wachsmuth describes its radial portions

as "covered by two rows of low transversed pieces ; interpalmar fields paved by somewhat

larger and elongate plates."^ As pointed out above, the word " interpalmar " denotes

the areas between the radiating food-grooves ; and its use by Wachsmuth is therefore

significant. I cannot resist the suspicion that the double row of low transversed pieces

indicates the position of a food-groove ; and that the covering plates may have Ijeen

perma,nently closed down so as to convert the grooves into tunnels, without the additional

1 Revision, part ii. p. 30. 2 ji^^^ p^.); ;;_ p_ 106.
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help of a tegmen, such as occurs iu the Actinocrinidse. The proximal ends of these

tunnels would open into the closed peristomial space beneath the pyramid of apical dome

plates or orals. In fact, Carpocrinus appears to me to be in the condition of a Hijocrinus,

with an oral pyramid composed of somewhat smaller plates, but permanently closed, like

the ambulacra of the disk. While therefore I am in complete-accordance with Wachsmuth

respecting the closure of the peristome and calyx-ambulacra in the Cyathocrinidse,

Platycrinidte, and Actinocrinidse, I cannot altogether agree with him in denying all

homology between the solid vault of a Palseocrinoid and the soft disk of a recent form.

For I believe that both in the Cyathocrinidas and in the Platycrinidse the plates which

form the vault are unusually massive representatives of the ambulacral, anambulacral,

and iuterradial plates which are developed in the perisome of a Pentacrinus or

Comatula.

The Ichthyocrinidse and some of the doubtful Silurian forms, such as Reteocrinus and

Xenocrinus, appear to me to occupy an intermediate position between the heavily vaulted

Platycrinicte and the more thinly plated recent forms. Some of the Mesozoic species,

such as Extracriims, Apiocrinus, Guettardicrinus, and Marsupites, which have com-

paratively thick plates on the sides and surface of the disk, also help to fill up the gap.

The only genus of Ichthyocrinidas in which the summit is known at all satisfactorily

is Onychocrinus. Wachsmuth and Springer describe it as follows }—" Interradials three

to twenty, perhaps more in some species ; the first one large, resting between the first

and second radials ; the succeeding ones smaller, rapidly decreasing in size and thickness

upward, and having an inward curvature. They are followed by very miniite, irregular

polygonal plates, which form the interradial portion of the vault. The radial summit

areas consist of two rows of somewhat larger plates, alternately arranged, which extend

to the ventral covering of the free rays, and probably throughout their full length. In

the median portion of the vault there are six rather thin but large apical dome plates."

I understand, however, from Mr. Wachsmuth that he is now less inclined to believe in

the presence of apical dome plates in the Ichthyocrinidse ; and I will not therefore take

their presence as established. If they exist I should call them oral plates, and compare

the vault to the disk of a Hyocrinus with a closed oral pyramid. But in their absence

the vault appears to me so closely to resemble the disk of Pentacrinus and Comatula,

that I cannot question the identity of the two for the merely a pnori reason of the

Ichthyocrinidse being Palseocrinoids.

The two rows of alternating plates which radiate outwards over the " squamous

integument," and extend on to the free rays {i.e., distichal and palmar series), are surely

nothing more than the covering plates of the ambulacra, which were perhaps permanently

closed as in the Platycrinidae, or only temporarily so, as in the Neocrinoids ; while the

small irregular plates which form the interradial portion of the vault, correspond to the

1 Revision, part i. pp. 53, 54.
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anambulacral plates of recent Crinoicls (PI. XVII. fig. 6 ; PI. LV.). They pass down-

wards into the interradials at the sides of the calyx, just as in the recent species and in

the Liassic Extracrinus.

Wachsmuth stated in 1877^ that although he had not found the summit of any

Ichthyocrinoid perfectly preserved, he felt convinced from what he had observed "that it

did not consist of a soft skin." Subsequently, however, he described the ventral disk of

the Ichthyocrinidse " as "rarely preserved; composed of a more or less soft or scaly

integument, yielding to motion in the body and arms. . . . The interradial areas are

sometimes found depressed and in other cases distended, showing that there had been

some expansion or contraction of the body-walls due to the mobility of the radial parts,

and indicating likewise flexibility in the vault."

Under these circumstances I find it difiicult to believe that the ventral disk of the

Ichthyocrinidse did not correspond to the similarly named structure in recent Crinoids,

but represents the solid vault of Actinocrinus. Were this the case, there must have been

another flexible skin inside the " pliant scaly integument," with the food-grooves passing

over its upper surface as they do over that of an internal cast of Actinocrinus. It is of

course impossible that a proof of the existence of such a structure can ever be obtained.

But why should its existence be postulated at all, simply because Ichthyocrinvs is a

Palaeocrinoid ?

According to Wachsmuth and Springer " this family might very appropriately be

called the Articulates of the Palaeozoic Crinoids, being especially distinguished in most of

its species by what seems to be an articulate structure in the whole skeleton."' I cannot

but believe that they present a similar approximation to Neocrinoids in the structure of

their vault, ventral disk, or whatever else it be called.

Any Criuoid with a weU-plated disk (PI. XIII. fig. 1 ; PI. XVII. fig. 6 ; PL XXVI.

figs. 1, 2 ; PI. L. figs. 1,2; PL LV.) appears to me to be a recent Onychocrinus. If the

summit of this genus was soft, pliant, and flexible, it must have consisted like the ventral

disk of a Pentacrimis of a perisome formed of connective tissue, with the numerous

irregular interradial plates imbedded in it ; and I cannot bring myself to believe that the

flexible summit was reaUy the " tegmen " overlying another disk, which itself represented

the plated ventral perisome of Pentacrinus. It is admittedly a direct continuation of

the " squamous integument " uniting the rays on the dorsal side. This is " composed of

very minute irregular polygonal plates, or by distinct interradial and axillary plates, the

former varying in number from one to thirty or more.''

Thus Onychocrinus has a large first interradial which rests between the first and

second radials. " The succeeding ones are smaller, decrease rapidly in size and thickness,

and pass gradually into the very minute irregular plates which form the interradial

1 Amer. Journ. Sci. and Arts, vol. xiv. p. 185 ^ Revision, part i. p. 31.

3 Ibid., part i. p. 31. * Ibid., part i. p. 31.
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portion of the vault." ^ I have seen a similar arrangement in well preserved specimens of

Marsupites, while both d'Orbigny ^ and de Loriol have figured and described the same

thing in Apiocrinus roissyanus. After stating that there is a considerable amount of

variation in the interradial areas, even in the same individual, de Loriol says—" Presque

toujours la s^rie commence par une pifece unique, hexagone ou

heptagone, qui est la plus grande, et se trouve encastree entre les

premieres et les secondes radiales, de chaque cote, reposant sur les

troncatures des premieres radiales. Au-dessus il y a deux, trois,

et meme quatre pieces plus petites, irregulieres, polygonales, qui

arrivent au niveau des facettes articulaires des troisiemes radiales,

une troisieme et une quatrieme rangde comprennent encore chacune

trois ou quatre pieces polygonales plus petites, et occupent I'espace

entre les premiers articles brachiaux ; elles sont suivies par d'autres

rangees de pieces, plus petites encore, qui paraissent concourir k la

formation d'une voAte sur la cavite calicinale."' De Loriol's

enlarged representation of this structure is reproduced in fig 9.

Here, surely, there was a " dome " as solid as in any Ichthy-

ocrinoid; but it will scarcely be contended that this dome

represents the heavy rigid vault of Actinocrinus, rather than the

plated ventral perisome of recent Pentacrinidae and Comatulidse.

The former range back to the earliest Mesozoic times, long anterior

to Apiocrinus ; and the Liassic Extracrinus had a vault essentially similar to that of the

Apiocrinidse. But there was no regular calyx-interradial resting upon the upper angles

of the first radials. Its place was taken by a number of movable irregular perisomic

plates, like those which occur in the same position in Pentaoinus asterius (PI. XIII.

fig. 1). They are represented by MiUer,* Austin, and also by Quenstedt;^ and were

continued upwards into those " which cover the dome-like integument over the abdominal

pouch,* just exactly as is the case with their fellows in recent forms.

The Silurian genera Ghjptocrinus, Reteocri7ms, and Xenocrinus appear to me to have

been in the same condition ; though I will not go so far as to say that the mouth was

open to the exterior. For the peristome may well have been closed by the more or less

well defined apical dome plates, which covered the central part of the disk, just as in the

Ichthyocrinidse. The vault of Glyptocrinus is best known in Glyptocrinus decadactylus.

According to Miller' "The regular interradial areas have one plate resting upon the

primary radials, two in the second range, three in the third, two or three in the fourth,

1 Revision, part i. p. 54. '^ Hist. Nat. des Crinoides, p. 21, pi. iii. figs. 1, 3.

' Pak-ont Frang., loc. ciL, pp. 272, 273. * Op. cit., pp. 57, 59.

5 Encriniden, Tab. 101, fig. 39a. ° Austin, op. cit., p. 104, pi. xiii. figs, la, Ic, 1^.

7 Glyptocrinus redefined and restricted, Oaurocrimts, Pycnocrinus, and Compsocrirms established, and two new
species described, Journ. Cindnn. Soc. Nat. Hist., vol. vi. pp. 220, 221.

Fig. 9.—Interradial plates of
Ajnocrinns roissyanus
(after de Loriol). Bl, B2,
first aud second brachials;

El, R2, R3, first, second,
and third radials

;
pi,

basal joints of lowest
pinnule ; /, calyx-inter-

radial, resting on the
upper angles of two first

radials (Rl) ; i, smaller
interradials, but probably
only perisomic plates.
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and above these fifteen or twenty small plates in each depressed intertertiary area-

Intersecondary radial areas have one rather large plate in each axil, and a dozen or more

smaller ones filling the depressions between the tertiaries. Intertertiary areas have in

like manner one plate in each axil, and several smaller ones above. . . . The vault is

somewhat convex in the central part, and undulates towards each intertertiary area. It

is composed of numerous polygonal plates. Those in the central part are the larger ones,

and each of these bears a central tubercle, which is sometimes prolonged so as to be

designated a spine toward the margin, or rather following the undulations toward the

intertertiary areas, the plates are smaller and possessed of slight convexity. They unite

in the depressions in the intertertiary areas with the plates of the calyx, or rather the

interprimary radials graduate through the intersecondaries and intertertiaries to the plates

of the vault without any line of separation. The plates become smaller as they approach

the inner face of the arms, over the swelling undulations of the vault, and continuing to

decrease in size, form a somewhat granular continuous integument, that covers the

ambulacral furrows."

Except as regards the larger central plates (orocentral and orals), this description

would apply equally well to the disk of many Pentacrinidse and Comatulidte. The vault

of Glyptocrhms would appear to have been more or less flexible as in the Ichthyocrinidse
;

and the so-called " continuation of the vault up the inner side of the arms " seems to me

to Ije nothing but the extension on to the arms of the ambulacral skeleton, together

perhaps with some of the anambulacral plates at its sides, just as in Pentacriniis asterius,

Pentacrinus alternicirrus, Pentaorinus naresiaiins, and Metacrinus murrayi (PL XVII.

fig. 7 ; PI. XXVI. figs. 1, 2 ; PL XXVIL fig. 13 ; PL XXX. fig. 2 ; PL XLI. fig. 13).

The vault of Retocrinus nealli is thus described by Meek^ " Interradial areas occupied

by numerous (70 to more than 100) small pieces of very irregular size and form, and

without any definite arrangement. . . . Axillary areas each occupied by about fifty to

sixty very small, irregularly arranged, unequal pieces. Vault composed of numerous

minute pieces, generally of hexagonal form ; highest on the anterior side, with a ridge

radiating to each arm-base, and a corresponding sulcus between ; opening minute,

penetrating a small tubercle situated behind the middle, and directed backward."

Wachsmuth says that the plates in the median part, which probably include the

apical plates, are somewhat larger than the rest ; while he further states that " the

peculiar depressed state of the interradial and interaxillary arese, the irregularity with

which their plates are arranged, suggests the possibility that they were adapted to

expansion by the animal."^ Here again, then, he admits the possibility of the "vault"

having been pliant and flexible. Thanks to his kindness, I have had the opportunity of

examining specimens of all three genera, Ghjptocrinus, Reteocrinus, and Xenocrinus,

while Meek gives an excellent figure of the summit in Reteocrinus nealli.^ I am sorry,

1 Palaeontology of Oliio, vol. i. p. .35. - Revision, part ii. p. 192. ' Palaeontology of Ohio, vol. i., pi. ii. fig. 3c.
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however, that I cannot agree with Wachsmuth respecting its nature. For, like that of

Ichthi/ocrinus, it appears to me to represent the pLated ventral perisome of the

Neocrinoids ; whUe the ridges which radiate to the arm-bases seem to me to consist of the

covering plates of the ambulacra. I do not deny that they may have been closed down,

either temporarily as in the recent Pentacrinus wyville-thomsoni (PI. XVII. fig. 6), or

permanently as in Platycrinus. But I cannot imagine that they represent parts of a solid

vault like that of Actinocrinus.

I would say the same of Xenocrinus, of which Miller^ speaks as follows :
" Interradial and

intersecondary radial spaces. . . . These long, narrow, depressed areas are covered with

small plates, having a tubercle or short spine in the central part of each. There are

more than seventy-five plates in each interradial area, and twenty-five or more in each

intersecondary radial area before reaching the top of the cup, but the small plates

continue over the margin of the vault, and undoubtedly cover it, and also more or less of

the long proboscis, which is extended from the anterior or azygous side."

Wachsmuth denies that any Palseocrinoid is known in which the existence of a solid

vault has been disproved or cannot be traced by analogy ; and also that there can be

any homology between this solid vault and the ventral perisome (whether soft or plated)

of a Neocrinoid. He has since admitted, however, that the radial pieces in the vault of

Cyathocrinus and Platycrinus correspond to the ambulacral skeleton on the external

surface of the body of recent Crinoids ; and I venture to think that in the case of Glypto-

crinus, Reteocrinus, and Xenocrinus, and also of the Ichthyocrinidse, the resemblance to

the Pentacrinidae, Apiocrinidse, and Comatulse is such as to leave no reasonable doubt that

the so-called vault of these Palasocrinoids is homologous with the ventral surface of the

body in the Neocrinoids. Except as regards Coccocrinus, however, I am not prepared to

deny that the mouth was subtegminal, i.e., concealed beneath the apical dome plates,

which I regard as representing a permanently closed oral pyramid. When the presence of

these plates has been demonstrated in Coccocrinus, I will admit that the " Scheitelstiicke
"

which AUman, Wachsmuth, Zittel, and myself have all considered as orals, belong to the

interradial system, and do not surround an open mouth as the orals of Holopus,

Hyocrimis, and Thaumatocrinus do.

1 Jmirn. Cincinn. Soc. Nat. Hist., vol. iv. p. 72.

(ZOOL. CHALL. EXP.— PART XXXII.— 1884.) li 24
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XL—CLASSIFICATION.

The following is the classification of the Stalked Echinoderms which is adopted in

these Eeports :

—

Phylum, ECHINODERMATA.

Branch, PELMATOZOA.

Class 1. Crinoidea.

Class 2. C Y S T I D E A.

Class 3. Blastoidea.

Syno7iymy and other Classifications.

Peljlatozoa, Leuckart,

1848.

Crinoidea, Burmeister,

1856.

Brachiata.

Anthodiata.

Crinoidea, Eoemer, 1856.

Tentaculata, Ray-
Lankester, 1877.

Crinoidea, Zittel, 1880;
and de Loriol, 1882.

An order of the class

Echinodermata.

Three suborders.

A branch of the Phylum
Echinodermata.

Three classes.

A class of the Stamm
Echinodermata.

Three orders.

1. Crinoidea, sensu. str.

2. Cystidea.

3. Blastoidea.

1. ActLaoidea =
Crinoidea, sensu. str.

2. Cystidea.

3. Blastoidea.

f L Crinoidea.

{ IL Blastoidea.

[ III. Cystidea.

1. Eucrinoidea =
Crinoidea, sensu. str.

2. Cystoidea.

3. Blastoidea.

PELMATOZOA.

Definition.—Echinoderms which are fixed either permanently or temjjorarily by the

middle of the aboral surface. A jointed stem containing a neuro-vascular axis is usually

present, but may be lost when maturity is reached ; or, in the case of a few sessile forms.
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remain altogether undeveloped. The apical system consists of a dorsocentral plate,

basals, and radials, with the frequent addition of under-basals and interradials. These

plates form a cup, which either simply supports, or more or less completely encloses the

visceral mass, and often bears jointed appendages, the arms and pinnules.

An oral system, consisting of a central plate (orocentral) and five orals is developed

above the peristome of the larva to a very variable extent, and may be either altogether

resorbed, or reach a high degree of importance by the appearance of additional plates so

as to form a vault or " tegmen calycis." The anus is situated on the oral surface, which

may be bare, or more or less covered by calcareous plates. The water-vascular ring does

not communicate directly with the exterior, and the lateral branches of the radial vessels

(when present) are respiratory, but not locomotor in function.

Class 1. Crinoidea, Miller, 1821.

Crinoidea, Auctoruin.

Stilasteritm, Goldfuss, 1826-1835.

Asterencrinidea, de BlainviUe, 1834.

Pinnigrada, Forbes, 1841.

Piimasfella, Austin, 1842.

, Brackiata, Burmeister, 1856.

Actinoidea, Roemer, 1856 (Date of Preface).

Encrlnidce, Quenstedt, 1876 (Date of Preface).

Eucrinoidea, Zittel, 1880 (Date of Preface).

Definition.—Pelmatozoa, in which the radial plates of the calyx bear more or less

branching arms. These consist of segments which are articulated by means of muscles

and ligaments, and in most cases bear similar jointed appendages, the pinnules. The

nervous system consists (l) of a central organ situated in the calyx, and fibres

extending from it through the skeleton of the stem, arms, and pinnules
; (2) of a

circum-oral ring and radial extensions which are in close relation with the ciliated

epithelium of the ambulacral grooves. These are more or less extensively distributed

on the ventral surface of the disk, arms, and pinnules ; and are bordered by groups of

tentacles which alternate on opposite sides. When they are absent, the radial water-

vessels give ofi" no tentacular branches. The water-vascular ring opens by five or more

water-tubes into the body-cavity, which itself communicates with the exterior by a

corresponding number of water-pores. The mouth is central, except in one genus, and

the anus subcentral or excentric. The genital glands are lodged in the lower parts of

the arms, but ai-e usually fertile only in the pinnules.

Remarks.—Various writers have attempted at difl'ereut times to separate the Crinoids

and their allies from the remaining classes of the Echinoderms by somewhat more definite

characters than those which distinguish these various classes inter se. Very little was
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known, however, respecting the anatomical relations of the soft parts of a Crinoid

;

while the morphology of the Echinoderms generally was far from being properly

understood ; and in most cases the group was regarded as consisting of four or five

divisions of equal value, which were considered as classes or orders according to the

position assigned to the Echinoderms generally in the animal kingdom. The Ophiurids

and Asterids have sometimes been united into one group, the Stellerids, which, though

convenient for purposes of reference, appears to me to be somewhat too comprehensive.

Considering the totally dissimilar modes of development, and the great difference

in anatomical structure between a Brittle-star and a Starfish, I find it difficult to do

otherwise than regard the Ophiuroidea and Asteroidea as independent classes of

Echinoderms, of equal systematic value with Echinoidea and Holothuroidea.

In like manner, I should rank the Blastoidea and Cystidea as classes of the Echino-

derms rather than as sub-classes or orders of the Crinoidea. The essential difference

between them and the true Crinoids {Eucrinoidea of Zittel and de Loriol) is the

presence in the latter of branching articulated arms developed above the radial plates of

the calyx ; while the symmetrical composition of the calyx in the Blastoids, the

complexity of their ambulacra, and the regular arrangement of their hydrospires, sharjily

distinguish them from most of the Cystids, the morphological characters of which are, as

it were, more plastic and less crystalline.

These three groups, however, the true Crinoids, the Blastoids, and the Cystids, are

distinguished from the remainder of the Echinoderms by certain very definite peculi-

arities, i.e., the more or less permanent attachment of the aboral surface of the body,

and the absence of any locomotor organs in connection with the ambulacral system.

For the lateral branches of the water-vessels, when present, are simple respiratory

tentacles of an altogether difierent nature from the tube-feet of an Echinid or

Stellerid.

Important as these difierences are, few zoologists seem to have recognised them as of

any greater systematic value than those between an Urchin and a Starfish, Crinoidea,

Asteroidea, and Echinoidea having been generally regarded as equivalent divisions of

Echinoderms. As long ago as 1848, however, Leuckart separated the stalked

Echinoderms from the remainder of the group under the name " Pelmatozoa." This

suggestion seems to have been adopted by Bronn in 1860,^ while Leuckart classed the

Echinoderms in accordance with it in his annual "Berichte ;" but little notice was taken

of it in this country except by Sir Wyville Thomson, as wiU be seen further on. In

1869 Prof. Huxley^ recognised the same principle when he wrote "The Crinoids are so

difi"erent from the other living Echinodermata that they will probably have to form

a distinct primary division or sub-class of the class ; and this may possibly be the

' Die Klassen unci Ordnungen des TMer-Reichs, Bd. ii., Aktinozoen, 1860, pp. 3, 421.

2 An Introduction to the Classification of Animals, London, 1869, p. 130.
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case with some of the following extinct forms," viz., Cystidea, Edriasterida, and

Blastoidea.

The difference in the functions of the water-vascular system between the stalked and

the unstalked Echinoderms respectively was applied by Prof. Ray Lankester for

systematic purposes in his division of the Echinoderms into Amhulacralia and Tenta-

mdata, the latter including Crinoids, Cystids, and Blastoids.*

The name " Tentaculata " is unfortunately open to the objection that even in recent

Crinoids some of the radial water-vessels may be totally unprovided with tentacles at their

sides ; while if, as I believe, the water-vessels of the Blastoids occupied the subambu-

lacral canals within the lancet-pieces,^ they must certainly have been non-tentaculate.

To one division (class) of the group, therefore, the name " Tentaculata " would not be at

all applicable. Neither do I like the extension of the term " Crinoidea " to the Blastoids

and Cystids, and the consequent limitation of the brachiate forms by the name

Eucrinoidea, which we owe to Zittel so far as I have been able to trace it ; though it has

recently been adopted by de Loriol.

In Miller s original definition of the Crinoidea ^ he described them as having " a cup-

like body containing the viscera, from whose upper rim proceed five articulated arms,

divided into tentaculated fingers more or less numerous." The presence of these arms is

essential to the idea of a "lily-shaped animal." The very characteristic appearance of

the Crinoid type is lost if the arms be not attached to the calyx ; while morphologically

they are of the utmost importance.

On the other hand, jointed appendages of this kind, attached to the rim of the cup,

and containing radial extensions of the nervous axis of the stem, as well as of all the

ambulacral straetures which surround the peristome, together wdth the genital glands, are

entirely absent both in the Blastoids and in the Cystids. In the former group, it is

true, there were jointed appendages at the sides of the ambulacra ; but although the

latter are very often spoken of as "recumbent arms," they are not composed of articulated

pieces, and only a very general homology can be traced between them and the branching

arms of a Crinoid. In the Cystids, however, segmented arms somewhat like those of

Crinoids seem to have been occasionally present, and even grooved by the ambulacra.

But they were mostly attached somewhat irregularly in the neighbourhood of the mouth,

and not to the radial portions of the cup as in the Crinoids ; and I much doubt whether

their component segments were regularly articulated together.

Neither the Blastoids nor the Cystids, therefore, can properly be classed as Crinoidea,

in the sense of Miller's definition of the group ; though this has been very frequently

done during the last forty years, more especially by continental naturalists. Von

1 Notes on Embryology and Classification, Quart. Journ. Micr. Sci., 1877, vol. xvii., N. S., p. 444.

2 On Certain Points in the Morphology of the Blastoidea, Ann. and Mag. Nat. Hist., 1881, ser. 5, vol. viii., p. 420

;

Ibid., 1882, vol. ix. p. 218.

3 Op. cit., p. 7.
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Buch, however, elearl}'^ distinguished the essential differences between Crinoids and Cystids.^

The same was the case with Edward Forbes, who having given the Crinoids ordinal rank

in 1841^ under the remarkable name " Pinnigrada," assigned the same position to the

Cystids in 1848.' Von Buch seems to have considered the Blastoids as a third group of

equal value with these two. Roemer, on the other hand, degraded the Cystidea and

Blastoidea to the level of families or sections of the order Crinoidea, separating off the

brachiate forms of the latter as true Crinoidea.* A few years later he proposed to call

these by the name " Actinoidea," and to rank them together with Blastoids and Cystids

as suborders of the Crinoidea.* This term was thus employed, not in the strict sense of

Miller's original definition, but as co-extensive with the name " Pelmatozoa," which had

been proposed by Leuckart four or five years previously ; though Eoemer appears to

have been unacquainted with it. This was unfortunate, as the use of Leuckart's excellent

name in the Lethaea Geognostica would have avoided much subsequent confusion.

In the second volume of Bronn's "Thier-Eeich " the Echinoderms aret hrown together

with the Coelenterates into the comprehensive " Kreis " of Strahlenthiere or Aktiuozoa.

Four classes of Coelenterates are first considered, and then the Blastoidea and Crinoidea,

for which the cumbersome names " Blastactinota " and " Crinactinota " are proposed.

Fortunately, however, they have not come into general use. The Cystids are thrown

back among the Crinoids, for Bronn did not consider them as differing from the brachiate

Crinoids to the same degree as the Blastoids. This was altogether in opposition to the

views of Von Buch and Edward Forbes, and also to those of Roemer,' to whom the

peculiarities of the Blastoids and Cystids appeared so marked, " dass sie als gleichwerthige,

wenn audi nicht gleich umfaugi'ciche Scctionen oder Untcrordnungen den iichten

Crinoiden entgegen zu setzen sind." Viewed by the light of later knowledge, Bronn's

classification was of a distinctly retrogressive nature.

Besides the Cystids he recognised two other divisions of the Crinoidea, viz., the

Brachiata or the Crinoidea proper, and the Costata, Mtiller, the latter including the

problematical Saccosoma.

The terminology employed by Bronn for the different groups of the stalked Echino-

derms is extremely difiicult to understand, and appears to contain many errors. Thus

on pp. 193 and 421 {op. cit), the name "Actinoidea" for the true Crinoids is attributed

to Miiller, though it is really Roemer's, as explained above ; while on pp. 207 and 210 the

true Crinoids are referred to as " Anthodiata," in contradistinction to the other division

1 Ueber Cystideen, Abhandl. d. Tc. Akad. d. JViss. Berlin, 1845, pp. 12, 13, 17, 2".

- A History of British Starfishes and other Animals of the class Echinodennata, London, 1841, p. xiv.

3 On the Cystideae of the Silurian Rocks of the British Islands, Mem. of the Geological Survey of Great Britain, and

of tlie Museum of Practical Geology, 1848, vol. ii. part 2, pp. 526, 527.

* Monographic der fossilen Crinoiden-familie der Blastoideen, iind der Gattung Pentatrematites im Besoudern,

Archiv f. Naturgesch., Jalrrg. xvii., Band i. pp. 387, 388.

'' Lethaea Geognostica, Bd. i., Theil 2, p. 224.

^ Op. cit., pp. 180, 193. " Lethaea Geognostica, Bd. i. Theil 2, p. 224.
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of the " Crinactiuota," viz., the Cystids. Ou the other hand, according to the scheme

on p. 421, " Anthodiata" was the name proposed by Burmeister for the Blastoids, while

the term " Brachiata " was also his, and included the true Crinoids and the Cystids. On

pp. 3, 227, and 230, however, the term "Brachiata" is used by Bronn to denote the true

Crinoids only, and it is attributed to Miiller. Zittel has followed Bronn in this respect,

and, as I believe, erroneously. For I have searched Muller's writings on Crinoids

repeatedly without finding this expression, though frequent reference is made to the

" Crinoidea Tessellata mit Armen."

After various unsuccessful attempts to discover where Burmeister's nomenclature was

published, I applied to Prof. F. J. Bell, who was kind enough to make a search in the

library of the Zoological "Department at the Museum of Natural History, with the

following result. In his Zoonomische Briefe, published at Leipzig in 1856 (vol. i.

p. 243), Burmeister gives the following " Systematische Uebersicht der Crinoideen."

I. Crinoidea anthodiata.

1. Cystideen. 2. Blastoideeu.

II. Crinoidea brachiata.

3. Tessellaten. 4. Articulaten. 5. Gesippten {Crinoidea costata). 6.

Holopus.

This classification of Burmeister's deserved more attention than it has hitherto

received ; for it was the first which clearly brought out the difierence between the true

Crinoids with segmented arms attached to the radials and the " Anthodiata " or Blastoids

and Cystids, in which there are either no arms at all or structures of an entirely

difi'erent nature from those of the true Crinoids. In this, as in other respects, the

Blastoids and Cystids at once difi"er from the Crinoids and resemble each other. In fact

they are so closely linked together that it is extremely diflicult to refer forms like

Hyhocystites and Cystohlastus to one group rather than to the other.'

The term Crinoidea should, I think, be limited to the strictly brachiate forms for

which it was proposed by Miller ; and it is much less applicable to the stalked Echino-

derms generally than Leuckart's name " Pelmatozoa." But except as regards this

question of nomenclature Burmeister's classification agrees far better with our present

knowledge than many of those published before or since his time, e.g., that of d'Orbigny,

Pictet, or of Dujardin and Hup^.

Low as the Cystids had fallen in Bronn's classification from the ordinal position to

1 Quenstedt has solved the diiRculty respecting the systematic position of CystohlasUis by describing it twice over.

On p. 684 of his "Encriniden" it appears among the Cystids, and is figured on Tab. 113, fig. 89 ; but on p. 724 it is

described as a Blastoid, and it is figured on Tab. 114, fig. 98, under the name of CijdohlasUis.
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which they had been raised by Forbes, they had been, and were subsequently, still further

degraded. For d'Orbigny ' took an entirely different view of the characters of the

various types of the Pelmatozoa from those held by some of his predecessors ; and he not

only threw the Cystids and Blastoids back among the Crinoids, but he considered these

two groups merely as families. He divided the order Crinoidea into twelve families,

among which are the Comatulidse, Pentremitidse, Cystidse, and lastly the Pentacrinidse

;

and Pictet ^ subsequently reduced this number to nine, but without making any change

in the four above mentioned.

Dujardin and Hupe ' also adopted this singular arrangement, according to which the

differences between a Pentacrinus and a Pentremites, Echinosphcerites or Actinocrinus,

are of no greater systematic value than those between Pentacrinus and Comutula. In

this country, however, thanks mainly to the teaching of Prof. Huxley,* Crinoids, Cystids,

and Blastoids have always been regarded as independent but equivalent divisions,

formerly orders, but now classes of the Echinodermata. To these Huxley^ has since

added another, as to the necessity for which there has been a considerable difference of

opinion, viz., the Edriasterida.

This group, which includes the curious sessile forms Agelacrinns, Edrioaster, and

their allies, has been generally placed among the Cystids ; but it has been re-established

quite lately under the name of Agelacrinoidea by S. A. Miller, in ignorance of Prof.

Huxley's classification of fifteen years ago.

I am inclined to think myself that if these forms be anything more than the

isolated disks of Palseocrinoids, as was thought possible by Sir Wyville Thomson [ante,

p. 85), their proper place is among the Cystids.

Two other new orders (i.e., classes) of the class {i.e., subkingdom) Echinodermata have

recently been proposed by S. A. MiUer.''' These are the Lichenocrinoidea and the

Myelodactyloidea. But I cannot regard them as of equal value with the Crinoids, Cystids,

and Blastoids. Om' knowledge of the structure of Liclienocrinus is of the most limited

character ; and it is therefore totally insuflicient for the basis of a class definition. The

same may be said of Cydocystoides, which together with the so-called Mydodactylus is

placed by Miller in a new order that he proposes to call Myelodactyloidea. Whatever

be the nature of Cydocystoides, there can, I think, be little doubt that Salter,

Charlesworth, and more recently Nicholson and Etheridge ~' were right in regarding the

1 Ooiirs eldmentaire de Paleontologie et de Geologie stratigraphique, Paris, 1852, t. ii. fasc. i. p. 134.

- Traite de Paleontologie, t. iv. p. 282.

5 Histoire Naturelle des Zoophytes, l^oliinodermes, Paris, 1862, pp. 55-58.

1 Lectures on General Natural History, Medical Times and Gazette, November 1856, p. 463.

> An Introduction to the Classification of Animals, London, 1869, p. 130.

6 Description of three New Orders and four New FamLlies, in the class Echinodermata, and eight New Species

from the Silurian and Devonian Formations, Joiirn. Cincinn. Soc. Nat. Hist., vol. v. pp. 221-223.

' A Monograph of the Silurian Fossils of tlie Girvan District in Ayrshire, Edinburgh, 1880, pp. 330-334.
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supposed arms and piuuules wliich were described by Hall as Myelodactylus ' as a coiled

up stem of peculiar structure. It may perhaps belong to some Crinoid of which the

head is not yet known ; but until Salter's statements "^ have been satisfactorily refuted

by Hall or Miller, I cannot admit the Myelodactyloidea as a class of Echinoderms

equivalent to the Crinoidea, Ophiuroidea, or Blastoidea.

The Echinoderms which have no tube-feet iu their ambulacra, and are more or less

permanently attached by their aboral surface, seem to me therefore to fall very naturally

into three classes, Crinoidea, Cystidea, and Blastoidea. They have several characters

in common which sharply distinguish them from the other Echinoderms, and serve to

define the branch or division Pelmatozoa, Leuckart, which is of course synonymous

ndth Crinoidea in the widest sense.

I am indebted to my friend Prof. F. Jeffrey Bell for the reference to Leuckart's

original definition of the group. I heard the name first from Sir Wyville Thomson, who

was greatly struck with its appropriateness, and introduced it into the syllabus of his

class lectures. He could, however, give me no reference to it ; but Prof. Bell was

fortunately able to find it in Leuckart's Bericht iiber die wissenschaftlichen Leistungen

in der Naturgeschichte der niederen Thiere for 1864-65, where the Echinoderms are

divided into Pelmatozoa, Echinozoa, and Scytodermata (Holothurians). Working back

from this year Prof. Bell eventually succeeded iu tracing back this classification of

Leuckart's to a morphological essay published in 1848, where, however, the familiar name

AcTlNOZOA is used to denote the Urchins and Starfishes together. After alluding to the

essential characters of the Pelmatozoa, i.e., the presence of a stem either temporarily or

permanently, Leuckart referred to the two orders of this class, the Cystids and the true

Criuoids.^ The latter is distinguished by the fact that " An dem obern peripherischen

Eande des Kelches noch besondere zahlreieh gegliederte Arme sich vorfinden, deren

Skeletstucke immer dem Perisom angehoren und stets von dem dorsalen Pole ihren

Ursprung nehmen." In this description of the Crinoids, as well as in the prominence

given to the presence or absence of a stalk iu the morphology of the Echinoderms,

Leuckart seems to me to have been peculiarly fortunate. The only point to which one

might be disposed to take exception, and it is in reality more a verbal one than anything

else, is his description of the arm-skeleton as belonging to the perisome ; for the term
" perisomatic" skeleton is now somewhat limited in its meaning [ante, p. 73).

The Pelmatozoa therefore difier altogether from other Echinoderms in the presence

of a stem, and in the consequent departure from the ordinary habits of an Urchin, Star-

fish, or Holothurian. Whether sessile, or provided with a stem, the Crinoid lies on its

aboral surface, instead of creeping about mouth downwards in search of food. The lateral

1 Paleontology of New York, 1852, vol. ii. p. 191, pi. xlii. figs. 5, 6.

2 Catalog. Camb. Silur. Foss. Woodw. ISIus., Cambridge, p. 118.

^ Ueber die Morphologic und die Verwandtschaftsverhaltnisse der \yirbellosen Thiere, Braunschweig, 1848, p. 42.

(ZOOL. CHALL. EXP.— PART XSXII.— 1884.) 11 25
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branches of the water-vessels are therefore either absent altogether as in the Blastoids

and in some of the arms in many Actinometrce ; or they supply delicate papillate tubules,

the tentacles, the chief functions of which are probably those of respiration and sensation.

Ludwig's researches have demonstrated that the primary water-pore of the AntedonAsiXwau

is homologous with the commencing madreporite of an Echinozoon. But in no Starfish or

Urchin is the communication between the water-vascular system and the exterior effected

through the intervention of the body-cavity as it is in the adult forms of recent Crinoids,

whatever be the condition of the larva. There is good reason to believe that the

hydrospires of the Blastoids and Cystids were neither connected with the water-

vascular ring nor with the body-cavity, so that the absence of a continuous madreporic

canal may be regarded as eminently characteristic of the Pelmatozoa, though it occurs in

some Holothurians and possibly also in certain Ophiurids.

The limitation of the functions of the water-vascular system in the Pelmatozoa,

although a natural consequence of the presence of the stem, is in no way connected with

this organ morphologically. With the blood-vascular and nervous systems, however, the

case is different.

There can be little doubt that the remarkable neuro-vascular axis which occupies

the central canal of the stem of a Neocrinoid, occupied a similar position in the Palseo-

erinoids. Even in the case of sessile forms like Edriocrinns there must have been a

chambered organ, from the fibrillar envelope of which were derived the axial cords of the

rays and arms, just as in the recent Holopus. The Blastoids all have basal and radial

plates, and, with the exception of the Astrocrinidse, a perforated stem, so that one can

hardly be going too far in assuming that its central canal lodged a neuro-vascular axis,

as in recent Crinoids. The same is probably true of the pedunculate Cystids ; though I

much doubt whether the Agelacrinidee had a chambered organ. This peculiar structure,

which is so important a part both of the blood-vascular and of the nervous systems, is

essentially anti-ambulacral, being developed in the right larval antimer. With its

connections it is as important a part of the organisation of a Pelmatozoon as the cerebro-

spinal axis is in a vertebrate animal ; and there is in many respects a striking analogy

between the two.

Although in such intimate relation with the basal and radial plates, the chambered

organ cannot be correlated with their presence ; for true homologues of these plates occur

in the Echinozoa, in none of which have any traces of an aboral neuro-vascular centre yet

been discovered.

There are two characters, however, by which some or all of the Pelmatozoa are

especially distinguished, viz., (l) the presence of a stem, and (2) the development of arms

upon the primary radials, with muscular articulations between their component joints. The

majority of the Pelmatozoa have both stem and arms, but the Astrocrinidse seem to

have had neither, though possibly stalked when young ; while the remaining Blastoids
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and the Cystids had uo such arms, and the Holopodida^ and Edriocrinus were stemless.

None of the typical Pelmatozoa, however, are devoid of both stem and arms, with one

or Ijoth of which the chambered organ seems to be correlated. A so-called pedunculate

Starfish has already been described by Prof Perrier,^ and it was with much disappoint-

ment that I learnt from Mr. Sladen^ that Caulaster is far from being the interesting type

which it was at first supposed to be. I am not without hopes, however, that future

morphological work upon Urchins and Starfishes may tlirow more light ujDon this question ;

and there is very much to be done by those who will go into the study of the Palaeozoic

Starfishes equipped with a knowledge of the morphology of recent Echinoderms, and

will not be content with merely compiling empirical descriptions of new species.

Miiller's original classification of the true or brachiate Crinoids divided them into

three groups, Articulata, Tessellata, and Costata, the last including the problematical

genus Saccosoma, which may perhaps eventually turn out to be an Ophiurid. Reference

has abeady been made {ante, pp. 145-147) to the uusuitability of the Miillerian names

Articulata and Tessellata for the two other principal divisions of the brachiate Crinoids.

The latter is practically co-extensive with the Palseocrinoidea of Messrs. Wachsmuth and

Springer.^ These authors have gone further than Zittel and de Loriol, and have pro-

posed to divide up the Crinoidea (understood in the widest sense) into the following

orders:—(1) Blastoidea
; (2) Cystoidea; (3) Palgeocrinoidea ; (4) Stomatocrinoidea

;

(5 1) Costata. This classification, however, has been by no means generally accepted.

Difi'erent as are many of the Palseocrinoids, e.g., Eucalyptocrinus, from a Pentacrinite,

others, such as the Ichthyocrinidse, have many of the characters of a recent Crinoid ; and

an arrangement which elevates the difierence between Pentacrinns and Ichthyocrinus to

the same importance as those between Fentacrinus, Pentremites, and Echinosj^hmrites

respectively, appears to me to be founded on a misconception of the value of morpho-

logical characters.

On the other hand, although the definition of the Palaeocrinoidea which has been given

by Wachsmuth and Springer is capable of improvement in one or two respects, it is far

more correct and is based upon sounder morphological principles than any definitions of

the Tessellata which have been di'awn uja by Miiller and his followers. But I cannot

regard the two groups Palseocrinoidea and Stomatocrinoidea (Articulata or Neocrinoidea)

as equivalent to the Blastoids and Cystids ; so that while keeping the Palseocriuoids at the

level of an order, I should rank the Blastoidea and Cystidea as classes, in accordance

with the practice generally adopted in this country.

Prof Chapman* has proposed a classification of the brachiate Crinoids which "is

1 Siir une Asterie des grandes ijrofondeurs de I'Atlantique, pourvue d'un p^doncule dorsal, Comptes rendus,

t. xcv. pp. 1379-1.381.

2 The Asteroidea of H.M.S. Challenger Expedition, part ii., Juurn. Linn. Soc. Land. (Zool.), vol. xvii. p. 217.

2 Revision, part ii. p. 3.

* A Classification of Crinoids. Trans. Boy. Soc. Canada, vol. i., 1883. Section iv., 1882, pp. 113-116.
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based essentially on the presence or absence of a canaliculated structure in the calyx and

arm plates." The last of his three leading divisions, the Canaliculataj corresponds to the

Articulata, Miiller ; but Chapman's name does not appear to me to be so greatly superior

to ]\Iuller's that it could be adopted without hesitation. Platycrinus, Marsiqntes, and

Uintacrinus have perforated first radials. They are, however, placed by Chapman
among the EmeduUata, in which "the calyx plates are without internal canals."

The absence of canals in the calyx plates is a character of very general occurrence

among the Palaeocrinoids, and one which does not present itself in any adult Neocrinoid.

But there are several Palaeocrinoids in which it does not occur at all, and it cannot there-

fore be used as the principal " differentia " for separating the older (TesseUate) from the

younger (Articulate) Crinoids.

Reasons have already been given for preferring the name " Neocrinoidea " for the

latter group to either Stomatocrinoidea or Articulata. The second of these names is

certainly founded upon a misconception, and I believe the same to be the case with the

first one ; while neither of them was ever properly defined by its author. The name
Neocrinoidea is coming gradually into use ; and as the essential differences between this

order and that of the Pal^ocriuoidea have already been discussed in Chapter X., it is not

necessary for me to go into them again, though they may be conveniently put in the

form of a definition.

Order Neocrinoidea.

Crinoids with a regularly pentamerous calyx, which is generally without primary

interradial plates, and except in one genus has no anal or azygous side. The calyx-

radials are perforated, and are generally united to the succeeding plates by a muscular

articulation. The rays may remain simple, or divide from one to eight times, the first

axillary being usually the second joint after the primary radials of the calyx. Orocentral

plate probably never developed ;. orals, when present, may be limited to larval existence,

or remain through life partially covering the peristome, but capable of being separated

so as to open the mouth to the exterior. The oral surface of the visceral mass,

with the ambulacra traversing it, may be more or less paved by plates, but is not in

any way covered up and shut off from the exterior by a vault.
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XII.—DESCRIPTION OF THE SPECIMENS.

Class CEINOIDEA.

Order Neocrinoidea.

Family HoLOPlDiE, Eoemer, 1856 ; emend. Zittel, 1879, and P. H. Carpenter, 1884.

Genus, Holopus, d'Orbigny, 1837 ; emend. P. H. Carpenter, 1884.

A. General Account of the Type.

Definition.—Basals and radials completely anchylosed into an asymmetrical tube-

like calyx, which is' fixed by an irregularly expanded base. On the upper edge of the

cup are five unequal articular surfaces for the attachment of the second radials. Arms

ten, massive, and closely inroUed. Disk relatively small, with a central mouth pro-

tected by five oral plates, between which and the edge of the cup is a very narrow irregular

pavement of smaller plates. Anus probabl}^ present, but not yet observed.

Remarks.—The description of this genus, which was established by d'Orbigny in

1837, attracted much attention on account both of the novelty and of the rarity of this

singular type. The specimen described by d'0rbigny7 which was for a long time unique,

was brought from Martinique by M. Sander Eang. It is tetra- instead of penta-ratliate

as most Crinoids are, and this seems to have caused some misconception respecting its

true nature, for it receives no mention whatever in Pictet's Paleontologie ; while

Dujardin and Hupe^ expressed their opinion in 1862 that Holopus is not a Criuoid at

all, but an altogether different type, probably a Cirripede.^

A few years later, however, a normal pentaradiate example was brought up on a

fisherman's line from deep water off Barbados. It was fortunately acquired by the

governor, Sii' Rawson Rawson, and was placed by him in the hands of Prof. Louis Agassiz

during the stay of the "Hassler" at Barbados in 1872. Prof. Agassiz intended to have

published a full description of the specimen, but was prevented from doing so by failing

health, and after his death the figures which he had prepared were published by

Mr. Alexander Agassiz, together with a short descriptive note by Count Pourtalfes.^

1 Memnire sur une seeonde espt>ce vivante de la faiuille des Crinoides on Encrines, servant de tj-pe au iiauveaii

genre Holope (Holopus), Gue'rin, Mag. de ZooL, 7me annee, Classe x., 8 pp., pi. 3, Paris, 1837.

' Op. cit., p. 218.

3 Description of a Specimen of Holopus rangii from Barljados, Mem. Mus. Comp. ZooL, vol. iv. No. 8, p. 51.
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This specimen was subsequently entrusted by Sir Rawson Eawson to Sir Wyville

Thomson, together with two others which he had obtained in 1876, after the publication of

Pourtales' notice of the first one. Sir Wyville described the three as follows :
^ " One

is very complete in all important points, wanting only the two ' bivial ' arms, but retain-

ing the mouth-valves. The second is a little larger ; it wants the mouth-valves, and

a^ain the bivial arms ; and with Sir Eawson Eawson's sanction I boiled this specimen

down to figure and describe the separate parts. The third specimen is quite perfect,

the arms closely curled in in their normal position when contracted ; but it is very young,

only about 8 mm. in height. Besides the four examples mentioned, I am aware of only

another which I have not yet seen ; it was shown at the Philadelphia Exhibition, and

was afterwards bought by the Museum of Comparative Zoology at Cambridge, Mass."

The second of these seems to have been the original specimen described by Pourtales,

from which the oral plates or mouth-valves had dropped away ; and as it was gradually

falling to pieces from natural decay. Sir Eawson Eawson allowed it to be dissected.

The figures on PL III., with the exception of fig. 2, and figs. 1-4 on PI. V., show the

results of this process. Fig. 2 on PI. III. is a slightly idealised view of the interior of

the cup, so as to show the oral plates of the large specimen represented in PL 11.^ This

was supposed by Mr. Murray to belong to Sir Eawson Eawson, and as it corresponds

to No. 1 of Sir Wyville's list, I quite imagined this to be the case ; but Sir Eawson

Eawson does not recognise it as his, and I conclude therefore that it is the mutilated

dry specimen which Prof. Agassiz informs me was sent by him to Sir Wyville with

permission to ''cut it up for details. In like manner Sir Eawson Eawson thinks it

possible that the original of PL IV. may be his young specimen mentioned by Sir

Wyville as only about 8 mm. in height, but as Prof. Agassiz tells me that he also sent

Sir Wyville a small individual, I fear that two specimens have somehow been mislaid.

The one which was shown at the Philadelphia Exhibition, and subsequently bought by

the Museum of Comparative Zoology, is the original of PL I.

It was obtained by Mr. Wilderboer, the collector for Sir Rawson Eawson, after the

latter gentleman had left Barbados, and having come into the hands of Prof. Agassiz,

it was sent by him to Sir Wyville Thomson, together with the Holopus material obtained

during the dredging expeditions of the "Blake." This consisted of (l) the very young

individual shown in PL V. figs. 9, 10; Cruise of 1877-78; Station 22, 100 fathoms
;

ofi" Bahia Honda, lat. 23° 1' N., long. 83° 14' W. ; temperature 71° F. (2) The single

ray shown in PL Vb. fig. 4. This was preserved in spirit, and the greater part of it

was subsequently cut into sections. Cruise of 1878-79 ; Station 157, off Montserrat,

120 fathoms.

1 On the Structure and Relations of the genus Holopus, Proc. Roy. Soc. Edin., 1877, p. 407.

2 I did not find tills out until too late to alter the notice of the oral plates of Holopits, which appears on p. 95.

See p. 208.
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face on the dorsal side of the pit (PL III. figs. 14, 15). But on the lower arm-joints

and on the radials there is practically nothing of this kind, and the pit lies immediately

next to the dorsal edge of the articular face. But the dorsal surface of the joint is

strongly convex and produced far below this edge, as is well shown in PI. III. figs. 5-13.

This is also the case with the distal portions of the first radials, as may be learnt from a

comparison of figs 1 and 2 on PI. V. The latter represents a horizontal section of the

radials which passes 2 mm. below theii- edge on the concave (bivial) side, and 7 "5 mm.

below it on the convex (trivial) side.

Around the opening of the central funnel, which is narrower than at the top of the

calyx, is an irregularly shaped pentagonal figure. This is formed by the lines of the

transverse articular ridges, which in Holoims, as in all other Crinoids, are formed

of a much closer and denser limestone reticulation than the remainder of the skeleton.

Immediately within these lines are the indications of the small openings of the central

canals of the radials ; and just outside them are the ends of the pits lodging the dorsal

hgaments. The texture of the limestone network forming the inner faces of the radials

and the fossae for the attachment of the muscles and the interarticular ligaments

is remarkably different from that of the outer portion of the cup. The two are separated

by the lines of the transverse articular ridge, as is showTi in fig. 2 on PI. V. and more

distinctly in fig. 7, where the dark line indicates the position of the articular ridge. The

substance of the radials inside this line is formed of an irregularly open network, the

meshes of which reach 0"08 or 0"09 mm. in diameter, though many of them are much

less, sometimes not a quarter that width.

The peripheral portion of the cup, however, is formed of a much more regular net-

work. This consists of concentric and radiating rods which enclose circular or elliptical

meshes from 0"015 to 0'035 mm. in diameter, and disposed in regular rows with their long

axes tangential. Here and there, as shown in PI. V. fig. 7, the lines of the meshwork

are a little irregular, but its general character is very uniform. The difference between

the two types of network is most marked, as much in the regularity as in the size of the

meshes, as is weU shown in the inner and outer portions of fig. 7, and also in the

enlarged portions of limited areas which are represented in figs. 5 and 6. Fig. 8, on the

same plate, is an ideal diagram, constructed b}^ Mr. Black, showdng the regular disj^osi-

tion of this peripheral reticulation. The difference of the two textures is obvious enough

to the naked eye ; but it becomes more apparent with the help of a lens which brings out

the regularly striated aspect of the outer part of the cup. This is weU sho^Ti in PL '\".

fig. 2, and less clearly in fig. 4, which represents a section taken about 5 mm. above the

basal expansion, and corresponding to the upper face of the vertical section shown

in fig. 3.

The central funnel is here much narrowed, and the lines of the articular ridges are

seen at a distance of about 1 mm. from its opening. Outside the pentagonal figure
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bounded by these lines, the whole of the skeleton is formed by the regular, small-meshed

network ; while the inner, less dense portion which has a whiter look, narrows gradually

downwards as shown in fig. 3, until it entirely disappears from the wall of the diminish-

ing central funnel. There is no trace of it round the greatly reduced opening on the

under surface of the segment of the cup which is represented in figs. 3 and 4. In this

specimen, as in that represented in PL I. and also in d'Orbigny's original, the lowest

portion of the calyx-tube immediately above the spreading base, is partially covered with

a chitinous-looking layer of variable height, and marked liy roughly concentric lines

which somewhat obscure the calcareous network beneath. It is merely a thin superficial

skin, however, and is evidently of no special importance, or it would be universally

present.

The pentagonal figure indicating the position of the articular ridges on the radials is

still visible in the section shown in fig. 4, which corresponds to the upper surface of the

fragment represented in fig. 3 ; and the openings of the central canals are also traceable.

This would indicate that the greater part of the calyx-tube is composed of elongated

radials. One of these canals is seen in nearly longitudinal section in the portion of the

lower half of the cup which has been removed to expose the view given in fig. 3. But it

is not traceable beyond the limit of the w^hiter, less dense portion of the skeleton. I

strongly suspect, therefore, that this indicates the position of the lower surface of the

radials ; and the analogy of all other Crinoids would lead to the conclusion that the

small portion of the calyx-tube between this and the spreading base consists of closely

anchylosed basal plates, the presence of which was taken for granted by Sir Wyville

Thomson.^ There must certainly be a chambered organ, from the fibrillar envelope of

which the axial cords of the rays and arms originate (PI. Vc. fig. 2, A) ; and one would

naturally expect it to be situated at the lowest part of the calyx-tube. This narrows

rapidly dowmwards, and its interior is marked by five vertical ridges corresponding with

the radials in position. They are fairly distinct at the level of the section shown in

PI. V. fig. 4 ; but they become less marked as they proceed downwards, and, being

composed of the whiter, less dense network, disappear together with it. They extend

upwards to the edge of the cup at the intermuscular notches ; though they are much less

distinct on some of the radials than on the others. They thus occupy the position of the

ventral radial furrows which are often so marked on the interior of the central funnel of

the calyx in other Crinoids (PI. X. figs. 1, 4, vrf; PI. XII. fig. 15; PI. XX. fig. 8 ;

PI. XXX. fig. 3).

From the facts detailed above, we may, I think, assume with tolerable certainty that

the tubular body-chamber of Holoinis is not composed of a " piece centro-dorsale sessile
"

as stated by de Loriol ;- but that it consists of basals and radials like the calyx of any

other Crinoid. I cannot quite make out whether de Loriol employs the word " centro-

1 Loc. cit, p. 407. 2 Paleont. Frang., he. cit., p. 188.

(ZOOL. CHALL. EXP. PART XXSIf. 1884.) 11 26
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dorsal" in the sense in which it is usually understood, i.e., as the cirrus-bearing top stem-

joint of the Comatulse. The tubular body-chamber of Holopus is, however, distinctly

not of this nature ; so that the use of the name " centro-dorsal " is apt to lead to confusion.

In a subsequent passage ^ de Loriol expresses another view of the composition of this cup

or "cupule." He speaks of the axillaries which are articulated to its upper edge as

" radiales uniques," resting as in CyathkUum, " sur les angles de la cupule, qui pourrait

done etre evisagee comme etant composde de cincj^ pieces basales interradiales." This

would be a most singular morphological condition, and one without a parallel in any

other Crinoid. Primary radials would be in contact with each other, but not united, and

rest on articular surfaces each of which would be formed by the upper edges of two

basals.

The union between basals and radials is invariably a simple synostosis such as I have

described above (pp. 2, 3), and never a muscular joint like that between the upper edge

of the calyx-tube of Holopus and the compound axdlaries. The evidence afforded by

sections of the cup, however, indicates clearly that it is principally composed of closely

united first radials which, as will be pointed out subsequently, have a remarkable

similarity to the radials of the Liassic genus Eudesicnnus.

Sir Wyville Thomson thought it probable that second radials are also present in the

cup. If so, they must be united to the first by synostosis, which would be a most

unusual condition in any Neoerinoid ; and the close resemblance of Holop)us to Eudesi-

crinus seems to negative this idea altogether ; while, as pointed out by Sir WyvUle,' there

would be a true muscular joint between the second radials and the radial axillaries, which

is not the case in any other recent Crinoid.

Considering then the articular surfaces at the edge of the calyx tube as those of

first radials, we find that they diflfer considerably in size. According to Sir Wyville

Thomson^ " the upper border of the cup, bearing the facets, is very irregular in thickness
;

and in all the specimens which I have seen, including d'Orbigny's, one side of the border

is much thicker and considerably higher than the other side, and the three arms articu-

lated to it are much larger than those articulated to the opposite side. There is thus

a very marked division into " bivium " and " trivium," and consequently a bilateral

symmetry underlies the radiated arrangement of the antimeres." This is shown in PI.

V. fig. 1, and also, though less clearly, in PI. III. fig. 1. Besides this again the individual

facets, both of bivium and trivium, are of dift'erent sizes and shapes. The articular ridge

which crosses the central facet of the trivium is considerably longer than that of either of

the two remaining facets, and these are longer than the ridges on both the bivial facets.

The adjacent muscular plates of these two last are fused into a short tongue-shaped

process which stands up prominently in the angle of the bivium. It is essentially of the

same nature as the " clavicular piece " which projects in the middle of the distal

1 Paleont. Frang., he. cit., p. 101. ^ x^c, ^^j,^ pp_ 407^ 408. ^ Loc. cit., p. 408.
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face of every axillaiy, radial or otherwise (PL III. fig. 4; PI. XXI. fig. Ic). A similar but

larger process is formed by the fusion of the remaiuing muscular plate of one of the

bivial facets svdth its fellow on the adjacent facet of the trivium (woodcut, fig. 10).

This is seen in the lower part of PI. V. fig. 1 ; and it is also

visible projecting into the cavity of the calyx in the corre-

sponding part of fig. 2. The other projection seen to the west

of it in the same figure is formed b}^ the united muscle-plates

of two of the trivial facets, which extend inwards in a more

horizontal direction than the larger processes already described.'

These two large projections are also seen in the north-east por- Fig. lo.—view of the ..pper part of
,• r £ 1 T)1 TTT 1 1 T1 1 1 1 ii the calyx-tube of Holmjiis ran/ji
tion 01 fig. 1 on PI. ill., which likewise shows very clearly the on its iWer or bmai side. The

,. Piii ^ • ^ f , ^ • , -\ n t^^'o Iji^ial facets are well shown,
separation oi the two Ijivial lacets by a pointed upward together with the iuterracUaipro-

- . . cess separating them. The left

extension Ol the outer SUliaCe OI the calyx. IhlS is very liaml one is separated from the
•^ adjacent trivial facet hy a still

evident in PL I. fig. 1, and in the rioht hand figure on larger process
; but there is only° 'J o a small one on the right side.

PL II. The latter on its left hand side shows traces of the

same condition between the other angle of the bivium and the trivial facet next it. This

is also visible on the left of PL III. fig. 2. But it is much less distinct in the large

specimen represented on PL I. In the young individual shown in PL IV. this character

is fairl}^ well marked, except at the two angles of the trivium ; while in the stiU younger

and very remarkable specimen obtained by the "Blake" (PL V. figs. 9, 10), the shallow

calyx is much more s}Tnmetrical, and its outer surface sends a pointed extension upwards

between every two facets.

This surface is marked by an irregular row of scattered tubercles, though none are

visible in the other young specimen (PL IV.). They are replaced, however, by tolerably

well defined ridges which occupy the middle line of the radials, and extend do-RTiwards

from their upper border to a little distance from the spreading base. They diminish as

they go, and finally disappear altogether at a level which probably marks the dowTiward

limit of the radials. They are naturally more distinct on the tri\'ial than on the

bivial side, and are better marked on the united second and axillary radials,

where they bifurcate and are continued outwards on to the arms as well defined

medio-dorsal ridges. The low^er joints, especially of the trivial arms, also bear one or two

small tubercular elevations on either side of the median ridge. These median ridges like-

wise appear on the second and third radials of the youngest specimen, in which, however,

they have more the appearance of a partially disconnected line of tubercles (PL V.

figs. 9, 10). A row of ill defined tubercles is also visible immediately inside each lateral

edge of the second radials. There is a good deal of diff"erence in the external ornamenta-

tion on the calyx-tube of the two adult individuals. The large American specimen

1 Both these figm-es, as Trell as the remaining ones on the plate, and in fact all those dra^^Ti for Sir "\V3-\-ille

Thomson, are reversed, having been dra-svn upon the stone in the natural position of the specimens.
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(PI. I.) is almost bare, though faint elevations are visible along the middle lines of the

radials, and indistinct, scattered tubercles appear between them, except in the centre

of the trivium. In the smaller specimen, however (PI. II.), there are three, fairly distinct

double rows of blunt tubercles which correspond to the tri\dal radials. But on the

bivial side there is more indication of median ridges ; while in the fragment shown in

woodcut (fig. 10) the double row of tubercles is tolerably distinct all round the cup, except

on one of the bivial radials. Other tubercles are scattered about between these rows,

though without any definite arrangement; while they are abundant on the dorsal surfaces

of the two outer radials and of the large lower arm-joints (PI. III. figs. 3-9), disappear-

ing, however, as the joints become more and more comj)ressed laterally.

All the entire specimens of Holopus which are known to science have been preserved

in the dry state, and have a blackish-green tint which is due to pentacrinin, as stated above

{ante, p. 129). It is darkest in the older individuals, and contributes to the shagreen-like

appearance that is so characteristic of the type. An isolated ray (PI. Va. fig. 3

;

PI. Yb. figs. 4, 5) was, however, obtained by the " Blake " ofi" Montserrat, and preserved

in spirit. In this condition the skeleton has a dead white appearance.

In the figure of d'Orbigny's original specimen the first radials are showTi to bear large,

pentagonal axillaries which appear to be all in one piece. They were so described by

Pourtales,' and also by Sir Wyville Thomson,"'^ who did not, however, exclude the

possibility that they might be formed of the second and third radials coalesced, with the

syzygy between them obliterated. The very young individual dredged by the " Blake,"

and the somewhat older form, shown in PI. lY., throw much light upon this question.

The calyx-tube of the former (PI. Y. figs. 9, 10) is wide and shallow, while the second

radials which it supports are widely hexagonal and only partially in contact laterally.

Eesting upon their distal edges are the smaller triangular plates to which I have I'eferred

as the axillaries. Agassiz, in his brief description of this remarkable form,^ states that the

larger hexagonal plates are " the radial axillaries of Sir Wyville Thomson, but the smaller

triangular ones seem to become fused with them in the adult." I think, however, that

there can be little doubt that the larger plates are second radials, and the triangular ones

the third or axillary radials. They are all equal and similar, and meet one another all

round so as to completely close the cavity of- the calyx. It might be suggested that

these are the combined second and axillary radials, while the hexagonal j)lates are the

first radials, and no others are present. I do not think, however, that this can be the

case
;
partly on account of the very marked manner in which the hexagonal plates are

separated from one another and from the shallow cup below them ; and partly because

there is no indication whatever of their sending upward extensions between the

1 Mem. Mus. Comp. Zool., vol. iv. No. 8, p. 62, 1878.

" Loc. cit, p. 408.

' Description of a young Holopus, Bull. Mtis. Comp. Zool., vol. v. p. 213, 1879.
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axillaries, like those visible iii the next youngest specimen (PL IV.) ; whereas the hexa-

gonal plates themselves are separated in this manner.

Further, in nearly all Neocrinoids which have ten or more arms there are three

radials. This is true of all the recent Crinoids except Metacrinus, which has a larger

numljer, four or six ; and the only fossil genus which has two radials is the aberrant

form Plicatocrinus.

In all the Neocrinoids, except de Loriol's recently established genus Eudesicrinus,

there is either a syzygy or a ligamentous articulation between the two outer radials ; and

the existence of a syzygy in Holopus is therefore nothing unusual, though there is less

evidence of its presence in the adult condition than is usually the case. But this is

scarcely surprising when we remember the excessively intimate union of the first radials,

of which no indication whatever is visible on the exterior of the calyx. Some individuals,

however, exhibit distinct traces of a sutural line dividing the large axillary into two parts.

Such a line is visible in the young specimen (PI. IV.) on all the axillaries of the trivium,

crossing them at the point where the medio-dorsal ridge bifurcates as described above ;^

but it is less distinct in the two bivial axillaries. On the other hand, the three trivial

axillaries of the large American specimen present no indications whatever of being

composite joints, and have a regular, broadly pentagonal shape. This is well shown in

PL I. fig. 2 ; but the bivial axillaries represented in fig. 1 are of an entirely different

character, each of them being distinctly in two parts, which look as if they were

articulated rather than suturally united, while they do not present the symmetrical

appearance characteristic of the corresponding parts in other Crinoids.

In the one case there is a large and wedge-shaped second radial which has all the

appearance of an ordinary brachial. It supports a triangular axillary, but the apposed

faces of the two do not correspond exactly. The axillary extends beyond the narrower

end of the second radial, and so comes in contact with the upward extension of the first

radial already described. This is shown in PL I. fig. 1. The broader end of the second

radial, however, extends considerably beyond the axillary, and meets not only the com-

posite axillary of the adjacent trivial ray, but also the first brachial of its own ray as well

as that of the next.

The second radial of the other bivial ray, which is shown in the middle of PL I. fig. 1,

is more oblong than its fellow. Like it, however, it is wider than the roughly triangular

axillary, and supports a considerable portion of the large first brachial. But it is not

overlapped by the axillary at the other end, and completely cuts it off from the first

radial below.

None of the four remaining axiUaries of the specimen figured in PL II. show any

distinct traces of their being of a composite character ;- though there are some lines upon

1 These lines are not clearly seen in the positions of the specimen which are represented on PL IV.

2 The lower angle of one of these exhibits an accidental fracture.
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one or two of them whicli may perhaps admit of this interpretation. But not even this

can be said of the originals of figs. 3 and 4 on PL III. I think, however, that the evidence

detailed above is sufficient to bear out the statement that Holopus has three radials, of

which the two outer ones are united by syzygy. We should accordingly expect to find

a similar syzygial union between the first and second brachials ; but of this there is no

evidence whatever. The distal face of the first and the proximal face of the second

brachial (PI. III. figs. 3, 7) present the ordinary characters of a muscular joint. There

are, indeed, in the small specimen shown in PI. IV. some traces of lines crossing the first

brachials, which might be taken as indicating a syzj'gial union of two primitive joints

;

but they are nothing like as distinct as those in the radials. I think, therefore, that for

the present, at any rate, we must regard Holopus as an exception to the general rule

which holds good in other Crinoids, as to the similarity between the modes of union of the

two outer radials and the two lower brachials respectively [ante, p. 49). It is further

remarkable from the fact that there seem to be no syzygies between any of the other

arm-joints.

The outer sm'faces of the composite radial axillaries were described by Sii- Wyville

Thomson^ as "very gibbous, thrown out into almost hemispherical projections, studded

with low tubercles " (PI. III. figs. 3-5). They are produced dorsally a considerable

distance beyond the edges of the articular faces, as is the case with all the lower arm-

joints (PL III. figs. 6-13) ; and they fit very closely against their fellows, their sides

being flattened and more or less marked by ridges and furrows, which interlock with

those on the adjacent axiUaries. These furrows are also apparent on the sides of the

lower arm-joints (PL II.; PL III. figs. 6-12; PL Va. fig. 3; PL Vb. fig. 4). The

muscle-plates of the axillaries, and in a less degree also those of the arm-joints, are greatly

thickened, and their upper edges are cut out into coarse teeth. This is well shown in the

right-hand figure on PL II. and in the upper part of PL III. fig. 2, where some of the

adjacent axillaries are seen interlocking with each other.

In all the specimens of Holopus yet known, including the fresh fragment dredged by

the "Blake" off Montserrat, the arms are strongly recurved, and by their close mutual

apposition conceal the disk entii'ely (Pis. I., II., IV.; PL Va. fig. 3 ; PL Vb. figs. 4, 5).

Obviously, however, this cannot be the natural condition of the living animal. There is a

large food-groove on the upper surface of each arm and pinnule (PL Va. fig. 1 ; PL Vb.

figs. 1, 4, 5) ; and there is every reason to think that the living animal, when undisturbed,

spreads out its arms with the ventral surface upwards just as other Crinoids do for the

purpose of obtaining food. The large size of the paired flexor muscles uniting the joints

(PL Vb. fig. 1, rii) would seem to give the power of rolling in the arms very rapidly

and completely, so as to afford the utmost protection to the soft parts contained

within the cup ; while the smaU, but very close and compact bundles of elastic

1 Loc. cit., p. 408.
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ligaments on the dorsal side of the articular ridges would help in the extension of the

arms again.

It has already been mentioned that the trivial arms are larger and better developed

than those of the bivium ; l^ut in both cases a variable number of the lower joints

(PI. III. figs. 6-13) are considerably larger than those which follow them (figs. 14, 15),

and the passage from one to the other is usually somewhat sudden. On the trivial arms

there are generally from 8 to 10 of these large, massive joints ; but on the bivium there

are only about seven, six, or even less. The difference between the two is very well

shown in the small specimen represented in PI. IV. The shape of these lower arm-joints

is rather variable. They may be roughly oblong as is the case with the first two or three,

or their edges may be more oblique so as to give them a truncated wedge-like form.

The more wedge-shaped these joints are owing to the obliquity of their terminal faces,

the greater is the inequality in the size of the muscle-plates on the two sides of the

median groove. This inequality is visible in the joints represented in PI. III. figs. 10 to 12,

though it is sometimes still more distinct. The pinnule-socket of such a joint is on the

thickened upper edge of the higher muscle-plate. The general character of these lower

arm-joints is much less regular and symmetrical than is the case in other Crinoids, so

that many of them are more or less of a monstrous nature. In some few cases, indeed,

the joint is smaller than usual and triangular, not extending completely aci'oss the arm,

so that the joints above and below it come into contact with one another. This is shown

in various parts of both figures on PL I.; and it is comparable to the condition of other

parts of the same specimen, viz., the way in which the first brachials may partly rest on

the second radials, or the axillaries on the first radials, as has been already described.

Sometimes again, a first brachial becomes unusually large, as is shown on two of the

bivial arms in PI. I. fig. 1. The inner one of the two bears a small, triangular, second

brachial, and consequently comes into contact with a similarly large, third brachial along

its outer edge ; but the outer edge of the other second brachial sends a long process

forward by the side of the next three joints, which are much smaller than their fellows

of the adjacent arm.

Other u-regularities of growth appear in the same individual, but they are by no

means so marked in that shown in PL II. This, moreover, shows very well the rather

sudden diminution in the size of the arm-joints which lose their tubercles and gradually

become laterally compressed, so that their medio-dorsal edge is tolerably sharp. This

form of joint is figured in PL III. figs. 14, 15, and PL Vc. fig. 2. The longest arms

seem to have about eighteen of them, raising the total number of brachials to between

twenty-five and thirty.

The larger, outer sides of all the brachials bear the pinnules (Pis. II., Va., Vb.).

That of the first brachial is comparatively small, and is attached close to the distal edge

of the joint ; the next pinnule is invisible in all the specimens, but those of the third
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and following brachials are much larger and have broad lower joints that gradually come

to take up more and more of the whole surface of the arm-joints to which they are

attached. In fact the bases of the pinnules of alternate joints that are borne upon the

same side of the arm are only just separated from one another by the narrow ends of

the intervening joints, which have their pinnules on the opposite side of the arm. This

is well shown in the right-hand figure on PI. II., and also in PI. Va. fig. 3. The pinnules

are rolled in upon themselves (PI. III. fig. 16) exactly in the same way that the arms

are (PI. Va. figs. 1,2). The four or five lower joints are very broad, but the rest of the

pinnule tapers away rather rapidly. The joints are united by paired muscular bundles

(PI. Vc. fig. 2, m), which is a somewhat unusual condition.

The disk of Holopus is unfortunately still but very imperfectly known, and I have

only been able to examine it in one specimen. The central mouth is protected by five

large and triangular oral plates which are opposite to the clavicular pieces of the united

radials (PL III. fig. 2). The lateral edges of each of these plates are thickened and some-

times more or less cut into false teeth ; while the raised central portion is pierced by from

fifteen to twenty minute holes, the water-pores. The bases of the orals seem sometimes

to rest directly against the edge of the radials ; while they are sometimes separated from

this edge by an irregular row of small triangular plates. It is not unlikely that an

anal tube is concealed somewhere or other among these plates, as in the case of Hyocrinus

(PI. VI. figs. 3, 4) ; but I have seen no certain traces of it in the dry specimen. The

same would probably be the case with Hyocrinus under similar conditions.

The food-grooves which come away from the mouth between every two of the oral

plates are continued out on to the axillaries and from thence on to the arms. They

occupy the deep channel between the large muscular processes at the sides of the joints,

and in the dry specimen appear to be bordered by small, irregular plates. These, how-

ever, do not seem to correspond either to the side plates or to the covering plates of other

Crinoids (PL Vc. figs. 9, 10; PL XLIX. figs. 6, 7; PL LL figs. 11, 12; PL LIV.

figs. 4, 6-9); for an examination of spirit specimens shows that these small plates really

belong to the tentacles, which are relatively large and stout (PL Va. figs. 1, 2. PL Vb.

fig. 2 ; PL Vc. figs. 1-3—T). The bases of these tentacles are protected by scale-like

plates formed of the usual calcareous reticulation (PL Vb. figs. 2, 3). They are not easUy

made out at the side of the arm-groove, but on the lower parts of the pinnules there seem

to be from two to three tentacles on either side of each joint. It is difiicult to get a correct

estimate of their absolute size ; but after careful comparison with, an eyepiece micrometer

I should judge them to be nearly twice the size of the largest that I could find in any

preparations of Antedon eschrichti. The general arrangement of the tentacles is the same

as in other Crinoids ; but the epithelial layer covering them is, if anything, thinner than

in Antedon eschrichti, though thrown into much stronger corrugations at the outer ends

of the tentacles.
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Shortly before his death Sir Wyville Thomson placed iu my hands a portion of the

ray represented in PI. Vb., with the request that I would cut it into sections for him. I

found this to be an exceedingly difficult task, partly because of the rolled-up condition

of the arms, and partly because the calcareous substance of the skeleton is so much

denser than that of other Crinoids; so that the organic basis which is interpenetrated by it

and remains behind after decalcification, has nothing like the consistency that we meet

with in the corresponding parts of the Comatulse or of Batliycrinus. The presence of

large bundles of muscles and ligaments without any helping syzygies also increases the

difficulty of all attempts to obtain thin sections. But although I was not so successful

as I could have wished, I was able to determine satisfactorily that the anatomy of a

Holopus-axm is similar in all essential respects to that of an ordinary Crinoid (PI. Vb.

fig. 1 ; PI. Vc. figs. 1, 2). The axial cord traversing the central canal of the skeleton

gives off its pinnule branches in the usual way, i.e., alternately on opposite sides. These

branches have a long distance to go before they reach the pinnules, owing to the

attachment of the latter on the upper edges of the large muscle-plates. As long as the

branch remains in the substance of the arm-joint it does not take a straight course as is

the case in the other Crinoids, but is thrown into a series of loops in a dorsoventral

direction (PI. Vc. fig. 2, a), and after it enters the pinnule its course is still somewhat

sinuous (PI. Vc. fig. 3, a).

These branches, like the main arm-trunk, are relatively of very small size, which is

perhaps to be accounted for by the fixed position of the animal. No swimming

movements are of course possible, but only those of flexiou and extension are performed

by the arms. All the ambulacral structures of the Holojous-arm are lodged in the deep

median groove of its skeleton, and are usually small in comparison with the great

transverse diameter of the joints. The coeliac canal is situated, as usual, between the two

large muscular bundles, with a small genital canal separating it from the single

subtentacular canal above (PI. Vb. fig. 1).

The epithelial lining is very much the same in character in all these canals, consisting

of low flattened cells. According to Ludwig ^ this is also the case in Antedon eschricUi,

but this statement is not borne out by his figures. In one figure ^ he represents a well

marked cellular lining to the coeliac canal and subtentacular canal, but leaves the genital

canal without any ; though in a more magnified representation ^ the wall of the genital

canal bears an excessively delicate layer of much flattened cells, which consist of little

more than nuclei. This is more in accordance with my own observations, for I have

always found that the epithelial cells in the genital canal are much flatter and less easy

to see than those in the coeliac and subtentacular canals. In Holopus, however, the

difi"erence is much less marked. The genital cord is of essentially the same nature as in

other Crinoids ; though it is of a much less branching character in the axillary radial

1 Crinoiden, he. cit., p. 29. ^ jud^ pi. xii. fig. 8. ^ Ihid., pi. xiii. fig. 13.

(ZOOL. CHALL. EXP. PART XX.XII.—1884.) IJ 27
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than is usually the case so near the disk. It is connected with ovaries alternately on

opposite sides of the arm, from about the first to the fifteenth brachial (PL Vc. fig. l,gc.).

The ovaries are short and stout, and confined to the pinnule-bases in the broader, lower

parts of the arms; but where the joints are smaller the ovaries appear immediately beneath

the water-vessel, and the boundaries between the three arm-canals cannot be traced

(PI. Vc. fig. 2, ov). The ova, of which all stages are ^-isible, are more like those of

Antedon eschrichti than is the case in many Comatul^e, but they are somewhat larger,

reaching a diameter of 0"22 mm.; while 0"1737 mm. is the size of the largest ovum of

Antedon eschrichti which was measured by Ludwig.

I have unfortunately been unable to make out anything definite with regard to the

presence of a radial nerve and blood-vessel, which are ordinarily found between the

water-vessel and the ciliated epithelium of the food-groove, but this is so often the case in

other Crinoids, except in sections of more than average goodness, that I have no doubt

whatever respecting the existence of these structures in Holopus ; and I see no good

reason to believe that in any essential point of its visceral anatomy there is any important

difference between it and other Crinoids.

All the specimens of Holojnis which have been preserved in the dry state are of a

dull dark srreen tint, sometimes verging on black. But Mr. Agassiz records that on one

occasion, off" Montserrat, the " Blake " dredged an imperfect whitish specimen. This

consisted of a detached axillary joint and the two arms belonging to it, as shown in

Pis. Va. fig. 3, and Vb. fig. 4. The green colour assumed by the dry specimens is

possibly due to post-mortem changes, as seems also to be the case in the Pentacrinidse.

Prof. Moseley informs me that many of the individuals dredged by the Challenger

were white when captured, although tinged with pentacrinin, owing to the colouring

matter being in some way masked during life, and only manifesting itself after death.

During a visit which I paid hinj recently at Oxford, one of the dry sj^ecimens of Holopus

was treated with spirit, and yielded a dull green solution with a red fluorescence.

Prof. Moseley examined it with the spectroscope, and found the colouring matter to

be identical with the pentacrinin which he had discovered in the various species of

Pentacrinus and Metacrinus that were dredged by the Challenger in the Pacific and

East Indian Archipelago.

Holopus has not yet been met with outside the Caribbean Sea. D'Orbigny's original

specimen was obtained at Martinique, whUe, thanks to Sir Eawson Rawson, others have

been discovered in the neighbourhood of Barbados. The young individual figured

in PL V. was dredged by the " Blake " in 100 fathoms off" Bahia Honda ; while

the white fragment, ah-eady mentioned, was found at a depth of 120 fathoms off"

Montserrat.

During the stay of the Challenger at Bermuda,* Sir WyvUle Thomson obtained from

1 The Atlantic, vol. i. p. 321.
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a local collector " a small worn and rounded fossil, which seemed to be the cup of a

Crinoid aUied to Holopus."

Prof. Moseley tells me that he thinks it was a recent specimen in the dry state ; but

since it has unfortunately been lost, I am unable to say anything as to its nature.

B. On the Systematic Position of Holopus.

For some time after the publication of d'Orbigny's original description of Holopus

the real nature of this remarkable t}-pe was more' or less misunderstood, partly, perhaps,

because the original specimen was tetramerous and not pentamerous like most Crinoids.

Eventually, however, Roemer ^ made the genus the type of a new family, Holopocrinidse

;

though he did not characterise it more closely. This proceeding was objected to by

Quenstedt" partly on account of the imperfection of our knowledge of the type, and

partly because he considered it possible that Holopus might be merely a larval form,

destined eventually to become detached and to undergo further transformations. He
added " Die Kiirze der Siiule, die keilformigen Armglieder mit einfachen Pinnulen sprechen

an meisten fiir die Comatulafamilie." The latter character, however, is absolutely

worthless as a generic distinction, many Comatulse having discoidal or saucer-shaped arm-

joints like those of Pentacrinus and Aplocrinus, while aU the Neocrinoids have simple

pinnules. The first peculiarity mentioned by Quenstedt is founded on a misapprehension,

for he considered the calyx to be formed of the axillary radials only, regarding the tube-

like body-chamber as a stem. It exhibits no transverse segmentation, however, and has

five articular facets on its upper edge, while it encloses the viscera ; and all these characters

are totally foreign to the stem of a larval Crinoid, or indeed of any Crinoid whatever.

In the year 1847 a remarkable new type of fossil Crinoid was described under the

name of Cyatliidium by Steenstrup,' who spoke of it as like Eugeniaxinnus, but without a

stem. In Theil ii. of the Lethsea Geognostica, Roemer made it the type of a separate family

Cyathidiocrinidse, which he placed next to the Holopocrinidse ; but in Theil v. he refers

to it as belonging to the Poteriocrinidae, together with Eugeniacrinus and Taxocrinus.

Between Holopus and Steeustrup's Ci/athidium from the Faxoe Chalk there is

certainl)' a very close analogy, though there are a few weU marked differences. Apart

from the bud-like peculiarities of growth presented by Cyathidium, it has a more open

cu]?, with relatively thinner walls than that of Holopus. Its appearance varies consider-

ably in different individuals, being sometimes low and shallow, and in other cases longer

and more tapering.

The articular facets on its upper edge are much smaller than in Holopus, and their

downward slope faces inwards instead of outwards, as in the recent form (PI. III. fig. 1),

> Lethsea Geognostica, Theil. ii. pp. 226, 227. ^ Encruiiden, p. 186.

' Amt. Bericht U. d. 24 Versamml. deuisch. Naturf. und Aerzte in Kiel, 1846, published 1847, p. 15.
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In fact the articular ridge and not the edges of the muscle-plates forms the immediate

boundary of the central cavity; and the fossa for the dorsal ligament is still more

reduced than in Holojyus, where it is represented by a median pit that is scarcely to be

traced at all in Cyathidium. The presence of these articular faces seems to have

escaped the notice of de Loriol, which is doubtless due to his not having been able to

examine sufSciently good specimens. For he describes the calyx of Cyathidiinn ^ as

composed " d'une piece centro-dorsale cupuhforme portant, sur son bord supdrieur, cinq

facettes syzygales, sur lesquels reposaient, sans doute, des pieces radiales dont le nombre

est inconnu." These supposed syzygial facets are, however, the articular faces of first

radials, which are by no means so unknown as de Loriol supposes, though their inferior

boundary is still uncertain.

The inner face of each side of the more or less pentagonal cup formed by these

radials is marked by a median furrow corresponding to the ventral radial furrow of other

Crinoids (PL X. figs. 1, 4, vrf; PI. XX. fig. 8), and immediately external to its upper

end is the opening of the central canal. These features indicate that in Steenstrup's

Ci/athidium the sides of the pentagonal cup correspond to the radials, just as they do in

Holoinis (PI. V. figs. 1, 2, 4). To this same genus Cyathidium, Schlliter has doubtfully

referred a minute Crinoidal calyx discovered by him in the Eocene of Monte Spilecco

near Venice.^ It only reaches 9 mm. in height, but has the same general form as the

cup of the recent Holopus, being attached by a spreading base, between which and the

cup proper there is a more or less well marked constriction. This does not appear to be

generally the case in the Faxoe specimens. In one or two cases there seem to be traces

of basiradial and interradial sutures, and the position of the former, if real, would indicate

that the basals are relatively much higher than they can possibly be in Holopus.

The great peculiarity of Cyathidium spileccense, however, lies in the relative position

of the radials in the pentagonal cup. Their articular surfaces correspond with the angles

of the pentagon, and not with its sides, as is the case both in Holopus and in Steenstrup's

Cyathidixim, while the middle of each side is raised into a slight ridge which separates

the articular facets of two contiguous radials. The result of this is that the five openings

of the radial canals are situated at the angles of the calyx. They occupy about the middle

of the rim, the outer edge of which is slightly truncated, and shows traces of a fossa for an

elastic ligament. The peculiar semilunar shape of these articular facets is considered by
Zittel as one of the generic characters of Cyathidium. But it certainly does not appear

in any of the Faxoe specimens which were lent to Sir Wyville Thomson by Prof

Loven. We know too little about both of these species to make them types of

different genera ; and in default of further information it appears undesirable to unite

them with Holopxis. Both forms resemble and differ from it in various points, and are

1 PaWont. Frang., loc. cit., p. 187.

2 Astylide Grinoiden, loc. cit., pp. 50-54, Taf. iii. fijs. 11-15.
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unquestionably very closely allied to it, Ijut I am inclined to think that it would be

premature to consider them all as congeneric.

Two other fossil genera of Neocrinoids, Cotylecrinus and Eudedcnniis, both confined

to the Lias, are nearly related to Holojnis and Cyathidium, and should in my opinion be

placed in the same family. This has been generally done with Cotylecrinus, which is

perhaps better known by its older name of Cotyledenna, Quenstedt. But Schliiter denied

its relationship to Cyathidium} which had been previously pointed out by Eoemer ^ and

Deslongschamps,' on the ground that there are no perforated plates in Cotylecrinus. It

is true that Quenstedt's original specimens had no radials attached, and were therefore

imperforate, as were most of those figured by Deslongschamps ; but the latter author also

described and figured a fine specimen of Cotylecrinus docens, showing the large articular

surfaces of the radials, and the openings of their central canals, just as in Cyathidium.

This must surely have been overlooked l^y Schliiter, or he could scarcely have questioned

the relationship of the two types.

Both in Cotylecrinus and in de Loriol's new genus Eudesicrinus, the radials rest upon

a more or less tubular structure which is slightly expanded below and has been variously

described. In the former genus it has been called a stem by Quenstedt and by

MM. Deslongschamps,* and a top stem-joint by Schliiter.^ ZitteP suggested that the

upper part of it, which is marked by crests with intervening fossae for the reception of

the radials, should be considered as composed of anchylosed basals, and that the lower

part is a centro-dorsal ? De Loriol," however, considers the whole as a centro-dorsal piece,

not having been able to find any trace of sutures separating the upper part from the

lower. It is sometimes found in an isolated condition, while in other cases the radials

stiU remain in connection with it, and form a perfectly symmetrical whole, no one of

them preponderating in size over the others. They have only been seen in Cotylecrinus

docens, in which they were first figured by Deslongschamps.

As in Holopus and in Steenstrup's Cyathidium, they correspond to the sides

of the pentagon, and the dorsal fossa is greatly reduced. With regard to the so-called

centro-dorsal of Cotylecrinus, I am decidedly of opinion that the upper portion on which

the radials rest represents the basals. The absence of sutures noted by de Loriol is no

proof to the contrary, as we know from the condition of the Palaeozoic Allagecrinus and

Agassizocrinus, and of the recent Rhizocrinus and Bathycrinus.^ This is in fact tacitly

admitted by de Loriol himself in the suggestion that the whole of the calyx tube in

Holopus and Cyathidium consists of anchylosed basals."

If then the so-called cupule of Cotylecrinus, instead of being a centro-dorsal as its

1 Loc. cit., p. 53. 2 Neues .Tahrbuch fiir Mineralogie, 1857, p. 817.

3 Memoire sur la Couche k Leptaena, Bull. Soc. Linn, de Normandie, t. iii. p. 181, pi. v. figs. 5, 6.

" Op. cit., pp. 174, 179. 6 loc cit., p. 53.

« Palwontologie, p. 386. 7 Pal^ont. Franc., loc. cit., p. 190.

* See Ann. and Mag. Nat. Hist., 1883, ser. 5, vol. xi. p. 329. " Paleont. Frang., loc. eit., p. 191.
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name implies, really consists, eithei* wholly or partially, of united basals, the composition

of the calyx is the same as in Holopus and Cyathidimn, in fact as in most Neocrinoids,

few of which are dicyclic. In all cases of which we have full knowledge, the basals rest

upon something representing a stem, the special organ which is so characteristic of the

Crinoids. It may perhaps be only a central abactinal plate, which becomes transformed

into an expanded disk of attachment, as in the Pentacrinoid larva of Comatida. But I

strongly suspect on general morphological grounds that the basal element in the cup of a

Crinoid does not come into direct contact with the supporting surface ; and I have an

equally strong suspicion that it is never entirely absent. The radial s of all Crinoids,

excepting the ordinary Comatulse, rest in fossae which are separated by interradial ridges

that mark the median lines of the united basals (PI. XX. figs. 2, 3). Such ridges occur

in Cotylecrinus, the raised angles of the upper edge of the cupule being interradial in

position ;^ and I am therefore disposed to agree with Zittel in regarding them as belong-

ing to basals, the lower limits of which are as yet unknown.

There is another character, besides the symmetrical radials, in which Cotylecrinus

resembles Cyathidium. This is the association of two or more individuals in a manner

suggestive of a process of budding, both internal and external. Steenstrup noticed this

peculiarity in Cyathidium, and de Loriol has described it in Cotylecrinus miliaris.- This

last species is further remarkable from the fact that the outer surface both of the cup and

of the second radials found associated with it, " est couverte de petites pustules, tantdt un

peu ^cartees, tantot, au contraire, tres serrdes." These at once recall the blunt tubercles

of Holopus (Pis. L, IL).

Cotylecrinus, Cyathidium, and Holopus are evidently very closely allied, though the

two former differ from the latter in the symmetry of then* radials.

In the remarkable form, which after having been referred to Plicatocrinus and also

to ^ugeniacrinus, has been made the type of a new genus Eudesicrinus by de Loriol,

there are, however, five asymmetrical radials. These rest " sur une base large, assez

elevee, adherente par un ejaatement aux corps soumarins. Cette base n'est point une

piece centro-dorsale semblable a celle des Cotylecrinus, renfermant les parties moUes de

I'animal, c'est un simple support." The radials of this type are much higher than those

of Cotylecrinus, and enclose a less extensive space in the centre of the funnel which they

form by their apposition. It narrows considerably below, however, and I question very

much whether it contained more than quite a small portion, if any, of the digestive

canal. But according to de LorioP " c'est done dans la cavite formee jiar les pieces radiales

que se trouvaient logees les parties moUes de I'animal." I suspect, however, that the greater

part of the visceral mass lay above the surface of the cup, and was protected by the two

outer radials and lower arm-joints, just as in Rhizocrinus and Bathycrinus (PI. VII.

figs. 2, 3 ; PI. IX. figs. 1, 3 ; PL X. fig. 20).

1 Paleout. Franj., loo. cit., pi. 20, figs. 1, 2, 5, G. - Rid., p. 204, pi. 19, figs. 15, 17. ^ Ihid., p. 98.
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With regard to the support beneath the radial pentagon of Eudesicrinus, I see no

reason for doubting that the upper part consists of united basals. In fact, one of de

Loriol's figures' shows a distinct horizontal sutural line crossing the middle of the support,

and separating the infra-radial portion with interradial crests on its upper surface from

the more spreading, attached part below. In another specimen this suture seems to be

indicated by an external circular ridge ; but the upper face of the support is marked by-

five petaloid depressions, one of them considerably larger than the rest, which surround

a central pit. De Loriol, and, I think, rightly so, regards these depressions as corresponding

to the cavities of the chambered organ, the largest being that of the large radial in the

trivium. Similar but more regular depressions appear round the middle of the upper

surface of the large basal pentagon in Ainocrinus milleri, Quenstedt ; and they are also

shown in de Loriol's figure of Apiocrinus roissyanus^ while it will be remembered that

the chambered organ is invariably in close relation with the basals (PL Vllb. figs. 1,2;

PI. XXIV. figs. 6, 7 ; PL LVIII. figs. 1, ^—ch ; PL LXL). There can then, I think, be

no doubt as to the presence of basals in Eudesicrinus, so that the so-called support does

not in reality differ essentially from the centro-dorsal of Cotylecrinus. The radials, how-

ever, are very different in the two cases. Those of Cotylecrinus are equal and similar

;

but in Eudesicrinus they are thus described by de Loriol,^ " Ces pieces sont fort inegales;

I'une est notablement plus longue et plus large que les autres, convexe et un pen arque'e

en dehors, mais dune maniere uniforme ; les deux qui la touchent, bien plus courtes et plus

etroites qu'elle-meme, ne sont guere plus lai-ges, mais plus longues que les deux autres ;

ces derniferes, qui sont les plus courtes et placees vis-k-vis de la plus large, s'arquent en dedans

et se coudent un peu vers leur bord superieur. Dans les echantillons frais la surface externe

est couverte de granules epars, ecartds, plus ou moins gros et plus ou moins serrds."

Here then we have a type which bears an unusually close resemblance to Holopvs.

The calyx is higher on one side than on the other o'ftdng to the inequality of the radials,

the central one of the trivium being the largest, while the outer surface, not only of the

radials, but also of the arm-j oints, is coarsely granular or tubercular. Eudesicrinus, however,

differs from Holojius in one or two minor points. The fossae on the radials which lodged

the dorsal ligaments are larger; and there seems to have been a true muscular joint be-

tween the second and the axillary radials, a character presented by no recent Crinoid, and

also, so far as I know, by no other fossil species. In Eugeniacrinus mayalis from the

same horizon the two joints are united by syzygy, just as I believe to be the case in

i?b?P23MS, while the calyx is less. coarsely granular. These two species are quite small

relatively to Holopus, the radials of Eudesicrinus not reaching a height of more than

1 1 mm. Associated with them in the Xeptona-bed (Middle to Upper Lias) of Calvados, in

Normandy, are s6me wedge-shaped arm-joints with the muscle-plates on their broad outer

sides produced into strong upward processes.* These joints have very much the appear-

i Paleont. Frang., he cit, pi. 29, fig. 7. 2 Ihid., pL 44, fig. 2, h. ^ Ibid., p. 7a * Ibid., pi. 11, figs. 1-4.
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auce of the more wedge-shaped brachials of a Holojnis-arm. (PL III. figs. 10-12), but difier

in having the pinnule-socket at the base of the lateral process instead of on its upper edo-e.

Before the discovery of the support below the radials de Loriol considered Eudesi-

crinus to be a species of Eugeniacrinus ; and he still regards it as a member of the family

Eugeniacrinid^, to which he has also thought of transferring Cotylecrinus, though he

has never actually done so. This is partly due to his having been led to regard the

calyx-tube of Holopus and Cyathidium as possibly composed of the five basal pieces

only/ though there are very serious objections to this view. We know also that the

Eugeniacrinidaj, i.e., Eugeniacnnus, Phijllocrinus, and Tetracrinus, have a jointed stem,

which is not the case either in Eudesicmius or in Cotylecrinus. Both these genera seem
to me to find their proper place in the family Holopidaj, which I should characterise as

follows—Basals and radials closely united into a more or less tubular calyx of variable

depth. It is sessile and attached by a somewhat spreading base, the foundation of which
is probably formed by a dorsocentral plate, like that of Marsupites. Ten simple arms,

composed of a small number of massive joints.

A. Radials high but asymmetrical, exhibiting a difference of bivium and triviura.

a. Radials fused together with basals into a tubular body-chamber lodging the viscera.

^ syzygy between the two outer radials, . . . . .1. Holopus.

p. Visceral mass was probably lodged above the radials, which are mostly found

separated from the subjacent basals and the spreading base of attachment.

A muscular joint between the two outer radials, . . . .2. Eudesicrinus.

B. Radials apparently all alike. Two or more calyces sometimes associated as if budding.

a. Radials and basals fused into a tubular body-chamber, . . . .3. Cijathidium,.

p. Radials low, and readily separated from the basals and disk of attachment, . 4. Cotijlccriiius.

The remarkable Jurassic fossil, described by de Loriol as Gymnocrinus,^ is still too

imperfectly known to be placed in this fixmily ; but I cannot help suspecting that it is

only a portion of the cup of a larger Crinoid. On the other hand, Ilicrojjocmius

gastaldii, described by Michelin ^ from the Miocene of Superga near Turin, seems to be

closely allied to Holopus. Michelin's diagnosis runs as follows :
" Eadix expansa, nou

ramosa, adhaerens, sublaevis ; corpus breve crassum, rotundatum, subpentagonale, exterius

granulosum, interius profundum, irregulariter vacuum; margine revoluto in decem

segmentis acutis subdiviso." I am somewhat puzzled as to the identity of the ten

marginal segments. I do not think that they can represent the individual muscle-plates,

of which there would be ten in a decalcified calyx ; nor does it seem likely that

Micropoainus is a ten-rayed type like Promachocrinus {ante, pp. 37, 38). The real

nature of this Crinoid must therefore remain undecided for the present.

On the other hand, the Palaeozoic Edriocrinus, which has been described by Hall

1 Paleont. Fran^., loc. cit., p. 191. 2 Ilid., p. 209.

2 Description d'un nouveau genre de la Famille de Crinoides, Eev. et Mag. ZooL, ser. 2, t. iii. p. 93.
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from the Upper Silurian of North America, appears to be very closely allied to the recent

Holopm and to Cotylecrinus. According to Meek and Worthen,^ it seems to differ from

this last type " only in having an anal piece on the same range with the first radials, the

relations between the two groups being exactly the same as between Hexacrinus and

Platycrinns." These two genera, however, are both Palgeocrinoids ; but Belemnocrinus

and Rliizocrinus, a Palajocrinoid and a Ncocrinoid respectively, are related in precisely

the same way. The former, like Edriocrinus, has an anal plate in line with the radials ;

while there is no such structure in Rliizocrinus nor in Cotylecrinus. The arms of

Edriocrinus are more numerous than those of Holopus, as there are secondary axillaries

beyond those in the radial series; but they were rolled in on one another very much after

the manner of the Holoims-nvrm; and this was also the case in the Devonian Lecunocrinus

roemeri, Schultze. The latter type has a stem ; but this organ appears to have been

altogether absent in Edriocrinus, which is thus described by Hall:2—"These Crinoids are

sessile in the young state, adhering singly or in groups to other substances until fully

developed, when they are separated from the foreign bodies, and gradually secreting

calcareous matter to cover the cicatrix or point of adhesion, become finally smooth

rounded bases." Elsewhere' again he described the radial plates as proceeding from this

"short pedicle" as from the summit of a column. According to Wachsmuth and

Springer* this pedicle really consists of five closely anchylosed, basal plates, with the

sutures between them obliterated by a secondary calcareous deposit, which eventually

removed all traces of the scar denoting the previous attached condition of the individual.

The Mesozoic and recent Holopidas do not seem ever to have passed into the "free"

condition characteristic of Agassizocrinus and Edriocrinus, so that there is no scar of

attachment to be obliterated. But I strongly suspect that the subradial portion of the

body, centro-dorsal, support, cupule, or whatever it be called, consists either wholly or

(more probably) in great part of anchylosed basals, just as it does in the Palaeozoic

Edriocrinus.' For I find it difficult to believe in the existence of a family of Crinoids

which are normally devoid of any basal plates, as these are of fundamental importance

both in the morphology of the Crinoids, and in that of Echinoderms generally.

Family Hyocrinid.^, P. H. Carpenter, 1884.

Genus Hyocrinus,'^ Wyville Thomson, 1876.

Definition.—Calyx high, and composed of basals and radials which are nearly equal in

leno-th. The former narrow gradually downwards, while the latter are broad and spade-like,

each bearing a small undivided arm in the middle of its upper edge. Arm-joints united

1 Palaeontology of Illinois, vol. iii. p. .371. ^ Natural History of New York, Palii^ontology, vol. iii. p.'lSO.

3 Ibid., p. 143. > Revisiou, part i. p. 21. ^ Ann. and Mag. Nat. Hist, ser. 5, vol. xi., 1883, pp. 327-33-t

•5 Named after Hog Island, one of the Crozets.

(ZOOL. CHALL. EXP.—PART XXXII.— 188-1.) J^ 28



218 THE VOYAGE OF H.M.S. CHALLENGER.

by syzygy into groups of two or three, only the terminal joints of which bear pinnules.

Lowest pinnules the longest, and the following ones proportionately shorter, so that they

all terminate on the same level as the arm-ends. Mouth protected by five large oral

plates. Stem composed of short, cylindrical joints with simple or slightly striated faces.

Mode of attachment unknown.

A. General Account of the Type.

Hyocrinus heihellianus, Wyville Thomson, 1876 (PI. Vc. figs. 4-10 ; PI. VI.).

Hyocrimis hethellianns, Wyv. Thorns., Journ. Linn. Soc. Lond. (Zool.) (1876), 1878, vol. xiii. p. 51.

Hyocrimis hetheUianus, Wyv. Thorns., The Atlantic, 187;7, vol. ii. pp. 96-99.

Dimensions.

Total length of calyx and arms {fide C. W. T. ),

Total height of calyx,

Total diameter of calyx,

Height of radial,

Width of radial,

Height of oral plates.

Length of first pinnule,

Diameter of arm-joints.

Greatest height of stem-joints,

Diameter of stem-joints.

60-00 mm.
7-25

6-00

4-00

3-00

2-75

31-00

1-00

1-15

1-25

The stem is rigid, and consists of short, cyHndiical joints, usually a trifle higher than

wide, and closely united by thin disks of ligamentous fibres (PI. Vc. fig. 5, Is). The

terminal faces of the joints (PI. Vc. fig. 4) are slightly hollowed, and either plain or

marked with indistinct radiating striae. The opening of the central canal is more or less

definitely stellate, and in the substance of each joint itself there is a considerable space

(PI. Vc. fig. 5, rs) around the central axis (ca). The longest portion of the stem obtained

was about 170 mm. in length, but its mode of attachment is not known. Towards the

upper end the joints become much shorter, and in the uppermost 5 mm. they are mere

disks with a slightly increased width (PL VI. fig. 3). The cup, which enlarges gradually

upwards, consists of two tiers of very thin plates, the basals and radials, the latter being

rather the higher of the two. The basiradml and the five interradial sutures are fairly

distinct, but neither in the specimen represented in PI. VI. nor in a fragment from the

same locality, can I make out more than three interbasal sutures. Were it not that

this seems to be the case in both specimens, I should be inclined to regard it as unim-

portant; but under the circumstances I think we must consider that the lower part of

the cup consists of two larger pieces and one smaller one, as in certain Palseocrinoids. The

small single basal is the one immediately to the right of the anus, i.e., in the interradius

beyond the anus to a watch-hand, when the disk is placed upwards. The remainder of
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the cup and the arms cannot be better described than in the words of Sir AVyville

Thomson/ "The second tier consists of five radials, which are thin, broad, and spade-

shaped, with a slight blunt ridge running up the centre and ending in a narrow

articulating surface for an almost cylindrical first brachial.

"The arms are five in number, they consist of long cylindrical joints deeply grooved

within, and intersected by syzygiixl junctions. The first three joints in each arm consist

each of two parts separated by a syzygy; the third joint bears at its distal end an arti-

culating facet from which a pinnule springs. The fourth, arm-joint is intersected by two

syzygies, and thus consists of three parts; and so do all the succeeding joints; and each

joint gives off a pinnule from its distal end, the pinnules arising from either side of the

arm alternately. The proximal pinnules are very long, running on nearly to the end of

the arm ; and the succeeding pinnules are gradually shorter, all of them, however, iTinning

out nearly to the end of the arm, so that distally the ends of the five arms and the ends

of all the pinnules meet nearly on a level." In all cases the fii'st pinnule is on the left

side of the arm. I can say nothing as to the total number of pinnules, the longest arm

remaining having six of these appendages on each side. Owing to the large size of the

pinnules in comparison with the arms, the epizygal joints to which they are articulated

have the appearance rather of axillaries than of ordinary brachials. This is also the case

in Rhizocrinus, but to a less extent (PI. IX. figs. 4, 5). But as these appendages are

simple and contain the genital glands like the pinnules of other Crinoids, they are

undoubtedly of that nature, and must not be regarded as branches of the arms.

The mouth is protected by a very perfect, five-sided pyramid of triangular oral plates,

the outer surfaces of wliich are deeply hollowed along the median line (PI. VI. figs. 1-4),

whUe the inner surface slopes away rapidly on either side from a strong central keel

(PI. VI. fig. 5). Sir WyviUe Thomson described it as marked with deep impressions for

the insertion of muscles ; but I believe him to have been mistaken in this point. There

is no trace whatever of any such muscles JDcing attached to the inner surface of the oral

plates in the mutilated specimen represented in fig. 5 ; while the orals of Rhizocrinus and

of the Pentacriuoid larva of Comatula are certainly not so provided with muscles, and

there are no a priori reasons whatever for invoking their presence in Hyocrinus.

About half the diameter of the disk is occupied by the oral pyramid which covers up

the central mouth. Between its base and the edge of the cup there is a pavement of

closely set, thin plates belonging to the anambulacral system, which have no regularity either

of form or of arrangement. Some of these extend upwards on to the anal tube, which is

situated near the edge of the disk in one of the interradial spaces. As in Rhizocrinus

the oral plates are pierced by the ciliated water-pores which lead downwards into the

body-cavity (PI. Vc. fig. 6, ivp). But the pores are more numerous than in Rhizocrinus,

which has only one in each oral plate. In both the specimens of Hyocrinus which I have

'^Journ. Linn. Soc Land. (Zool.), vol. xiii. p. 52.
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examined there are two pores in the oral plate of the anal interradius, and there are no

others in any of the anambulacral plates which lie between it and the edges of the radials.

The remaining oral plates, however, are not invariably pierced by the water-pores, as

pointed out in Chapter VI. {ante, p. 95).

The five ambulacra which radiate outwards from the mouth are protected as soon as

they have passed through the angles of the oral pyramid by a very complete armour of

calcareous plates (PI. VI. fig. 3). This seems, as in most recent Crinoids, to be less

completely diflFerentiated on the arms than on the pinnules. In the wider, basal and

middle portions of the pinnules which contain the fusiform genital glands, every

pinnule-joint supports two or three quadrate side plates upon each side (PL Vc.

figs. 9, 10, sp). Upon each of the side plates rests one of the covering plates {cp), which

overlap one another alternately from opposite sides. There are no large side plates,

however, in the narrow, proximal portion of the pinnule before the genital cord swells

out into the fusiform genital gland ; but the covering plates are separated from the

pinnule-joints by a number of small irregular plates which belong to the anambulacral

system (PL Vc. fig. 10). Towards the distal end of the pinnule, on the other hand, the

covering plates rest directly upon the edges of the pinnule-joints (PL Vc. figs. 8, 9 ;

PL VI. fig. 6), as is the case throughout the entire length of the ambulacrum in

Bathycrinus and Rhizocrinus (PL VII. fig. 7 ; PL VIII. figs. 4, 5 ; PL IX. figs. 2, 4).

They are of a slightly oval shape, and may be as much as 0'6 mm. in diameter.

The genital glands are long and fusiform, and give a swollen appearance to the lower

portions of the pinnules (PL VI. fig. 1). This lasts for about six or seven of the

elongated joints, after which the pinnules taper away slowly to their extremities, while

the o-lands themselves are continued onwards for some little distance as delicate cords

which often have a somewhat undulating course, and gradually diminish in size until

they are no longer traceable (PL Vc. fig. 8, t). The axial cord of the skeleton («) is also

thrown more or less into curves. The specimen obtained was a male, and the testes have

lost all trace of histological structure, as seems to be not unfrequently the case with these

glands in other species of Crinoids. They fill up the cavity of the pinnule almost entirely

(PL Vc. fig. 7, t). A reduced cceliac canal {cc) with its ciliated cups {cic) being visible

below the gland in transverse section ; while a small subtentacular canal {stc) intervenes

between it and the water-vessel. The ambulacral nerve and blood-vessel, however, could

not be detected, though there can of course be no possible doubt as to their presence.

In one of the fragments ' which was obtained, the interior of the oral pjTamid is

exposed (PL VI. fig. 5). There is a ring of tentacles around the mouth, and, so far as can

be judged from the condition of the specimen, there seem to be four of these on either

side of the strong median keel of each oral plate, so that there would be forty in all.

' Mr. Bluck did not see the original of tliis figure, but simply copied tlie woodcut, drawn in the first instance by Mr.

Wild, wliicli appeared in the Journ. Linn. Soc. Lond. Zool.) vol. xiii. p. 54, and subsequently in The Atlantic vol. ii. p. 96.
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The moutli leads iuto a funnel-shaped gullet, the internal epithelial lining of which is

raised into strong glandular ridges, as is the case all along the first part of the digestive

tract. There is no stomachic dilatation, but the tubular lower portion of the oesophageal

funnel is continued into a narrow intestine which forms one simple loop, and turns

upwards again to end in the anal opening, as shown in the right hand portion of

PI. VI. fig. 5. The body-cavity is occupied by the usual loose network of connective

tissue, with dark brown granules dispersed through it in abundance. It is not

strengthened, however, by any of the calcareous rods and plates which are so often found

in a similar position in other Crinoids. Careful search also reveals the presence of

visceral blood-vessels interpenetrating its meshes ; but I have not been able to discover

satisfactory evidence of any water-tubes depending from the oral ring into the body-

cavity, although these organs must certainly be present, and are probably numerous, like

the water-pores on the disk. The colour of the spirit-specimen is a light yellowish-white.

Localities.—Station 106. August 25, 1873 ; lat. 1° 47' N., long. 24' 26 'W. ; 1850

fathoms; Globigerina ooze; bottom temperature, 36°"6 F. (1°"8 C). Stem-fragments only

(Jide C. W. T.).

Station 147. December 30, 1873; west of the Crozets; lat. 46° 16' S., long. 48° 27' E.

;

1600 fathoms; Diatom ooze; bottom temperature, 34°"2 F. (0°'8 C). "One or two

complete specimens and several fragmentary portions" (Jide C. W. T.).

The stem-fragments from Station 106 seem to have been mislaid ; as neither Mr.

MuiTay nor I have been able to find them in the collection of Crinoids which was in

Sir Wj'ville's hands at the time of his death, and was subsequently sent on to me. But

the characters of the stem are unmistakable, being utterly diSerent from those of either

Bathycrinus or Rliizocrlnus ; and unless the fragments in question belonged to a new

generic type altogether, which seems improbable, I see no reason for doubting Sir

Wj^iUe's identification of them with the Hyocrinus which he dredged four months later

at Station 147. The point is one of some interest as regards distribution, for Station

106 is in the Mid Atlantic, just north of the Equator, while No. 147 is in the Southern

Ocean, 30 miles to the westward of the Crozet group.

The mention of " one or two complete specimens " said to have been obtained at this

Station is unfortunately somewhat ambiguous. The original of figs. 1-4 on PI. VI.

seems to have been obtained in a fairly complete condition, lacking, however, the

attached portion of the stem ; but I am sorry to say that the stem and the head have

since parted company. Another stem-fragment was sent me with portions of the thin

basals still in connection with its upper end, and also two fragments of the disk, one with

four of the oral plates (PL VI. fig. 5), and the other with the remaining plate (PL Vc.

fig. 6). These were mounted in balsam by the late Dr. von WiUemoes Suhm, and doubtless

belong to the stem-fragment just mentioned, 1 lut the greater part of the cup is wanting.

Sir "Wyville concluded his first account of Hyocrinus by a reference to a specimen
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wliicL. lie provisionally named Hyocrinus bethellianus? with the following remarks :

—

" The last is a beautiful little thing which we dredged from a depth of 2325 fathoms at

Station 223, in lat. 5° 31' N., long. 145° 13' E., in the east Pacific, with a bottom of

Globigerina ooze, and a bottom-temperature of 1°'2 C. It certainly is in many respects

very unlike the adult Hyocriniis bethellianus ; but it may possibly turn out to be the

young of that species. There was only one specimen." ^ No reference whatever was

made to this type in the description of Hyocrinus which was subsequently published in

The Atlantic, and is substantially the same as that which appeared in the Journal of the

Linnean Society. One would be inclined to conclude from this that the specimen in

question was not a young Hyocrinus after all ; for even though it was obtained in the

Pacific, reference would probably have been made to it in Sir Wy\'ille's later account of

this very interesting genus. But as the specimen has totally disappeared, and has eluded

all Mr. Murray's anxious search, I am naturally unable to say anything about it.

B. On the Systematic Position of Hyoceinus.

Hyocrinus was established by Sir "Wyville Thomson in the year 1876,^ with the

remark that " it presents certain general resemblances and even certain con-espondences

in structure which seem to associate it also with Rhizocrinus. There seems little doubt

that Rhizocrinus finds its nearest known ally in the Chalk and Tertiary Bouryueticrinus,

and that it must be referred to the neighbourhood of the Apiocrinidse. Were it not that

Bathycrinus and Hyocrinus are so evidently related to Rhizocrinus, the characters of the

Apiocrinidse are so obscure in the two first-named genera that one would certainly have

scarcely been inclined to associate them with that group." Bathycrinus, though an

aberrant form, is far more closely related to Rhizocrinus than Hyocrinus is. It has the

same form of stem-joint and the same absence of pinnules from the arm-bases ; while the

arm-joints themselves are united in pairs in a very nearly similar manner in both genera.

But except in this last point, there is no resemblance between RJiizocrimis and Hyocrinus.

The only known species of the latter genus was said by Sir Wyville- Thomson to have

" much the appearance, and in some prominent particukrs it seems to have very much

the structure, of the Palaeozoic genus Platycrinus, or its subgenus DicJiocrinus."^ In

fact, Sir Wyville seems to have had considerable hesitation in referring Hyocrinus to the

Apiocrinidse ; and it was eventually associated by Zittel along with Plicatocrinus, in a

family Plicatocrinidse. But the definition which he gave of the family was far from being

a satisfactory one, as it stated that basals were absent, which is by no means the case in

Hyocrinus, and also that there are long, forked arms. Since then, however, he has found

that there is an axillary second radial (first brachial, Zittel) in Plicatocrinus, which thus

^ Journ. Linn. Soc. Land. (Zool.), vol. siii. p. 55. ^ Ibid., p. 48. ' Ibid., p. 51.
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has twelve (ten) arms, instead of five, as in Hyocrimis. These arms are eomposed of

short, stiff joints in which no syzygial unions occur; while they bear short pinnules,

all of which, except the first four, consist merely of one elongated joint. Zittel further

says,^ " Aus dem Vorhergesagten geht hervor, dass Hyocnnus in Bezug auf den

Bau der Arme einen differen zirteren Typus darstellt als Plicatocrimis. Immerhin aber

stimmen beide Gattungen hinsichtlich ihres Kelchbaues besser mit einander iiberein, als

mit irgend einer anderen bis jetzt bekannten Crinoideen-Genus und durften darum wohl

derselbeu Familie zugetheilt bleiben." It appears to me, however, that this supposed

resemblance between Hyocrinus and Plicatocrinus is really very superficial ; and that it

consists essentially in the condition of the thin and somewhat flattened calyx-plates.

This is also the case with the radials of Bathyerinus, while the calyces of young Penta-

crinidas have a very considerable similarity to that of Plicatocrinus. On the other hand,

and apart from the question of basals, the arms of Plicatocrinus, as discovered and

described by Zittel himself, are utterly and entirely different from those of Hyocrinus

;

and although de Loriol says, " Les analogies tendrent h. montrer que les deux genres sont

de la meme familie,"^ he concludes as follows, " il faudra peut-etre etablir une familie pour

chacun de ces genres." This I propose to do in the case of Hyocrinus, the definition of

the family Hyocrinidse being for the present the same as that given above for the genus.

While resembling Apiocrinus and also many Palseocrinoids in the nature of the stem-

joints, Hyocrinus differs in several respects from the other Neocrinoids. In the first

place the apparent presence of only three basals and the small size of the articular facets

as compared with the great breadth of the radials, give it a strong resemblance to some

of the Pal^ocrinoids, and more especially to the Platj^crinidae. Although Hyocrinus

resembles Platycrinus in having a symmetrical, tripartite base, the position of the dorsal

axis' which divides the base symmetrically is not the same in the two genera. If a

Platycr'imis be " orientirt " with the anal interradius posterior, the dorsal axis runs

from the right anterior interradius to the left posterior radius ; whereas that of

Hyocrinus (in the only specimen examined) runs from the left anterior radius to the

right posterior interradius. But the general form of the calyx, as seen from the side

(PI. VI. fig. 3), is very like that of the Carboniferous Diehocrinus intermedius, figured

by de Koninck.* Its composition, however, is different, as Diehocrinus only has two

symmetrical basals.

The persistence of the large oral plates is a noteworthy feature of Hyocrinus, but it

finds a parallel in the Comatulid genus Thaumatocrinus (PL LVI. fig. 5), and also to a

certain extent in Rhizocrinus.

1 Ueber Plicatocrinus, Sitzungsh. d. II. CI. k haier. Akad. d. IFiss., 1882, Bd. i. p. 112.

2 Paleont. Frang., loe. cit., p. 63.

^ See Beyrich, Ueber die Basis der Crinoidea brachiata, Monatsber. d. k. preuss. Akad. d. IViss. Berlin, 1871,

p. 42.

' Reclierclies sur les Crinoides du terrain Carboniftre de la Belgique, Bruxelles, 1854, pi. iv. fig. 9.
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It is in the character of the arms and pinnules, however, that Hyocrinus is most

remarkable. The syzygial union of successive pairs of arm-joints is characteristic of

Rhizocrinus ; but in iiZ^ocW?it«s the third and following joints are triple and not double

only. A similar difference between the arms of Heterocrinns simplex and Heterocrinus

consfrictus has been already noticed.^

The arrangement of the pinnules of Hyocrinus was described by Sir Wyville Thomson

as " hitherto entirely unknown in recent Crinoids, although we have something very close

to it in some species of the Palaeozoic genera Poteriocrinus and Ct/atJwctinus."- I do

not think, however, that this resemblance is such a very close one after all. For the

lateral appendages of the arms of Hyocrimis, long as they may be, are true pinnules.

Cyathocrinits, on the other hand, has no pinnules whatever, but long branching arms,

each branch bifurcating several times. It is true that the terminations of all the branches

are about on the same level, as is the case with the arms and pinnules of Hyocrinus.

But in the one genus a bifurcation gives rise to two equal arms which divide again,

and in the other there is no bifurcation at all, but the arm-joints bear a series of

pinnules which remain perfectly simple throughout their whole length, great though

this may be. It has been abeady pointed out that the nearest approach to the

pinnule arrangement of Hyociinus is to be found in Barycrinus herculeus from

the Carboniferous series of Indiana, United States {ante, p. 61). The so-called

armlets of this type alternate with one another upon opposite sides of the main

arm-trunk and bear no pinnules, so that they seem to correspond somewhat closely

with the pinnules of Hyocrinus.

The closest approximation among the Neocrinoids to the arrangement of the pinnules

which occurs in Hyocrimis, though stiU differing from it in important points, seems to

me to be found in the Liassic genus Extracrimis. In this curious type each arm

consists of a principal trunk bearing pinnules as usual, and giving off at intervals from

its inner side a series of smaller armlets which also bear pinnules. The lowest of these

are as long as the remaining portion of the arm-trunk from which they spring; and

the following ones are of successively diminishing lengths, so that the ends of the

original arm-trunk and of its numerous armlets are all on about the same level. In this

respect the armlets of Extracrinus are comparable to the pinnules of Hyocrinus ; but

they bear pinnules themselves, and only come off from one side of the main arm-ttrunk,

instead of alternating from opposite sides.

There is, therefore, no exact parallel to the condition of the arms of Hyocrinus

to be found in any Neocrinoid; and remembering this, as well as the peculiarities

of the calyx, we cannot say that Hyocrinus is specially related to any of the

other Neocrinoidea, while it presents important characters which connect it with the

Palseocrinoids.

' Ante, p. 53. ^ Journ. Linn. Soc. Land. (Zool.), vol. xiii. \. 52.
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Family BouRGUKTiCRiNiDiE, de Loriol, 1882.

Genus Bathjcrinus, Wyville Thomson, 1872; emend. P. H. Carpenter, 1884.

Ihjcrinus, Danielssea and Koreu, K"yt Mag. f. Natmvidensk., 1877, Ed. xxiii. p. 4.

Definition.—Stem consisting of dicebox-shaped joints and attached by a branching root,

the joints above which bear no cirri. The upper part of the stem, immediately beneath the

cup, is formed of a large number of thin, discoidal joints. Calyx expanding upwards from

the basals, which are closely united into a thickened, discoidal piece without any visible

sutures, and but slightly wider than the upper stem-joints. First radials trapezoidal, and

united to form a rapidly expanding cup. Second and third (axillary) radials united

by trifascial articulation; the muscle-plates of the axillaries produced upwards into

strong, wing-Kke processes. Arm-joints (wath the exception of the third, sixth, and

ninth) united in pairs by trifascial articulations, only the distal joint of each pair bearing

a pinnule, and there are no pinnules on the first few pairs. Interradial areas of the disk

naked, paved with loose anambulacral plates, or supported Ijy a single oral plate. Am-

bulacra have covering plates, but no side plates.

Remarhs.—This genus was established by Sir Wyville Thomson in 1872 for a small

immature individual which was dredged at the mouth of the Bay of Biscay by the

"Porcupine" in 1869 from a depth of 2435 fathoms.^ But since the discovery by the

Challenger of adult examples of two much larger species in the Atlantic and Southern

Oceans, the original description of the genus requires modification. One of the Challenger

species (Bathycrinus aldrichianus) was described by Sir Wyville in the Journal of the

Linnean Society for 1876 ;-but in the meantime a fourth species was discovered in the

North Atlantic by the Norwegian North Sea Expedition, and it was made the t}^e of a

new genus llycrinus by Danielssen and Koren.^ For it appeared to them to difier

chiefly in size and in the presence of pinnules from Bathycrinus, as describe.l by Sir

Wyville from the immature " Porcupine " specimen ; and his amended account of the

genus, founded on the examples dredged by the Challenger, had not reached them in time

for reference.

The nearest ally of Bathycrinus is undoubtedly Rhizocrinus. In fact, without an

acquaintance with this genus, one would hesitate to place Bathycrinus in the neighbour-

hood of the ApiocrinidiB at all. There is but a very slight upward expansion of the stem

below the head and even in the ring of basals which rests upon it ; while the characters

of the radials are very different from those of Rhizocrinus and Bourgueticrinus.

The general character of the dicebox-shaped stem-joints and of the branching root

is essentially the same as in Rhizocrinus. But the modes in which these joints are

' Proc. Roy. Soc. Edin., 1872, vol. vii. p. 772 ; see also The Depths of the Sea, p. 450.

2 Nyt Mag.f. Naturiidensk., Bd. xxiii. p. 10.

(ZOOL. CHALL. ESP. PART XXXII.— 1884.) li 29
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developed from tlie tliin disks that successively appear immediately beneatli the calyx

are diflferent in the two genera (ante, pp. 26, 27). There is alwaj^s a large number of

these thin joints at the top of the stem of Bathycrinus (PL VII. figs. 1-3, 11 ; PI. Villa,

fig. 1), whereas in Rhizocrinus (PI. IX. figs. 1-3 ; PI. LIII. figs. 7, 8) there are very

few, often not more than one or two, and these by no means so thin as in Batliycrinus.

An entire stem, or the upper and middle part of one, could therefore be referred

without difficulty to its proper genus. But the lower and middle joints are so much

alike in the two genera that the proper identification of a fragment or of isolated joints,

either recent or fossil, would become a matter of uncertainty, if not of impossibility.

The genus Bathycrinus was never formally defined by Sir WyviUe Thomson ; but in

his first account of it ^ he said that, like Rhizocrinus, it " must also be referred to the

Apiocrinidse, since the lower portion of the head consists of a gradually expanding funnel-

shaped piece, which seems to be composed of coalesced upper stem-joints;" and he

nowhere mentioned the presence of any calycular plates below the radials. Subsequently,

however, he stated,^ after examining Bathycrinus aldrichiamis, that the stem of this

genus " barely enlarges at its junction with the cup ; " and he described the lower portion

of the latter as consisting of a series of basals which are soldered together into a small

ring, scarcely to be distinguished from the upper stem-joint (PL VII. figs. 1, 2, 11
;

PL Vila. figs. 12-14 ; PL Vllb. figs. 1, 2).

The existence of basals in Uycrinus (Bathycrinus) car-

pentei'i was also recognised by Danielssen and Koren,^ who

were fortunately able to see the interbasal sutures in young

individuals, though these entirely disappear in the adult.

Although invisible on the upper and lower surfaces of the

basal ring of Bathycrinus aldrichianus, as well as externally

(PL Vila. figs. 12-14), the sutures are clearly seen in sections

through its middle portion (PL Vllb. fig. 2). It expands very

slightly from below upwards, and its somewhat hollowed under

surface is marked by ten fossEe radiating outwards from the

centre and separated by intervening ridges (PL Vila. fig. 14).

They correspond to similar fossae on the upper face of the thin

top stem-joint (PL Vila. fig. 3), and lodge five strong but short

interradial ligamentous bundles, each having somewhat the

form of a horseshoe or V with thick limbs (woodcut, fig. 11, bl).

These, as already described, unite the basals to the thin, upper

stem-joints, and are gradually replaced as the joints become thicker bythe two larger bundles

which form cushion-like pads between every two of them {a7ite, p, 27 ; PL Vila. figs. 4-6).

Fig. 11.—Diagram of a horizontal
section tbrougli the lowest portion
of the basal ring of Bathycrinus
aldrichianus; x 70. 6/, ligaments
uniting the basals to the top
stem-joiut ; ch\ the outer vessels

in the vascular axis, which are
continued downwards from the
chambers of the chambered organ

;

if, interradial portions of the fib-

rillar sheath round the vascular
axis which are separated by rs,

the radial spaces in the upper part
of the stem ; v, central vessel of
the vascular axis.

1 The Depths of the Sea, p. 450.

s Nyt Mag.f. Naturvidensk., Bd. xxiii. pp. 4, H.

2 Journ. Linn. Soc. Land. (Zool.), vol. xiii. (1876) 1878, pp. 48, 50.
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Altliougli in sections through the lower part of the basal ring the limits of its

component joints may be traced by the grouping of the five ligaments referred to above,

yet the interbasal sutures do not become clearly visible till the level of the lowest part of

the chambered organ is reached. Here they appear as actual gaps in the otherwise

continuous network of nucleated connective tissue which forms the organic basis of the

skeleton, so that in a stained preparation they are shown as five radiating white lines on

a coloured ground (PI. Vllb. fig. 2). They do not, however, reach the outer edge of the

section where the connective tissue network forms a complete ring, and this accounts for

the absence of any sutural lines upon the exterior of the composite basal piece (PI. Vila,

fig. 13). The sutural union between this piece and the stem-joints below it aj^pears to

be closer than that between the basals and radials, so that the head has a considerable

tendency to break away from the stem at the basiradial suture. This was unfortunately

the case with one of the two individuals of Bathycrinus gracilis which were met with by

the "Porcupine's" dredge in 1869, and the head was consequently not brought to the

surface. On the other hand, only the head of Bathycrinus camphellianus is now known

(PI. VIII. figs. 1, 2. Woodcut, fig. 15 on p. 239), the stem with the basals having separated

from it ; while Danielssen and Koren figure an isolated head of Bathycrinus carpentei'i

which has lost its basals.^ But the most remarkable case of this kind was met with at

Station 14G, in the Southern Ocean, where the dredge must have passed over a small forest

of Bathycrinus aldrichianics.

About a dozen tolerably perfect individuals were obtained, together with a consider-

able number of stems retaining the basal ring at their upper ends. This fact is one of no

little importance from the light which it throws on the supposed composition of the

calyx in the fossil genus Eugeniacrinus and its allies Phyllocrinus and Tetracrinus.

These genera are very common in the Jurassic and Lower Cretaceous rocks, especially of

the Continent ; but by far the greater number of calyces which are met with consist of

the radials alone, just hke that of Bathycrinus camphellianus (PI. VIII. figs. 1, 2), and

the family has accordingly been descril>ed as distinguished by the absence of basals.

De Loriol "' says, for example, " Le calice est formd de pieces radiales seulement sans j)ieces

basales." Occasionally, however, a calyx is met with still retaining a portion of the stem

attached to it. But no sign of sutures is visible in what appears to be its uppermost

joint immediately beneath the radials. This joint, with a portion of the stem attached

to it below, is also sometimes met with separate from the radials, as in the case of Bathy-

crinus aldrichianus and Bathycyinus gracilis. But the absence of sutures, as shown by

the condition of an adult Bathycrinus, is no proof that the piece in question does not

consist of a ring of closely united basals, a point as to which I have no doubt whatever.^

The fibres which effect the synostosis of the basals with the radials above them are

1 Nyt Mag. f. Naturvidensk., BJ. xxiii. Tab. i. fig. 6. ^ PaMont. Frans-, loc. cit., p. 74.

3 Ann. mid Mag. Nat. Hist, 1883, ser. 5, vol. xi. pp. .327-334.
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rather more uniformly distributed over the apposed surfaces of the joints than those

uniting the basals to the top of the stem. The upper surface of the basal ring presents

five smooth and single sutural fossae for the attachment of the radials. They slope

downwards and outwards from the edge of the central funnel, and each is marked near

its outer edge by a single crescentic opening, or by two smaller ones in close proximity

(PI. Vila. figs. 12, 13). At first sight this more or less double opening would naturally

be taken for the termination of the converging right and left forks of two adjacent

iuterradial canals within the basal ring. This apparently obvious explanation is, however,

very far from being the true one. The under faces of the radials which rest in these

fossae on the upper surface of the basal ring are marked in the same way by more or less

double openings ; but these are not the openings of the central canals, as the apparently

similar openings are on the under faces of the I'adials of Pentacrinus and Metacrinus

(PI. XII. figs. 11, 22 ; PL XX. fig. 9 ; PI. L. fig. 5). They are usually quite smaU and

inconspicuous, and not nearly so well defined as the openings of the central canals on the

distal faces (PL Vila. fig. 15), wdth which indeed they have no communication, for they

are merely small pits into which portions of the basiradial ligament are inserted ; and the

same is the case with the corresponding openings in the

fossae on the upper surface of the basal ring (PL Vila.

figs. 12, 13). Although the fibres of the basiradial

ligament are generally distributed over the whole

synosteal surface, they are more especially concentrated

in ten bundles which are lodged in ten corresponding pits

on each of the apposed surfaces of the basal and radial

circlets. Omng to the curvature of these surfaces,

these more defined bundles are not shown in the section

represented in PL VI lb. fig. 3, which passes rather

above their level through the general plane of the

synostosis ; but in the next section they are clearly

visible, cut somewhat obliquely as shown in the woodcut

(fig. 1 2, 1). Both in the woodcut, and in PL Vllb. fig. 3,

the axial cords (oi) are seen to be situated interradially. They retain this position

until they reach about half the height of the radial pentagon, w^here they fork for the

first time ; and the branches enter the radials by the openings in their lateral fixces

(PL VII. fig. Qa). The right branch of one fork and the left branch of its neighbour

in the adjoining basal occupy converging canals in the intervening radial, which meet

almost directly, so that there is only one opening on the distal face (PL Vila. fig. 15).

The circular commissure of Bathycrinus is thus mainly formed by the actual branches

of the primary interradial cords, and not by special interradial commissures uniting these

branches as in the Comatulse and Pentacrinidse (PL XXIV. fig. 9, ceo). This is also the

?io. 12.—Diagram of a horizontal section

through the calyx of Bathycrinus aldric-

hianus, at the level of the upper part of the

basiradial suture ; x 45. ai, primary inter-

radial cord.s ; I, parts of the basiradial

ligament ; L, interradial ligament uniting Rl,

the first radials ; x, plexiform gland.
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case in Rhizocrinus, as pointed out by Ludwig ;
^ but Bathycrinus occupies an inter-

mediate position between Rhizocrinus and the types just mentioned, for the two

converging cords within each radial are united by an intraradial commissure just as in

Pentacrinus and Rhizocrinus (P\. Villa, fig. 6; PL XXIV. fig. 9

—

ico). This does not

appear in the section represented in PI. Vllb. fig. 4, though it is phxinly visible in the

nest one.

The distribution of the axial cords proceeding from the chambered organ of Bathycrinus

is thus of a very singular character (woodcuts, figs. 13, 14). Each of the five primar}-

Fig. 13.—Diagrammatic vertical section througli the Flo. 14.—Plan of the distribution of the

co.\yx of Bal/njciiuus aldrichianus ; x 35. It is inter- axial cords in the calyx oi Bathycrinus

radial on the right .side, passing between two of the aldrichia-nus. B, basals ; Kl iC2 first

chambers of the ch.ambered organ, and through the and second radials.

synostosis of two radi.als (which is shaded darlcer) so

as to show the primary interradiiil cord (flO? while on
the left side it passes along the middle line of a ray,

and shows the axial cord {A) in the distal part of the

radi.al (B.^). B, ring of anchylosed basals ; c«, fibrillar

sheath round vasculiir axis of stem ; ch, one of the

chambers of the qulnquelocular organ ; ch', its down-
ward extension into the stem ; c.co, interradial portion

of circular commissure ; I, basiradial ligament ; Id,

dorsal ligament ; U, interarticular ligament ; m,
muscle ; v, central vessel of the stem ; x, plexiform

gland.

interradial cords proceeds upwards close to the central axis of the basal ring (woodcut, fig.

13, ai). They pass out of this ring just inside the edge of its central funnel, at the inner

ends of the ridges which separate the fossae lodging the radials and marking the median

lines of the basals. For the remainder of their course each of them is contained in the

more or less complete canal which is formed by the apposition of two grooves, one on each

of two contiguous lateral faces of the radials. These grooves, which run downwards from

^ O}). cit., Zeitschr. f. wiss. Zool., 1877, BJ. xxix. p. 72.
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the openings in tic lateral faces of the radials, but close to their inner edges, are well

shown in PI. VII. fig. 6a.

As in the Comatulse, therefore, the circular commissure of Bathycrinus (PI. Vllb.

fig. 4, ceo) is in the innermost part of the radial pentagon, i.e., quite near its centre.

There is but a thin layer of limestone between it and the central space, while almost the

whole of the fibres forming the interradial ligaments are outside it. The length of these

primary interradial cords and their reception in grooves on the apposed surfaces of

contiguous radials is very anomalous ; and although I detected the true nature of these

grooves at first sight, it was nevertheless very long before I could get rid of the notion

that the radial openings on the top of the basal ring (PI. Vila. figs. 12, 13) were those

of the converging branches of the forked interradial canals, as in other Crinoids ; and it

was not until after some time that I was able to reconcile the apparently conflicting

evidence afi"orded by the study of series of transverse sections on the one hand and of the

dissected calyx on the other.

From the facts detailed above, it will be seen that Batlujcrinus occupies a some-

what anomalous position among Neocrinoids. In Comatula, Pentacrinus, Apiocrinus,

and Encrinus the primary interradial cords fork within the basals ; and the adjacent

branches of neighbouring forks enter the radials by more or less distinctly double

openings on their inner or under faces ; but in Bathycrinus not only do the cords not

fork within the basal ring, but they rise through half the height of the radial pentagon

before doing so (woodcuts, fig. 13, ai; fig. 14). The nearest approach to this condition is

presented by RMzocrinus, though the relative proportions of the plates are exactly the

reverse of what we meet with in Bathycrinus. In fact, if we make allowance for this

difference the condition of Bathycrinus, except for the presence of the intraradial com-

missure, is almost exactly that which was described by Ludwig in Rliizocrinus; though,

as pointed out already, the real condition of this genus is slightly more normal, i.e., the

primary cords fork within the basals, and their converging branches enter the inner ends

of the radials as in other Crinoids.

The first radials, which form by their apposition a rapidly expanding cup, have an

elongated, trapezoidal outline and rounded outer surface. According to Sir Wyville

Thomson,' those of Bathycrinus aldrichianus are " often free ; but in old examples they

also are frequently anchylosed into a funnel-shaped piece." In all specimens of this type

which I have seen, however, the radials are united laterally, just as in other Crinoids

;

though they separate more readily than usual when treated with hot alkalies. The

ligaments uniting them are close and well defined in the lower part of the funnel (PL Vllb.

fig. 4, /); but in the upper part, i.e., just below the level of the articuhir surface, there is

no interradial Ligament (PL Vllb. fig. 5), which probably explains the description that

has just been quoted from Sir Wyville Thomson. The distal articular faces of the radials

' Journ. Linn. Soc. Land. (ZooL), 1876, vol. siii. p. 50.



9<n
EEPOET ON THE CRINOIDEA.

are relativoly lame, but otbc-wise of the usual chai-actei', with paired fossa, for the

::i:au/.uter.;ticu,ar ligameuts (PL Vila fig. 15, ,.,..' and W) «^*^ -/--
beaeaththe articular ridge for the receptioir of the dorsal I'S^^' /" >• ^^ J' ^^J
radials (PI VII. fi™. 5, 5a) are broad, flattened, and somewhat quadrate m to m, w.th

a tore or less distinet medio-dorsal eonvexity (PL Vllb. fig. 6, E2) and a well-marted

L^ow in the nniddle line of the ventral surface (PL VIL fig. 5a) The pr„.,Mal aee

resenrbles that of the first radials, which is high relatively to rts

-f
MH. V a. Ag. 1^).

whUethe articular surface at the distal end « '- "'l" ,"
rt fl^ten d dorsa

axiUaries are more or less pentagonal, with a forking median ndge on the flattened .lo.sa

uS^ The ventral snrLe is flattened like that of the second r.ad,al, wrth whrch ho

rxU^Ses articulate without the intervention of muscles. But the Lateral raargms of the

medirvrntral furrow rise gr,adu,ally tarn the distal to the proxmral end of the jom

: they are produced mto more or less expanded. w.ngJ,ke proeesses whrch pr^

forwards over the first brachials (PL VII. figs, i, 4a ;
PL Vila. fig. 17). The ha^es ol

rs serve tor the attachment of the muscles and ligaments which unite the axdlar.

and first brachials, while their upper portions support the interradral cbvertreula of the

'"'llrflng t?Sir Wyvrlle Thomson, the two outer radials ot Ba,h,cnn„s ,r<^lis and

Ba^ycri,u.;:,U,icniaL are united by syzygy ;
while Danielssen - Keren make

same statement respecting BaA,crinus carr^nter,} Th,s rs

--^^fXTa^ZZ.
ever and as a matter of tact there are no true syzygies m Bathaums aUnchmnus

aldl nor as I believe, in any species of the genus. The distal face of the second

™M islwn in PL V la. fig 16. Apart from its external form, it has a general resem-

bait he corresponding face of the second radial in Pcutacnnns decorus P.Ua-
blance to tne l „ ^^ „ xxXIV. fig. 6) and the Comatute. ..«.. there

rrtriirXl n^^^wheh sepLLs the t:o foss. lodging large bundles of

iSo a deep pit (M') at the lower or dorsal end of the vertical articular ndge. The

;lxim^ f"of L'third radial is of the same character; and in

^^^^^J^^
Lse two joints, instead of being an immovable syzygy. is a modificat n ot the Wa.end

articulatioi permitting Lateral movement only, which is so «»---
"^'/^^^trmof

is also eharaetenstic of four recent species of P»eacn„™ ^^^^^"j
*'

^ ^"^J^
articulation looks very much like a sy.ygy. as the

J^'-^^'l^f\'" \tTeL
tion than when they are united by a pair of muscular bundles

:
but a S^-' 1

1

aroosed faces is sufiieient to show that the plainness of the syzyg.es m Pe.mcmus or

m^Jl, and the striation so common in the Comatute. are aUogether absen

S Tepla ed by distinct ridges and toss». In describing BaO>ycr,nns „w .. Sir

W^iUe Thomson' pointed out that "the first brachial is united to the second by a

1 Nyt Mag.f. Naturvidensk., Bd. xxin. p. 6. »
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syzygial joint, but after that tlie syzygies are not repeated, so that there is only one of

these peculiar junctions in each arm. . . . And the alternate syzygies in the arms, which

form so remarkable a character in Rhizocrimis, are absent." He subsequently stated that

in Bathycrinus cddrichianus " the first and second, and the fourth and fifth brachials are

united by syzygies ; and after that the syzj'gies occur sparingly and at irregular intervals

along; the arms."^ In like manner Danielssen and Koren^ described the first two brachials

of Bathycrinus carpenteri as united by syzygy ; a true articulation between the second

and third, and also between the third and fourth brachials ; while the fourth and the fifth

are united by syzygj% the sixth articulated both to the fifth and to the seventh, and the

ninth both to the eighth and tenth. After this point muscular articulations and syzygies

alternate all along the arms. Owing to the kindness of Dr. Danielssen I have been able

to satisfy myself that these " sj'^zygial unions " in the arms of Bathycrinus carpenteri are

really trifascial articulations like that between the two outer radials of Bathycrinus

aldrichianus. If, however, this term be substituted for syzygy in the description by

Danielssen and Koren, their statements respecting the grouping of the brachials would be

perfectly correct, i.e., in the nine lowest brachials there are alternations of a pair of joints

united by trifascial articulation and a single joint with muscular articulations at both ends.

Beyond the ninth brachial the two forms of articulation alternate with great regularity.

Apart from the question of nomenclature, therefore, the Norwegian naturalists were the

first who correctly described the grouping of the joints in the arms of Bathycrinus ; for

I find that their description of Bathycrinus carpenteri applies both to the little Bathy-

crinus gracilis dredged by the " Porcupine " and to the two Challenger species, Bathy-

crinus aldrichianus (PI. VII. figs. 1, 2) and Bathycrimis campbellianus (PI. VIII.

figs. 1, 3). The non-syzygial nature of the paired unions in the arms of the two last has

been determined by actual investigation of the joint faces ; while careful microscopic

examination of the small individual of Bathycrinus gracilis has convinced me that it

resembles the other three species in this respect.

The proximal face of the fifth brachial of Bathycrinus aldrichianus is shown in

PL Vila. fig. 19 ; and that of a later joint in fig. 20. In both cases the three fossae are

visible around the opening of the central canal ; while in PI. Vllb. fig. 8, the three

ligamentous bundles uniting the first and second brachials are seen in section {Ji, Id).

The same three fossfe iji'. Id') appear in PI. Vila. fig. 22, which represents a trifascial

articular fece of Bathycrinus camp>bellianus; while an ordinary muscular joint-face at the

proximal end of a brachial is seen in fig. 23.

The presence of this trifascial articulation, and its peculiar grouping, may therefore be

considered as distinctive of Bathycrinus. Hence the alternation which was referred to by

Sir Wyville as so characteristic of Rhizocr'inus is repeated in Bathycrinus, though with

two points of difi"erence. In the latter genus the syzygies of Rhizocrinus are replaced by
1 Jonrn. Linn. Soc. Land. (Zool.), 1876, vol. xiii. p. 50. ^ ^y^^ Mag. f. Naturvidensh., Bd. xxiii. pp. 6, 7.
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trifascial articulations; while the third, sixth, and ninth brachials are usually free, i.e.,

united by muscles to the joints before and behind them, as the joints of a Crinoid arm

generally are. In Rhizocrin us, however, the two joints of each successive pair are united by

syzygy, so that muscular articulations and syzygies alternate regularly all along the arm.

But as regards the last point Bathycrinus approaches Rhizocriniis much more closely than

was supposed by Sir Wyville Thomson. Instead of there being one syzygy (trifascial

articulation) only, or two at the base and others scattered sparingly at irregular intervals,

there is just as much regular alternation after the ninth brachial as there is throughout

the whole arm of Rhizocrinus. In fact, in some irregular arms of Bathycrinus the third

brachial is the only joint which has muscles attached at both ends, the alternation which

would ordinarily commence with the tenth appearing on the fourth and following joints.

Except in Bathycrinus aldrichianus the bases of the arms are but Uttle wider than

the succeeding portions. The flattening of the dorsal surface at the sides of the median

ridge, which commences on the two outer radials, is continued on to the first two or

three brachials and then disappears (PI. Vllb. figs. 7, 8). The same is the case with the

sharp lateral edge which is so marked on. the second and axillary radials. In Bathycrinus

aldrichianus it is continued out on to the first eight arm-joints (PI. VII. fig. 2), and

marks the line of junction of the curved dorsal surface and the side faces, which slope

upwards and inwards towards the medio-ventral line (PI. VII. fig. 8). An arm of this

species, 30 mm. long, consists of fifty joints ; but the first seven or more bear uo pinnules.

In most cases the first pinnule is borne on the eleventh joint, when this, as is normally

the case, has a muscular articulation at its distal end. The ninth brachial is usually a

joint of this kind, and in Bathycrinus aldrichianus axiA Bathycrinus campbellianus some-

times bears the first pinnule, while the eighth may do so. But the joint which bears a

pinnule is invariably united to its successor by muscles, so that the pinnules only occur

upon every alternate joint through the whole length of the arm, exactly as in Rhizocrinus.

The only diflference is that the joints which do not bear pinnules ai'e united to those

which do by syzygies in Rhizocrinus, and by trifascial articulation in Bathycrinus. The

distal face of a pinnule-bearing joint of Bathycrinus aldnchianus is shown in PL Vila,

fig. 21; and a corresponding joint-face of Bathycrinus camphellianus in fig. 23. In the

latter type the pinnule-socket is more at the side of the joint and less at the end than in

Bathycrin us cddrichianus.

The pinnules of Bathycrinus (PL VII. fig. 7 ; PL VIII. fig. 5) are moderately short

and slender, and composed of relatively few joints. The lateral edges of these joints,

especially the outer ones, are produced upwards at the sides of the medio-ventral furrow

so as to protect it very completely. This is most marked in Bathycrinus campbellianus

(PL VIII, fig. 5) and to a less degree in Bathycrinus cddrichianus (PL VII. figs. 2, 7).

It is also figured by Danielssen and Koren^ in BcUhycrinus carpenteri. The first sLs or

' Nyt May. f. Naturvidensk., Bel. xxiii., Tab. L fig. 14.
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eight pinnules which contain the short fusiform genital glands show this feature most

distinctly. Somewhat the same character presents itself in the enlarged lower portions

of the long pinnules of Hyocrinus. But in this case the plate-like sides of the pinnule-

joints diverge considerably, so that the median groove is widened instead of narrowed as

in Bathycrinus. It is therefore partially roofed in by side plates (PI. Vc. figs. 9, 10),

of which there is no trace in Bathycrinus. But the plate-like sides of the joints bound a

narrow ventral furrow, just as in the arms, and the covering plates rest directly upon

their edges (PL VII. figs. 7, 8 ; PL YIII. figs. 3, 5), as is the case in Rhizocrinus and in

the outer parts of the pinnules of Hyocrinus (PL Vc. fig. 9 ; PL IX. fig. 4 ; PL X. fig. 20).

They are continued down the sides of the arm-grooves on to the disk, and in Bathycrinus

aldr-ichianus, which has no orals, they stand up all round the edge of the peristome, as is

represented, though badly, in PL YII. fig. 3. These covering plates are scarcely so

substantial as the corresponding plates in Hyocnnus, and are also narrower, though nearly

as loucf.

The two lower brachials and part of the third assist in the protection of the visceral

mass, the upper surface of which is more or less strongly convex (PL VII. fig. 3). There

is a very large, funnel-shaped peristomial opening, at the bottom of which is the mouth,

and the anus is on a low papilla in one of the five interradial areas. In Bathycrinus

carpenteri these are supported, according to Danielssen and Koren, by large retiform

calcareous plates a little sunk in the perisome, which are obviously persistent orals,

though they seem to be entirely absent in the three other species of the genus. In his

preliminary description^ of Bathycrinus aldnchianus Sii' Wyville Thomson said "the

disk is membranous, with scattered calcareous granules. The mouth is subcentral ; there

are no regular oral plates ; but there seems to be a determination of calcareous matter to

five interradial points round the mouth, where it forms little irregular calcareous bosses."

This description was accompanied by a woodcut w'hich was definitely stated to represent

the Bathycrinus from Station 106 (in Mid-Atlantic), and not one of the numerous

spesimens obtained at Stations 146 and 147 in the Southern Ocean. The whole set were at

first regarded by Sir Wyville Thomson as belonging to one and the same species, to which

he gave the name Bathycrinus aldrichianus ; but he subsequently limited this name to

the individuals from the Southern Ocean. They are figured on PL VII., which was lettered

and printed oflf before his death. The disk of one of them is shown on PL VII. fig. 3, and

obviously bears neither scattered calcareous granules nor interradial bosses round

the mouth. This individual has not come into my hands ; but the disk of another which

I have examined is perfectl}^ naked, except for the covering-plates at the sides of the

ambulacra, and the peristome is like that shown in fig. 3. The specimen which was

obtained at Station 106, and had been already figured in the Journal of the Linnean

Society as Bathycrinus aldrichianus, was drawn by Mr. Black for PL ^"III. ; but on one

^ Journ. Linn. Soc. Lond. (Zool.), 1876, vol. xiii. pp. 50, 51 ; also in The Atlantic, 18TT, vol. ii. pp. 92-95, tig. 23.
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of the copies of this plate which were sent to me I found the MS. name Bathycrinus

camphelliamis in Sir Wyville's handwriting. He had evidently therefore come to regard

this individual as specifically distinct from those subsequently obtained in the Southern

Ocean, to which he eventually limited the name Bathycrinus aldrichianus ; and the disk

of this indi\T[dual {Bathycrinus camphelliamis) corresponds in most respects with his

description quoted above.

The whole of each interradial area is covered with closely set, calcareous plates, not

scattered granules ; but I cannot make out that they are more abundant in the immediate

neighbourhood of the mouth than elsewhere. The covering j)lates of the ambulacra are

smaller and less regular than in Bathycrinus aldrichianus, and their course can only be

followed with difiiculty. In the solitary young specimen of Balhycrinus gracilis

(PL Villa, fig. 1) there are neither orals nor anambulacral plates, so that in these

respects it resembles the southern Bathycrinus aldrichianus rather than the northern

Bathycnnus carpenteri.

In order that I might be able to compare the anatomy of Bathycrinus with that of

Rhizocrinus, two of the least perfect examples were cut into thin sections with a Leyser's

microtome. Unfortunately, however, the cireum-oral portions of the one used for the

vertical sections were somewhat mutilated, and the remainder was found to be contracted,

and, as it were, coagulated by the action of the spirit, so that not even its general anatomy

could be made out, much less any histological detail. The arms, on the other hand,

yielded more satisfactory results.

In correspondence with the difi"erent size of the basals, the chambered organ (PI. Vllb.

figs. 1,2, ch) is more flattened than that oi Rhizocrinus. It is continued below into the vas-

cular axis of the stem, which is thrown into numerous folds as it passes through the closely

packed discoidal joints at the top of the stem. As m.Rhizocrinus there is only one central

vessel (PI. Vila. fig. 2; PL Vllb. fig. 2

—

v), and not two or more as in some species of

Pentacrinus and in the Comatulpe. The plexiform gland rising from the chambered organ

expands considerably within the central funnel of the calyx (PL Vllb. figs. 1, 3-5, x), and

soon becomes lobulate. It appears to be made up of numerous small cells, which can be

traced downwards into the flattened epithelial lining of the vessels in its lower part, and in

the chambers of the chambered organ. But it has nothing like the glandular appearance

of the corresponding organ in Antedon carinata, the numerous lobules of which consist

of distinct tubules lined by columnar cells, like those of the urinary tubules.

On its way up through the disk the plexiform gland becomes narrower again, probably

on account of its giving off extensions which form the intervisceral vessels, as in other

Crinoids. It is interradial in position, as usual, and may be followed at the sides of the

fore-gut both in transverse and in longitudinal section (PL Vllb. figs. 6-8, x) to a little

way below the peristome, where its further course cannot be traced. I have little doubt,

however, that its connections are essentially the same as in other Crinoids. But owing to
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tlie imperfect condition of the top of the disk in the specimens which were cut, I have

been quite unable to make out many details of structure. One point, however, is of

interest, and that is that there are more than five water-tubes ; for there seem to be

three in each interradiu-s, and not one only as in Rhizocrinus. As in this genus too, there

are strongly marked interradial diverticula of the gut (PI. Yllb. fig. 7), which are

supported by the expanding processes attached to the inner faces of the third radials

(PL VII. fig. 4a ; PL Vila. fig. 17).

The arms of Bathycrinus present no essential anatomical differences from those of

other Crinoids. The food-groove which is sunk within the ventral furrow of the skeleton

(PL VIL fig. 8 ; PL Villa, figs. 4, 5), instead of being some distance above it (PL LXI.

figs. 4-6), is narrow relatively to the width of the arm, and protected by covering plates,

as already described. The radial blood-vessel (PL Villa, figs. 4, 5, l>) and ambulacral

nerve (n) could be clearly distinguished in sections, the latter being exceedingly thin, or

apparently sometimes even absent beneath the middle line of the ambulacrum.

Except at the arm-bases the water-vessel {w) is relatively small, being much flattened

from above downwards ; but the tentacles are large and bear numerous papUlEe. Beneath

the water-vessel, and projecting into the subtentacular canal, so as almost to divide it

into two parts, is a more or less continuous band of closely nucleated connective tissue,

which perhaps represents the structure marked x by Semper^ in Actinometra parvicirra

{Actinometra armata, Semper, MS.). At the bases of the arms the subtentacular canals

are hardly traceable, then- places being occupied by a complicated network of genital

vessels, which are doubtless connected in the disk with the upper end of the plexiform

gland, as in other Crinoids. But this plexus soon passes into a simple genital cord, as

represented in PL Villa, figs. 4, 5, gc. It sometimes nearly fills up the small genital

canal in which it lies, while there is a large and triangular coeliac canal beneath it {cc).

The axial cords of the rays and arms of Bathycrinus, like that within the stem, are

remarkable for the extensive subdivisions of the branches which proceed from them.

Like those within the pinnules of Holopus and Hyociinus (PL Vc. figs. 2, 3, 8, a), they

take a somewhat wavy coiu-se within the radials, as is seen in PL Vllb. fig. 1, A ; while

the branches which come off" from them in the second and third radials are shown in

figs. 6, 7, a'. Owing to the small height of these joints, the two dorsal branches which are

usually so well defined in the Comatulse (PL LXI. fig. 6) extend themselves laterally in

the plane of the transverse articular ridge, while they are scarcely visible at all in the

arms. On the other hand, the branches which extend upwards towards the ventral

surface of the arm subdivide again and again, giving rise to a number of exceedingly

fine fibrils, in the course of which bipolar, and occasionally multipolar, cells are clearly to

be distinguished (PL Villa, figs. 4, 5, a'). This character is better shown in Bathycrinus

than in any other Crinoid which I have yet examined.

' Arhdten aus dem zool.-zootom. Institut in Wurzburg, 1874, Bd. i. p. 261.
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The nearest, and in fact the only ally of Bathycrinus is Rhizocrinus ; but the

differences between the two genera are much greater than their resemblances. The latter

may be summarised as follows :— 1. The liifascial union of the stem-joints. This is

common to Bourgueticrinus and Mesocrimis, to the Pentacrinoid larva of Comatida, and

the Palajozoic Platycrinus. 2. The presence of large processes on the second joints above

the radials, which support the disk. 3. The absence of pinnules from the lower parts of

the arms, and the union of the arm-joints in pairs, with a pinnule on the second joint of

each pair only.

The differences between the two tj^es are shown in the following Scheme.

RMzocrinus. Bathycnnus.

a. May have radicular cini. a. No radicular cirri.

b. Only one or two discoidal joints at the top of b. Many thin discoidal joints at the top of tlie

the stem, and those not very thin. stem.

c. Basals long; radials short, and very closely c. Basals short; radials long, and comparatively

united. free.

d. Primary interradial cords fork within the d. Primary intorradial cords fork within the

basals. sutures between the radials.

e. Fi\se arms. «• Ten arms.

/. All the joints above the first radials are united /. The fifth, eighth, and eleventh joints above the

in successive pairs by syzygy. primary radials have a muscular articulation

at each end ; the remainder are united in pairs

by trifascial articulations.

g. The first pinnule may be either on the g. The fii-st pinnule not lower than the eleventh

primitive sixth or eighth joint above the first joint above the first radial,

radial, i.e., on the epizygal of the third or

fourth syzygial pair.

It has been already pointed out that Bathycrinus ranges through a greater number

of degrees of latitude than any other Stalked Crinoid, even Rhizocrinus ; and it is only

surpassed in this respect by the ubiquitous Antedon. Bathycrinus carpenteri was

found by the Norwegian North Sea Expedition as far north as 65° 55' N. lat.
;

while Bathycrinus aldrichianus was twice met with by the Challenger in the Southern

Ocean beyond the parallel of 46° S. lat. In the intervening Atlantic Ocean have been

found Bathycrinus gracilis (Bay of Biscay) and Bathycrinus camphellianus (just north

of the equator) ; while other examples of the genus, the specific characters of which are

as yet unknown, were dredged by the "Talisman" in the Atlantic (1883) at adepth of from

2000 to 2380 metres (1200 fathoms).' It is distinctly an abyssal type, ranging from

1050 to 2435 fathoms. The only Crinoids which have been found at greater depths than

the latter are two species of Antedon.

We have no certain knowledge of the occurrence of Bathycrinus in the fossil state
;

though it is by no means impossible that some of the stem-joints so common in the

1 Kapport preliminaii-e sur Fexpedition du "Talisman" dans I'Occiau Atlantitiue, Comptes rendus, t. xcvii.

p. 1392.
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Tertiary beds of the Continent may really belong to this genus. Meneghini has indeed

suggested that two forms of joint found in the Italian Tertiaries are those of Bathycrimis;^

but there is no evidence either for or against this idea. For the lower stem-joints of

Bathycrinus are indistinguishable from the non-cirriferous joints of Rhizocrintis, though

the differences between the immature joints of the upper part of the stem may be readily

recognised in the two genera.

Key to the Species of Bathycrinus herein Described.

I. The lower part of the radial funnel much constricted,....
IL The radial funnel slopes uniformly downwards from the upper to the lower edge.

a. Calyx constricted at the basiradial suture. Basal ring scarcely wider

above than below. Arm-joints smooth, ....
h. The slope of the radials is continued on to the basal ring, which is wider

above than below. Arm-joints overlap,

1. Campbellianvs.

2. Aldrichianus.

3. Gracilis.

1. Bathycrinus campbellianns, n. sp. (PI. Vila. figs. 22, 23; PI. VIII. ; woodcut, fig. 15).

Bathycrinus aldrichianus, Wyv. Thorns, (pars), Journ. Linn. Soc. Lond. (Zool.), (1876), vol. xiii.,

1878, pp. 47-51, fig. 1 ; The Atlantic, 1877, vol. ii. pp. »2-95, fig. 23.

t
'

Dimensions.
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of the axillaries have sharp edges, and these are continued along the sides of the first

three or four brachials, after which the joints become more cylindrical in form. The two

lowest are squarish, and both, Ijut especially the first, are wider than their successors,

which are longer than wide, and overlap rather

sharply both at the muscular and at the trifas-

cial articulations, but more so at the former.

The first pinnule is almost always on the

ninth brachial, and the pinnules are attached

some little way behind the distal edges of the

joints which bear them, so that the socket is quite

distinct from the articular face.

The joints of the six or eight lower pinnules

which are enlarged to hold the genital glands

have a sharp dorsal edge and broad thin sides

which are much produced upwards, but the later

pinnules are more slender. The disk is paved

with closely set plates.

Colour, in spirit, white.

Locality.—Station 106. AugiTst 25, 1873;

lat. 1° 47' N., long. 24° 26' W. ; 1850 fathoms;

Globigerina ooze ; bottom temperature, 36°-6 F.

(1°"8 C). One specimen, now without stem or

basal ring.

Remarks.—This species may be readily dis-

tinguished from the other three by the shape of

the funnel formed by the united first radials, and
the overlap of the arm-joints. As pointed out

abeady (ante, p. 234), it was not at first dif-

ferentiated by Sir Wyville Thomson from the

larger form obtained in the Southern Ocean, to

which he ultimately limited the name Batluj-

cnnus aldricUanus. In fact it seems to be the

type from which the description of Bathycrinus

aldrichianus was mainly di-awn up. Althouoh
an entire specimen was obtained, the stem
appears to have separated from the head and to have been eventually lost; for

otherwise we may take it for granted that the stem would have been drawn under
Sir Wyville's direction, together with the head belonging to it. In fact the upper
part of the stem was drawn, together with the head, for the woodcut (fig. 15) which

Fig. 15.

—

Bathycnnu scampbeUianus, n. sp. ; tliree times
the natural size.
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api^eared in the Journal of the Linnean Society, and also in The Atlantic. There

can be no doubt that the head there represented is that of Bathycrbms campbel-

lianus, owing to the strongly marked serration of the arm-joints, and the character of

the pinnules. In fact the figure given in The Atlantic is definitely stated to represent

the specimen from Station 106 ; while the fragment of a stem which it shows is entirely

different from the upper part of the stem of Bathycrinus aldrichianus represented in

PL VII. fig. 11. The numerous thin joints immediately beneath the cup, which are so

characteristic of the genus, are not properly represented in the woodcut, and the joints

just below where these ought to be are considerably longer than one would expect to

find so near the cup. It may be assumed that IVIr. Wild's drawing was photographic in

its accuracy, so far as he could make out the structure of the small specimen ; but errors

may have crept in during its reproduction on wood, and the cut was published during

Sir WyviUe's absence from England, so that he had no opportunity of revising it.

Under these circumstances, therefore, it appeared preferable to say nothing about the

stem in the specific diagnosis given above, rather than to attempt to describe it from

a probably incorrect woodcut.

Two irregularities in the arrangement of the pinnules appear in this specimen. In

one case the sixth brachial is not free as it normally is, but is united to the seventh

;

whUe the eighth is free instead' of the ninth, and bears the first pinnule. In the other

case the ninth brachial is not free as usual, but is united to the tenth, which bears a

pinnule, so that there are only two free joints, the third and the sixth.

In his first account of the Challenger species of Bathycrinus, Sir WyviUe Thomson ^

stated that " as the stalked Crinoids are perhaps the most remarkable of all the deep-sea

groups, both on account of their extreme rarity and of the special interest of their

palseontological relations," he meant "to associate the names of those naval oflficers

who have been chiefly concerned in carrjang out the sounding, dredging, and trawling

operations with the new species whose discovery is due to the patience and ability with

which they have performed their task." In accordance with this idea Sir WyviUe

established the new species Hyocrinus bethellianus and Bathycrinus aldrichianus; and

he left the MS. names Bathycrinus campheUiamis and Pentacrinus naresianus upon

the proofs of two of his plates. These names I have of course adopted. They refer to

Lieutenant Lord George Campbell, and to Admiral Sir George Nares, who commanded

the Challenger during the earlier part of the cruise.

1 Journ. Linn. Soc. Land. (Zool.), 1876, vol. xiii. p. 47.
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Bathijcrinus nidrichianus, Wyville Thomson, 1876 (PI. Mi.; PL Vila. figs. 1-21;

PI. Vllb. ; PI. Vnia. figs. 4, 5).

BatliyvrinH.< uhlnchianas, 'Wyv. Thorns, (pans), Jouin. Linn. Sue. LonJ. (Zool.) (1876) 187!?,

vol. xiii., pp. 47-51 ; Tlie Atlantic, vol. ii. \)\y 'JiJ-l)."), 1877.

Dimensions.

Greatest length of stem (fiile C. W. T.), ..... :;0U-250 mni.

Longest stem-joints, ....... 3'50 ,,

Greatest width of lower joint.s, . . . . . .
2'00

,,

Total length of largest head, . . . . . . .'?0'00
,,

Height of basal ring, ....... O'SO ,,

Greatest height of radial funnel, . . . . . . 2-10.,

Greatest diameter of radial funnel, . . . . . . 4'25 ,,

Least diameter of radial funnel, . . . . . . l-oO ,,

Length of second radial, ....... 3'00 ,,

Length of third radial, . . . . . . . 2'75 „

Stem composed of about one liuudrcd joints, of wliicli the first twenty or twenty-five

are wider than high, those immediately beneath the cup being mere circuhir disks, and

sUghtly wider than the thicker ones on which they rest. Tlic next joints below increase

slowly in width and more rapidly in length. The ends are slightly expanded and the

terminal faces oval-oblong in form. Their shorter diameter is occupied by a strong and

continuous transverse ridge, the directions of the ridges on the two faces of any joint

being nearly at right angles to one another. About the middle of the stem the diameter

begins to increase more rapidly, and the ends of the joints appear less expanded while the

terminal faces are circular ; and near the base the diameter increases considerably,

while the length remains the same or even slightly diminishes. The ends of the joints

are considerably expanded and their faces oval, with their longer axes occupied by

an articular ridge which is interrupted at the opening of the central canal. The stem

ends below in a small branchino; root.

The basals are closely united into a low, smooth ring, which is scarcely wider above

than below, where it is of the same diameter as the thin uppermost stem-joints. On its

upper surface rests the funnel-shaped radial pentagon which expands uniformly upwards

to its distal edge, so that the calyx has the appearance of being much constricted at the

basiradial suture. The surface of each radial is strongly convex in the middle but falls

away at the sides, so that the rim of the funnel is drawn out into five curved edges in

which the second radials rest. These are trapezoidal in form and convex at their

proximal ends. This convexity is continued onwards as a ridge of tolerably uniform

width, so that there is a flattened .surface on either side of it, which increases in size

towards the distal edge. This feature is continued on to the axillaries, which are wider

than the second radials, and barely pentagonal in form. The medio-dorsal ridge enlarges

(zool. CHALL, ESP.—PART xxxii.—1881.) Ii 31
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about the centre of the joint, and is continued on to each of the arm-bases, where it disappears

after about the first eight joints. These have sharp lateral edges where their flattened

sides meet the dorsal surface. The first three or four are wider than long, their successors

gradually becoming more cylindrical, but never much longer than wide and not over-

lapping, so that the dorsal surface is smooth. Tlie third joint is sometimes the only free

one, all its successors being united in pairs ; while in another case the fourth is free as

well as the third, and also the seventh and tenth, the intermediate pairs being united.

In a third variety three pairs after the third brachial are united, and the tenth is free

again, while the remainder of the arm is normal. There are fifty joints in an arm

30 ram. long {fide C. W. T.).

The fii'st pinnule is generally on the ninth, but sometimes not till the eleventh

brachial. The pinnule attachment is near the end of the joint, so that the socket enters

into the composition of the terminal face (PI. Vila. fig. 21). The joints of the lower

pinnules are not greatly larger than those of their successors. The disk is unprotected

by plates.

Colour, in spirit, white.

Aljout a dozen heads and several stems, some retaining the basals.

Localities.—'^ts.tiou 14G. December 29, 1873 ; lat. 46° 46' S., long. 45° 31' E.;

1375 fathoms ; Globigerina ooze ; bottom temperature 3G°'6 F.

Station 147. December 30, 1873 ; lat. 4G° IG' S., long. 48° 27' E.; 1600 fathoms;

Diatom ooze ; bottom temperature 34°'2 F.

I have no record respecting the number of individuals obtained at each Station.

According to Sir Wyville Thomson' this species " seems to be widely distributed ; we

have detected fragments of it at at least six or seven Stations in the Atlantic and the

Southern Sea."

Remarks.—The head of this species is readily distinguished from that of BatJnjcrinufi

camphelliaims by the calyx l)eing constricted at the basiradial suture, and not in the

radial funnel above it ; by the greater width of the arm-bases, and by the smoother

dorsal surface of the arms. In the first of these characters it resembles Bathycvimts

carpenter i, so far as can be made out from Danielssen and Koren's figure; but it is mucli

more rolnist than the northern .species, in which the axillaries are considerably shorter

than the second radials, while the lower stem-joints are relatively longer, and have much
more expanded ends than those of Bathycrinus aldrichiamis, in which the dice-l.)ox shape

is less apparent.

When the collection of Stalked Crinoids came into my hands, I found one bottle

labelled " Pterocrinus and Hyocrinus, Stations 146 and 147." As I liad never heard of

tlie former genus, my curiosity was much excited, and it was with considerable

disappointment that I found the contents of the bottle, besides Hyocrimis, to consist

1 Jonrn. Linn. Sor. Land. (Znnl.), vol. xiii. ji. 51 (ISTfi) 1878.
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principally of headless stems of Bathi/cj'inui^ aldrichiaiius, some with ,iinl sonic without

the basal ring at the summit.

Mr. Murray tells me that one specimen of " Pterocriniis" was presented to the

University Museum at Sydney by Sir Wyville Thomson, which indicates that there must

have been several duplicates of the type. The only explanation of these facts which I

can think of is, that Sir Wyville had not then (1874) made up his mind that the

velativ(>ly large individuals dredged at Stations 106, 14G, and 147 were generically

identical with the small and immature specimen which he had described two years

previously as the type of the new genus Bathijcrinus ; so that he was led to give them the

MS. name Pterocrinus, which he afterwards abandoned (187G) in favour of Bathijvrinuti.

BathjcriniMi (jracilis, Wyville Thomson, 1872 (PL Villa, figs. 1-3; woodcut, fig. 16).

1S72. Buthycfinns (jracilU, Wyv. Thorns., Pioc. Itoy. Soc. Edin., vol. vii. p. 772 ; The Depths

of the Sea, pp. 4.50-454, tig. 73, 1873.

Dimensioiii^.

Greatest length of stem (about ioi'ty juhits), . . . 57 '00 rum.'

Longest stem-joints, ....... 2'50
,,

Length of head, ........ S'OO ,,

Description of an Individual.—Stem composed of about forty joints, of which the

first ten or twelve are wider than hif>h, increasino- in thickness from above downwards.

The following joints, at first cylindrical, increase rapidly in length, and acquire slightly

expanded ends, which become more and more marked in the lower joints, till the width

of the end is 1 mm., twdce the width of the shaft. The joints diminish in length towards

the base of the stem, which ends in a small branching root.

The basals are closely united into a smooth ring, the lower part of which is of the

same size as the upper stem-joints, but expands gradually upwards.^ The radial pentagon

above it expands more rapidly, so that there is a constriction at the basiradial suture,

though not so marked as in Bathi/crinus aldrichianus. The radials are strongly convex

in the medio-dorsal line, but more flattened at the sides. Second radials nearly oblong,

with a sharp median ridge and a slight hollow on either side of it. Axillaries shorter

than the second radials and nearly oblong, and also marked by a sharp medio-dorsal

ridge which forks about the middle of the joint, and is continued on to the three lowest

brachials. There arc only about twelve brachials in the arm, all of which are distinctly

longer than wide, while the first two or three are scarcely wider than the rest, and have

straight lateral edges like the radials. The later joints overlap rather sharply, so that

the dorsal edge of the arm is serrate. The disk is unprotected by plates.

Colour, in spirit, brownish- white.

Zoefl?/^^/.—H.M.S. " Porcupine," 1869. Station 37. Lat. 47° 38' N., long. 12° 8' W.

;

^ Sir Wyville gave thi.'< measurement as 90 mm., wliich was possibly a mispiiiit for CO.

- This expansion is not ipiite marked enough in the figure.
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2435 fathoms; Globigerina ooze; bottom temperature 36°-5 F. One nearly complete

spceiraeu, and one stem with the basal ring attached, but wanting the rest of the calyx.

Remarks.—The shortness of the arms

and the absence of well grooved pinnules

indicate that the single specimen of this

elegant little species is not fully developed.

Sir Wyville Thomson^ said that " there is no

trace of pinnules, and the arms resemble iu

character the pinnules of Rhizocrinus."

There are, however, little stumps on the

terminal joints of one or two of the arms

which give them the appearance of bifurca-

tion, jiist as at the growing point of the

arms of a young Comatula or Pentacriniis

;

and I see no reason to doubt that these

stumps are the commencing pinnules.

I liave already pointed out that the arm-

joints of Bathycrinus cjvaciUs are united in

pairs exactly like those of Bathycrinns aldri-

chianus and Rhizocrinns, except that in the

latter genus the union is a syzygial one ; and

the sujjposed resemblance of the arms of

Bathycrinus gracilis to the pinnules of Rhizo-

crinus thus disappears.

As might be expected from its geogra-

phical position, Bathycrinus gracilis comes

nearer to Bathycrinus carpenteri than to

either of the Challenger sjjecies. The lower

stem-joints are strongly constricted with

markedly expanded ends as in that type ; 1 )ut

the absence of orals, the well defined medio-

dorsal keel on the radials and arm-bases, and

the serrate condition of the arms are sufficient

to distinguish it without difficulty.

During the expedition of the " Talisman
"

in 1883" a few much mutilated specimens

both of Bathycrinus gracilis and of Rhizocrinus rawsoni (Democrinus parfaiti, Perrier)

' The Depths of the Sea, p. 452, 1873.

^ Comptes rendus, t. xcvii. p. 1392. See also H. Filhol, Voyage du "Talisman" in La Nature, No. 572, 17th May
1884, p. 331.

FlQ. 16.—£ai%C)-j/i!M(/i-aCT7is, Wyville Tliomson; twice
the natural size.
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were ol)tained off the Morocco coast at a depth of from 2000 to 2300 metres (1200

fathoms), "par le travers du cap Ghir et du cap Noun, a 120 milles environ de h^ cote."

This locality (in al)out lat. 30° N.) is the only one at which these two genera have

been found associated. It is some 18° farther south than the position at which Bathy-

crinus gracilis was fii'st discovered by the " Porcupine."

Genus Mhocrlirxs, M. Bars, 1804 ; nncud, V. IT. Carpenter, 1884.

Evgcniacrinitcs']

Apiocrinitcs \

Asterins

Gmiiaster

Aui'tni-uni.

184G. Bouri/iielicniias. d'Archiac, Mem. Soc. geol. de France, s6r. 2, t. ii. p. "200.

1847. C'onocriima, d'Orbigny, Cours elt'meut. de Paleniilol. et de Geol. slrnti.i;T.,' t. ii. Fasc. 1, Paris,

1852, p. 147.

1850. Bonrgueticriiiiis, d'Archiac, Mem. Soc. geol. dc France, ser. 2, t. iii. p. 418.

1850. Co»otv/«?rs, d'Orbigny, Prodrome de Paleontologio stratigraphique imiverselle des Aninianx MoUiisqnes

et Rayonnees, t. ii., Paris, 1850, p. 332.

1852. Boiinjii'lirrimis, Forbes, Monograph of the Echinodermata of the British Tertiaries, p. 3G.

18G4. Rhiwcrbms, M. Sars, Forhandl. Videii.sk. Solsk.,
i>.

127.

1868. Bourijuelicrhws, Pourtalcs, liull. ;Mu.s. Comp. ZoJil, vol. i.. No. 7, ji. 128.

1868. lihizocrimif:, j\I. Sars, Jlemolres pour servir a la connaissance des Crinoides vivants, p. 38.

1868. Rhixocriniis, W. P.. Carpenter, Proc. Roy. Soc, p. 173.

1872. Rhixocrinux, Wyv. Thoius., Proc. Roy. Soc. Edin., vol. xvii. p. 770.

1874. Rkixocriniis, Pourtales, 111. Cat. Mas. Comp. Zool., No. 8, p. 27.

1874. Ehixocrimw, IManzoni, Bollett. d. 11. Com. Geolog., p. 158.

1874. Rldxocvinus, Beyrich, Jlonatsber. il. h. preuss. Akad. d. AViss. Berlin, p. GOG.

1875. Conocrinus, Meneghini, Atti dell. Soc. Toso. di Soi. Nat., vol. ii. p. 46.

1875. RMzocrinus, Jlenoghini, IhuL, p. 57.

1878. Conocrinus, de Loriol, ^Monographie des Crinoides fos.files de la Suisse, p. 190,

1880. Conocrinus, Zittel, Handbuch der Paleontologio. Paheozoologie, Bd. i. p. 391.

1882. Rhizocrinus, P. II. Carpenter, Bull. Mus. Comp. Zoiil., vol. ix., No. 4, p. 173.

1883. Democrinuii, Perrier, Comptes rendus, t. xcvi. p. 450.

1883. Rhizocrimts, P. H. Carpenter, Ann. and Mag. Nat. Hist., .ser. 5, vol. xi. p. 33G, 1883.

1884. Rhizocmiu.-:, P. H. Carpenter, Proc. Roy. Soc. Edin., vol. xii. p. 35G.

The stem is composed of dice-box shaped joints, and terminates l)elow in a .si^reading

root, or bears a number of branching radicular cirri which come off irreguhu'ly, but not

in definite verticils.

Only a very few of the uppei- joints are thin and discoidal, and sHghtly wider than

those below them.

The second volume of the Cours elementaii'e bears the date 1852 on the title page ;
but the geuus is referred tn

as "Conocrinus, d'Orb., 1847." This also appears in the Prodrome de Pak-outologie published in 1850, in which work

according to de Loriol, the genus was first established ; and I suspect that the date 1847, which is claimed by d'Orbigny

for bis genus, merely has reference to an unp\iblished MS.
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The calyx is higher than wide, generally much so. It consists of five basals and

five radials, of which the former (in the recent species at least) are much the longer.

Arms five, the joints united in pairs by syzygies, with pinnules on the epizygals only.

The first piiniule on the epizygal of the third or fourth pair. The epizygal of the first

pair has the sides of its ventral furrow produced upwards into strong processes which

support the disk. The peristome is protected by five oral plates of variable size, but the

remaining portions of the interpalmar areas are not plated. The ambulacra have covering

plates, but no side plates.

Reiiuo'ks.—The name Rhizoo'iims was first employed in 1864 by the late M. Sars ^

to designate a singular new Crinoid which had been discovered by G. 0. Sars in his

dredgings among the Lofoten Islands ; and it was the extreme interest of this type as

a sort of degraded Apiocrinite which, through the intervention of Dr. Carpenter and the

late Sir Wyville Thomson, led to the di-edgiug cruise of H.M.S. "Lightning" in 1868.

The results of this cruise, Rhizocrinus among them, were so remarkable that it was

followed by the "Porcupine" Expedition of 1869-70, and eventually by the voyage of

the Challenger. It was the discovery of Rhizocrmus, therefore, and the interesting-

speculations to which this discovery gave rise, that led this country to take a foremost

place in the woi'k of deep-sea exploration. Meanwhile, however, Rhizocrinus had been

rediscovered by the late Count Pourtales during the dredgings carried on by the U.S.

Coast Survey in connection with the regular exploration of the Gulf Stream.'-^ At that

time (May 1868) Sars's elaborate memoir on the type had not yet appeared, and the

specimens dredged by Pourtales were described by him as " undoubtedly belonging to

the genus Bourgueticrimis, as defined by d'OrbignJ^" a remark in which I entirely

concur. He gave the provisional specific name " Hotessieri" to his specimens, thinking

that they might possibly be identical with Bourgueticrinus Ilotessieri, d'Orb., stem-joints

of which had been discovered in a recent breccia at Guadeloupe. After the appearance

of Sars's memoir, however, he recognised the identity of the Gulf Stream and of the

Lofoten examples of the type, for wliich he adopted Sars's name Rhizocrinus lofotensis.'^

But he took a totally difierent view of the composition of the cup from that proposed

by Sars, and in this respect, as will be pointed out immediately, he was decidedly in the

right. For the large subradial portion of the summit, which was considered by Sars

as an enlarged upper stem-joint, was shown by Pourtales to consist of five closely

anchylosed basals.

In the year 1875 the name Rhizocrinus was doubtfully given by Meneghini^ to some

' Forhandl. VidensJc. Selsh, Christiauia, 1864, p. 127. "Den 14Je. October, Hr. Sars lioldt et Foredrag om
Pentacrinoide tilstanden af Comatula sarsii og um eu iiy leveaide Crinoide Rhi^ocririus lofotensis."

- ContriLutiuns to the Fauna of tlie Gulf Stream at Great Depths, Bull. Mus. Covip. Zotil., vol. i., No. 7, p. 128.

^ List of the Crinoids obtained on tlie coasts of Florida and Cuba by the U.S. Coast Survey Gulf Stream Expedi-

tions, in 1867, 1868, 1869, Ihld., No. 11, p. 357.

^ I Crinoidi Terziarii, Atii dell. Sue. Tosc. di i<ci. Nal., vol. ii. pp. 46, 50.
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stem- and anu-joiuts from the Italian Tertiaries, while lie revived d'Orbigny's name

Conocrinus for d'Archiac's Bourgueticrinus thorenti, after an interval of nearly twenty-

five years. During this period, so far as I am aware, no pateontologist had taken any

notice of d'Orbigny's attempt to differentiate Conocrinufi from Boitrgveticriiuis. The

first description^ which he gave of the former genus (1847 ?) ran as follows :
" C'est un

Bourgueticrinus ayant la tige comprimee, mais avec une seule s^rie de pieces brachiales,

sans pieces basales ; " and he referred to it one unnamed species from the Suessonien

(Lower Eocene). Three years later (1850) he spoke of Conocrinus as "genre voisin des

Bourgueticrinus, mais sans pieces basales, eomme les Eugeniacrinus;" and he mentioned

Bourgueticrinus thorenti of d'Archiac as belonging to this generic tyjie.- Meneohini has

shown, however, that two species were described under this name by d'Archiac. One
is a much elongated type, first described in 1846, and probably that referred to by

d'Orbigny in the following year; while the otiier that was not noticed till 1850, the j^ear

in which the second (first ?) description of Conocrinus appeared, is the Eugeinocrinvs

pyriformis of Miinster. This species was not referred by d'Orbigny to his new genus

Conocrinus, though undoubtedly belonging to it, as pointed out l)y Meneghini. But it

was retained by him in Eugeniacrinus, so that the only species of Conocrinus recognised

by d'Orbigny was the elongated Bourgueticrinus thorenti of d'Archiac. The figures and

descriptions of this ty]^)e given by the latter author are somewhat incomplete. He had

very few specimens, and was exceedingly doubtful about the position of the sutural lines,

while they are certainly placed wrongly in his figure,'' according to which the second

radials rest upon the sutures of the first. There is likewise no indication of an enlarge-

ment of the uppermost stem-joints so as to form a " summit," which is so characteristic

of Bourgueticrinns ; while the presence of basals below the radials or " pieces superieures
"

of Bourgueticrinus thorenti was distinctly described liy d'Archiac, though he probably

figured them incorrectly. Nevertheless, Conocrinus is a Bourgueticrinus without basals,

and d'Archiac's species in which basals are jDresent is made the type of the genus !

Neither does it help in the difterentiation of the two genera to speak of Conocrinus as

a Bourgueticrinns with a compressed stem, when the stem of Bourgueticrinus itself is

described as being compressed.* I find very considerable difiiculty in comprehending

what d'Orbigny really meant by Conocrinus. If it be "voisin de Bourgueticrinus," but

also resembles Eugeniacrinus in tlic aljsence of basals, why was it omitted in his scheme

of classification of the Apiocrinidse, published in 1858, from the fourth section comprising

Eugeniacrinus alone,'' and distinguished ])y having only " une serie de pieces an sommet"?

On p. 95 he pointed out that no Tertiary species of Bourgueticrinus were then known,

from which one may infer that the Tertiary fossils previously referred to rhis genus
' Cniirs elenumt de Paluontol. et de Oc'ol. stratigr., t, ii., 1852, p. 147.

- Prodrome de Paleontologie stratigrapliiqiie universelle des Aaimaux JInllusques et Rayonnees, t. ii. p. 322.
" Mi'm. Soc. (jM. de Franrr. ser. 2, t. ii. p. 2i>0, pi. v. fif'. 20.

1 f!ours elc'mciit de Paleoiitol. et de Geol. stratigr., t. ii., 1852, p. 147. ^ Hist. Nat. des C'rinoidcs, ]\ 2.
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really belonged to Conocrinm. But as lie did not place the latter type among the

Apiocriuidas together with Bourgueticrinus and Eiujcniacrinus, it would seem that he had

either abandoned it altogether, or else entirely misunderstood its real character and

affinities ; and in the absence of figures or original specimens his account of it would be

absolutely unintelligible.

Rhizocrinus was first described by Sars in 1864,' and more fully in 1868'-; and

though he was led to consider the anchylosed basals as a top stem-joint, this error was

corrected by Pourtales and myself before a fresh diagnosis of Conocrin us was given by

de Loriol.'' This indeed was only provisional, in default of better knowledge, and owing

to Meneghini's failure to find the interbasal sutures in a section through the lower part of

the calyx,* just as in a recent Rhizocrinus or Bathycrinus (PI. Vila. fig. 13), de Tioriol

was led to consider it probable that the basals " n'existent pas et sont intimement soudees,

de maniere a former comme une seule piece centro-dorsale." He thus fell into exactly

the same error as had been made by Sars and Ludwig respecting the recent Rhizocrinus

hfotensis. Zittel,''* however, who had satisfied himself regarding the presence of inter-

basal sutures in Conocrimis puriformis, recognised the identity of this genus with Rhizo-

crinus, but did not adopt the latter name on the ground that " Nach den Regeln der

Prioritiit gebhhrt dem Namen Conociinus, d'Orb. die Prioritat, wenn gleich die Gattungs-

diagnose d'Orbigny's unvoUstiindig und theilweise unrichtig ist."

It seems to me, however, that this is stretching the rules of priority to the widest

possible limit, or even beyond it ; and that definitions which are incorrect, meaningless,

and altogether incomplete have no claim whatever to recognition. Llitkeu remarked in

1864 that the distinction of Conocrinus from Bourgueticrinus was stiU a matter of

uncertainty; while d'Orbigny's own countrymen Hebert and Munier-Chalmas did not

adopt his generic name for the new type which they described as Bourgueticnnus suessi

;

and although it was subsequently referred by de Loriol to Conocrinus, and carefully

described, the genus Rhizocrinus had meanwhile become thoroughly well established and

universally recognised by zoologists.

Both Sars and de Loriol were in error as to the composition of the calyx in this type
;

and a correct definition of Conocrinus was not given until the publication of Zittel's

Palaeontology in 1879 ; while even as early as 1868," and subsequently more fully in

1874,^ Pourtales had correctly pointed out the characteristic features of Sars's genus

Rhizocrinus, especially as regards the presence of basals, which had been supposed to be

either absent altogether, or else modified into a kind of rosette. According to Sars*

" Ce qui est remarquable et characteristique pour la tige du Rhizocrinus, c'est son sommet

1 Forhandl. Vidensl: Selslc, p. 127. - Crinoides vivants, pp. 38, 39.

3 Swiss Crinoids, p. 191. • Loc. cit., p. 50.

^ PaLcontologie, p. 392. " Bull. Mm. C'omp. ZooL, vol. i., Xo. 7, p. 12!).

' 111. Cat. Mus. Comp. ZoiJi, Xo. 8, pp. 27, 23. * Criiioiik'S vivants, p. 4.
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qui forme un grand evasement obconiquc ou calieiforme, ce qui donne a notre Crinoide

de la ressemblance avec lo genres fossiles Apiocrinus et Bourgueticrinus. Cette extremity

n'est done pas autre chose que le sommet de la tige qui s'dlargit successivement." Sars

considered the summit therefore as an enlarged uppermost stem-joint analogous to the

centro-dorsal of the Comatulse. He was unable to resolve it into any component parts

by treating it with alkalies ; and it is consequently not surprising that he was led to

regard the whole subradial portion of the cdljx as composed of but one single piece. In

fact he was never able to separate this piece from the radials or the radials from one

another, the existence of these plates being only indicated on the outside of the calyx by

very faint sutural lines, occasionally rendered more distinct by slight furrows.

It never seems to have struck him, however, that there might be basal plates below

the radials which were similarly, but more closely anchylosed ; and he was led to consider

the basals as fused, like those of Comatulas, into a kind of rosette. This circular plate

(PL Villa, figs. 6, 7; PI. X. figs. 1, 4

—

hr) "est situee a I'interieur dans I'espace central

laisse en dedans de I'anneau formd par I'adhesion des premiers radiales ; " ^ but Sars was

unable to isolate it, owing to its very close adherence to the first radials.

It has been pointed out that Rliizocrinus was dredged by Pourtales in 1868 before he

had heard of its discovery by Sars ; and the condition of his specimens was fortunately

such that he was able to describe the calyx as " composed of a cycle of elongated basal

(pelvic) pieces, followed by the much shorter first radials (costals) alternating with them.

These pieces are all so intimately connected with each other that the sutures are seen

with difficulty."^ This account seems to have escaped the notice of Sir Wy\dlle Thomson;

for in his description of the " Porcupine " Crinoids^ he stated that " in Rliizocrinus the basal

series of plates of the cup are not distinguishable. They are masked in a closed ring at

the top of the stem." He did not, however, entirely accept Sars's view of the composi-

tion of the calyx ; for he went on to say that " whether the ring be composed of the

fused basals alone, or of an upper stem-joint with the basals within it forming a rosette

as in the calyx of Antedon, is a question which can only be solved by a careful tracing

of successive stages of development." The relatively large specimens which were dredged

by the "Porcupine" in 862 fathoms ofi" Cape Clear, show the interbasal sutm-es very

clearly ; and though they were referred at the time to Rliizocrinus lofotensis, they really

belong to the Caribbean species Rliizocrinus rawsoni, larger specimens of which were

obtained by the "Hassler" off Barbados in 1871, and described by Pourtales in 1874.

These, like the " Porcupine " specimens and the Gulf Stream variety of Rliizocrinus

lofotensis, also showed distinct interbasal sutures. Pourtales was therefore led to

dissent from Sars's description of the calyx in this genus, and to repeat more emphatically

his own previous statements concerning the existence of long but closely united basals.*

1 Crinoidesvivants, p. 12. ^ Sull. Mus. Comp. Zobl., vol. i. p. 129.

3 Proc. Roy. Soc. Edin., vol. vii., 1872, p. 770. * Mem. Mus. Comp. ZooL, No. 8, pp. 28, 29.

(ZOOL. CHALL. EXP.—PART XXSII. 1884.) li 32
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He found all the sutural lines in the calyx of both species, including those between the

basals, to be " always plainly visible with a lens of moderate power ;

" and he was there-

fore naturally surprised at the description of the calyx which was given by Sars as the

result of his study of the Norwegian specimens without interbasal sutures. In order to

verify the truth of his analysis of the calyx, Pourtales " forced a needle through the

central hole of the ealice of a Rhizocrinus lofotensis until it split. The fractures followed

the joints between contiguous basals and between the latter and the first radials."

These important observations were entirely overlooked by Ludvvig,^ who followed Sars

in describing the subradial part of the calyx as an enlarged uppermost stem-joint. He took,

however, another and more correct view of the circular plate which Sars had called the

basal rosette (PI. VUIa. figs. 6, 7 ; PI. X. figs. 1, 4

—

hr) ; for he regarded it as an unusual

development of the calcareous network which occupies the central portion of the radial

funnel in aU Crinoids (compare PI. XX. figs. 4, 6, 8) and surrounds the plexiform gland

ascending from the chambered organ (PI. XXIV. figs. 8, 9 ; PI. LVIII. figs. 2, 3

—

rj)).

1 have long ago expressed my acceptance^ of this modification of Sars's views which we

owe to Ludwig ; but I could never quite reconcile myself to believe in the account which

he gives of the basals of Rhizocrinus. Having disestablished the rosette of Sars, he found

it necessary to seek elsewhere for the missing basals of this type ; and here he fell into

error, probably, I think, from a too exclusive reliance on his interpretation of sections

through the decalcified calyx, without properly considering the characters of an isolated

calyx minus its muscles and ligaments, such as was excellently figured by Sars in his

Tab. ii. fig. 43.

A horizontal section through the upper part of the calyx (PI. Villa, fig. 7), or a view

of the calyx from above (PI. X. figs. 1, 4), like those given by Sars, shows five (or six)

apparently interradial pieces {mp) surrounding the so-called basal rosette (ir), and

occupying the interval between it and the large muscular and ligament-fossse on the

sloping distal faces. Sars considered these pieces, and rightly so. as integral parts of the

fii'st radials. Ludwig's sections, however, led him to believe that these pieces

(PI. Villa, fig. 7, mp) " nicht radiiir, wie es nach der Sars' schen Auffassung sein miisste,

sondern interradiar liegen, so nambch, dass stets die Mittellinie eines jeden Stiickes B in

die Trennungsebene zweier aneinanderstossender Eadialien fallt. " ^ The interradial position

of the pieces in question is, however, shown just as well in Sars's figures as in those of

Ludwig, who had no real grounds for stating that Sars had indicated their boundaries

incorrectly. He considered that their interradial position precluded their being connected

with the radials, and was therefore led to regard them as " nach innen verschobene und

' Zeitschr.f. tviss. Zool., 1877, Bd. xxix. pp. 66-68.

2 On some points in the Anatomy of Pentacrinus and Ehizocrinus, Journ. Anat. and Physiol., 1877, vol. xii. p. 50.

2 The apparently interradial position of these pieces (mp) is more marked in Ludwig's figures, where they are lettered

B, owing to the semidiagrammatic character of these figures and the omission of the interarticular and dorsal ligaments.
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in ihrer urspriingliclaen Gestalt veranderte Basalia." He supposed these basals to be in

a more embryonic condition than those forming the rosette of Comatula, and still

remaining independent of one another as five

isolated plates. But if this be the case one

would surely expect to find the basals

below the radials, and separating them from

the top stem-joint as in the early stages of

the Pentacrinoid larva of Comatulse and in

the Stalked Crinoids generally.

Ludwig, however, represents the supposed

basals both in horizontal and in vertical

sections as occupying a position above the

radials, and forming the floor of the body-

cavity some way above the chambered organ,

with which the basals of Crinoids are always

closely related. The position assigned by

him to the basals of Rhizocrinus is one which

I have no hesitation in describing as utterly

impossible for these plates to occupy ; and

the dotted line inserted in his longitudinal

section to mark the junction of the supposed

basals with the first radials below them is

purely imaginary. The same may be said

of the lines that indicate an enveloping of

the radials by upward processes of the

supposed top stem-segment below them,

which would cut oS" the radials altogether

from the exterior of the calyx (compare wood-

cut, fig. 1 7). That part of the calyx oi Rhizo-

crinus which was considered by Ludwig to

represent the embr}^onic basals altered in

position, though not in nature, really belongs

to the radials as was figured by Sars,^ who

spoke of these plates as follows :
—

" etant

tronquees dans leur partie interieure, elles

forment reunies un large anneau en laissant entre elles au milieu un espace arrondi

ou un pen pentagone, rempli par la plaque 'en rosette' (fig. 42, 43, r) mentionnee plus

haut, reste probable des basales. Au point oil cette plaque rencontre le bout tronque

' Crinoides vivants, p. 14.

Fig. 17.—Diagraramatic vertical section through the calyx and
disk of Rhizocrinus lofotensis ; x 75. Altered from Ludwig.
The section is represented as passing through the middle line of

a ray on the left hand side, and as almost (but not quite) inter-

radial on the right. A, axial cord of ray ; at, primary inter-

radial cord ; B, basal tube ; i„ first brachial ; br, central

calcareous plug, the basal rosette of Sars ; ca, fibrillar sheath

round vascular axis of stem ; ch, chambers of the quinque-

lociUar organ ; ch' their downward extension into the stem;

c.co., portion of circul.ar commissure formed by the secondary

inteiTadial cords
; fg, fore-gut ; G, mid-gut ; I, basiradial liga-

ment ; Hi, muscle ; nr, ortil ring of the ambulacral nervous

system ; 0, oral plate ; H^, radial ; re, rectum ; st, top stem-

joint ; T, tentacle ; v, central vessel of stem ; to, railial water-

vessel ; tor, water-vascular ring ; x, plexiform gland.
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interieur ou amiaci cles radiales, on remarque ^ chacun d'elles un petit trou rond,

d'oii sort un sillon droit et lineaire (fig. 43, s), qui longe la ligne mediane de la face

superieure ou ventrale de cliaque article et continue son parcours en remontant aussi de

long du milieu de la face ventrale des radiales suivantes." This interior truncated

portion of the radials is really their ventral face ; while the openings at its central

portion are the. ends of the axial radial furrows descending to the lower part of the

calyx, and the furrows proceeding outwards from them are the ventral radial furrows

(PI. Villa, fig. 7; PI. X. figs. 1, 4

—

vrf) as described and figured by Sars, though

Ludwig took them for interbasal sutures. Sars's fig. 42 is particularly instructive in

this respect, as four out of the five first brachials are in situ, and their ventral furrows

are seen to be continued downwards on to the radials.

The ventral interradial furrows which are so marked on the upper aspect of the calyx

of many Comatulse are absent or but slightly indicated in Rhizocrinus. Traces of them

may be seen, however, in fig. 42 on Tab. ii. of Sars's memoir. But the adjacent muscle-

plates of every two contiguous radials are intimately fused and also slightly everted.

Each is separated from its fellow on the same radial by a well marked, ventral radial furrow;

and the united halves of the inner faces of adjacent radials thus assume somewhat the

appearance of isolated interra-dial plates resting within and against the outer faces of

the radials. Ludwig was thus led to consider them as basals, and so to fall into exactly

the same kind of error with regard to their genetic relations as he attributed to Sars.

I have nothing to add to his account of the chambered organ ; but his description of

the cords which proceed from its fibrillar envelope needs a little modification. He has

pointed out that they are interradial and not radial as described by Sars ; but he says

that they " verbinden sich dann in den untersten Radialien durch Commissuren, ohne dass

vorher eine Gabelung stattgefunden hatte." Were this really the case, Rhizocrinus would

be a much more anomalous form than it actually is. For in all other Crinoids, recent or

fossil, in which this point has been worked out, with the exception of Bathjcrinus, the

primary interradial cords fork within the basals, and there are two openings either on the

inner (Comatulse) or on the under face (Pentcwrinus) of each first radial (PI. XII.

figs. 11, 22 ; PL XX. fig. 9). Ludwig, however, figures these cords ^ in Rhizocrinus as

single so long as they remain within the basals (top stem-joint, Ludwig) ; and he believes

them to fork in the suture between two radials, so that their branches would not enter

the radials through their inner or under faces, but at their lower lateral angles.

This is not quite the case, however, and it is probably to be explained by Ludwig's

having used the section-method only, without attempting to separate the pieces of the

calyx. This operation is one of no little difficulty, and some of the radials are sure to be

fractured in the process ; but others separate from the basals along the sutural lines, and

the arrangement of the canals can then be seen. The radials are comparatively low

^ Zeitschr. f. wiss. Zool, Bd. xxix. p. 72, 1877, Taf. vi fig. 18
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externally, and their upper and under faces approach, one another rather sharplj^, owing

to the convexity of the upper surface of the basals, so that their inner ends are very thin.

The centre of the funnel which they form is occupied by the compact plug of close cal-

careous network which was mistaken by Sars for a basal rosette (PI. Villa, fig. 7 ; PI. X.

figs. 1, 4

—

hr). This is attached firmly to the inner ends of the radials, and comes away

with them. It lies on the top of the convex upper surface of the basals, .the sloping sides

of which are divided into fossse for the reception of the radials. Close to the

inner end of each fossa is an elongated opening ; and there is a similar one at the

centre of the inner end of each radial ; but it is not exposed

until after the removal of the central plug. Ludwig's view,

however, requires that there should be an opening at the inner

lateral angle of each radial and none in the centre, as is reaUy

the case. The inference from this fact is that the primary

interradial cords actually fork in the basals, and that the left

branch of one fork, and the right branch of the next one pass

out together through one of the elongated openings on the

upper surface of the basal ring, which crosses the line of the Fin. is.—Diagram of tiie distribution

_ „ n 1
of the axial cords In the calyx of

mterbasal suture, i find this to be actually the case. Rhizocrbms lofotensis. b, basais;
E, radials ; h^, first brachials.

Sections through the uppermost part of the basal ring, above

the level of the chambered organ, clearly show the forking of the primary cords,

though no interradial lines of suture are visible at these points, as should be the

case on Ludwig's theory of the composition of the calyx. At the same time I can

readily understand how the use of the section-method alone led him to fall into this

error. For owing to the convexity of the upper surface of the basals, a horizontal

section through their central upper part might pass through the lowest and outer edge of

the radial pentagon, and thus show interradial sutures, although the central portion of

the section with the forking cords really belonged to the basals. The question is not a

very important one ; and but for my having been able to examine a dissected calyx, the

exclusive use of the section-method would have led me to follow Ludwig's description, ex-

cept in one point. He does not seem to have noticed the j)resence of the intraradial commis-

sures first described by himself in Antedon ; for he neither mentions them, nor introduces

them in his diagram and figures. The special interradial commissures are of course absent,

being unctionally replaced by the secondary interradial cords; but every two of these which

converge within the substance of a radial are united by an intraradial commissure, just as

they are in the Comatulse. This is clearly distinguishable in both the series of horizontal

sections which I have cut through the calyx of Rhizocrinus lofotensis (PI. Villa, fig. 6, ico).

The distribution of the axial cords in the calyx of Rhizocrinus is thus somewhat

different from that described by Ludwig, as will be seen if the accompanying woodcut

(fig. 18) be compared with fig. 18 on Tai. vi. of his memoir.
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There is another point in the anatomy of Rhizocrinus which is not brought out at all

in the semidiagrammatic figure given by Ludwig (Taf. v. fig. 7). The second brachials

(third radials of his nomenclature) are relatively much too small ; but whether he jrar-

posely neglected the appearance presented by them, or whether they were really small

and undeveloped in his specimens from reparation after injury, I cannot say. The whole

of the visceral mass is occupied by the winding gut (PI. Villa, fig. 8, G) ; so that the

body-cavity is reduced to a minimum. But the outline of the visceral mass is not

circular as represented by Ludwig, for a large diverticulum of the gut extends outwards

between every two brachials. These approach one another over its outer end, so as to

protect it, and it is supported on either side by one of the large processes bordering the

ventral furrows of the brachials which were described and figured by Sars. This is well

shown in the left hand portion of PL Villa, fig. 8 ; while the right hand side shows the

second brachials almost meeting one another over the interradial diverticulum of the

rectum. The visceral mass and third radials of Bathycrinus present the same characters

as seen in PL VII. fig. 4a, and PL Vllb. fig. 7, the first of which shows the great pro-

cesses on the ventral face of the axillary radial. It would be interesting to determine

whether the axiUaries of Bourgueticrinus present similar processes.

The syzygies of Rhizocrinus, at any rate in the lower parts of the arms, are slightly

difi'erent in character from those of other Crinoids. The apposed faces are not completely

striated as in Comatula, or even partially so as va. Pentacrinus (PL XII. figs. 7, 10, 18, 21

;

PL XXI. figs. \ d, 2d, 5 a; V\. XXX. figs. 20, 21), as Sars has already pointed out in

the case of Rhizocrinus lofotensis} Neither, however, are they perfectly simple, as is

sometimes the case in Pentacrinus (PL XXVI. figs. 5, 8 ; PL XXXVII. figs. 3, 4

;

PL L. figs. 6, 7, 12, 13). For there is an indistinct vertical ridge around the opening of

the central canal of the hypozygal, resembling that of a bifascial articulation ; and this

forks at its lower end so as to enclose a somewhat triangular pit into which there fits a

corresponding process of the epizygal. The hypozygal faces which I have found to show

this character most clearly are those of the first brachials of a Rhizocrinus rawsoni from

the Azores (PL X. fig. 8). It is less visible in the corresponding joints of the Havana

specimen (PL X. fig. 6). It likewise appears, though less distinctly, on the first brachials

of a specimen of Rhizocrinus lofotensis from Havana (PL X. fig. 1). Sars makes no

reference to it in his description of this species, but the pit on the distal face of the first

brachial is clearly shown in his Tab. iii. fig. 53, and also in a dorsal view (fig. 54). The

backward projection on the second brachial of Rhizocrinus rawsoni is represented in

PL X. fig. 19 ; while figs. 17 and 18 show the apposed faces of a syzygial union farther

out on the arms, the backward process of the epizygal and the corresponding pit on the

hjrpozygal being very distinct.

A curious peculiarity which is presented by one of the Azores specimens of Rhizocrinus

1 Crinoides vivaiits, pp. 15, 22.
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rawsoni is sliowu iu PI. X. fig. 8. The adjacent edges of two contiguous first brachials

send out short processes which meet one another and rest upon the fused muscle-plates of

the two radials beneath, so as to cut off a tubular space from the body-cavity. I have

found nothing lilic this in either of the other specimens, which have lost all the visceral

mass together with the second and following brachials (PI. X. fig. 6). The structure in

question may be only accidental, or on the other hand it may perhaps have some relation

to the anal tube.

The presence of the syzygy between the first and second brachials of Rhizocrinns

renders it a matter of some difficulty to obtain entire specimens, especially of Rhizocnnns

rawsoni. For the arms break away at this point, carrying with them the entire visceral

mass. This is the condition of the individuals represented in PI. X. figs. 1, 6, 8 ; while

fia. 20 shows the arm-bases from the second brachial onwards, and the visceral mass which

they enclose. Two of them have been removed so as to expose the simple digestive

apparatus, with the oral plates around the mouth and a relatively long anal tube. The

position of the genital glands in the pinnules borne by the epizygals of the third syzygial

pair is also well shown.

I am strongly inclined to believe that the loss of the visceral mass and arm-bases may

occur and be made good during life. This appears to have taken place in the Havana

specimen represented in PI. X. fig. 7. Small oral plates are visible in the centre at a

point much below their usual level, which is seen in fig. 20 ; while the second brachials

are so much smaller than the first that the difference is evidently due to fracture and

reparation, just as so often occurs on the arms of Pentacrinus and Comatula. But in

this case all the arms broke away together, carrying the visceral mass with them, so that

a new one had to be developed within the ring of regenerated arms. Not much is to be

seen of it, however, except the oral plates, the replacement of ^vhich is a point of

considerable interest. It has long been suspected that eviscerated Comatulse have the

power of restoring their disks ; ^ but this is the first instance of the kind that I have met

with in a Stalked Crinoid.

Owino- to the fact that the ring of anchylosed basals in Rhizocrinus was at first

regarded as an enlarged top stem-joint, the affinity between this genus and Bo^irgueti-

crinus has l)een supposed to be nmch closer than can be admitted in the light of our

present knowledge. For in some respects Rhizocrinus stands farther from Bourgueti-

crinus than even Bathycrinus does. The fossil genus Mcsocrinus,^ although still but

imperfectly known, is probably nearer Bourgueticrinus than either of these two genera.

But it appears to differ from them in the smaller size of the upper stem-joints, a point in

which it resembles both Rhizocrinus and Bathycrinus. In the two best known species

1 See Marshall, Qtiarf. Joiirn, Micr. Sci., 1884, vol. xxiv., N. S., pp. 525, 526.

2 On Two New Ci-inoids from tlie Upper Chalk of Southern Sweden, Quart. Journ. Geol. Soc, vol. xxxvii. p. 130,

pi. vi. figs. 1-7.
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of Bourgueticrinus {elUpticus and cBqualis) the uppermost part of the stem is formed of

joints of an altogether different character from those which are to be found lower down.

The latter are wider than high, with articular faces of a pointed oval shape, the two

diameters of the oval being very unequal in length. Towards the upper part of the stem

this inequality disappears, and the joints become more discoidal, though never thin and

lamellar, as in the highest part of the stem of Rliizocrinus and Bathycrinus (PI. VII.

figs. 2, 11 ; PL Villa, fig. 1 ; PI. IX. figs. 1-3 ; PL X. fig. 2). Above these discoidal

joints, however, the stem gradually enlarges, and from two to fom- of the uppermost

joints on which the calyx rests are of great relative size, both height and diameter being

considerable. Sometimes the top joint is highest and sometimes the one below it ; but

at any rate one or more of these large upper joints remain united with the calyx to form

the so-called summit. The upper stem-joints of Apiocj-inus are not as a rule much

higher than those below them ; but the diameter often increases considerably from a

point in the stem a little way below the calyx, so that a tolerably large number of joints

enters into the composition of the summit. In species like Apiocrinus crassus,

Apiocrinus magnificus, and Apiocrinus onurchisonianus, however, there is scarcely any

enlargement of the stem below the calyx, the uppermost joints, except the highest one

on which the basals rest, being but little if at aU larger than those below them. The

same variations appear in Millericrinus. Millericrinusnodotiamis has high upper joints,

while those of Millericrinus simplex are thin and discoidal externally ; though the upper-

most joint has a large synosteal surface for the reception of the basals which rest upon it.

It seems to me very probable, therefore, that the existence of similar variations wiU

have to be admitted in Bourgueticrinus ; though on the other hand a re^dsion of the

genus may result in the transfer of aU the species without enlarged upper stem-joints to

Rhizocrinus or Mesocriniis, especially if the articular faces of their radials are well

developed and not reduced to a minimum as in Bourgueticrinus cequalis. But I am

quite prepared to have to abandon Me.socrimis as a distinct generic type, and to modify

the descriptions of Bourgueticrinus which are given by palaeontologists so as to include

in this genus the two species Mesocrinus Jisheri and Mesocrinus suedicus, on which the

genus Mesocrinus was based.

Even then, however, Apiocrinus and Bourgueticrinus would differ from Rhizocrinus

and Bathycrinus in the character of the upper stem-joint. In the two genera last

mentioned, as in Pentacrinus, this joint is the youngest and smallest of the whole stem,

being merely a delicate film of calcareous reticulation which is received into and concealed

by the curved under surface of the basals. In Apiocrinus, however, and in Bourgueti-

crinus this upper joint, though perhaps small externally, is large internally and suj)ports

the basals in five large fossae on its surface.

As it closes the calyx below and really belongs thereto, de Loriol ' has called it the

1 Swiss Crinoids, p. 6 ; Paleont. Fran?., loc. cit., p. 19.
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" article basal." It is entirely undeveloped in Rhizocrinus, though this type shows a

slight decrease in the width of the stem a little below the cup, before the commencement
of the gradual downward enlargement, just as is so much more marked in Bourgueticrinus.

There are certain other points in which the two recent species of Rhizocrinus, together

with some fossil ones, diSer very markedly from Bourgueticrinus ; and although these

differences hold good for som'^ of the fossil species of Rhizocrinus, it is difficult to say how
f;xr this may be the case with others, owing to their imperfect state of preservation.

In the first place, the basals are of great relative height, often five or six times that

of the radials, and they occupy much the larger part of the exterior of the calyx

;

while the lower stem-joints are usually longer than wide. If they bear radicular cirri

these come ofi' somewhat irregularly from near the ends of the joints, but their sockets

are not verticillate, nor are they ever formed by portions of two apposed joints, as is often

the case in Bourgueticrinus and Mesocrinus. Rhizocrinus lofotensis and Rhizocrinus

rawsoni show these characters very well (PI. IX. fig. 1 ; PI. X. fig. 15). The latter has

the longer basals, but its stem-joints, though longer than wide, are not so markedly so as

in Rhizocrinus lofotensis. The same is the case with the stem-joints of the so-called

Bourgueticrinus londinensis, which is really a well-defined Rhizocrinus ; while in those of

Conocrinus {Rhizocrinus) suessi and Conocrinus jpyriformis the width of the articular

faces is more nearly equal to the length of the joint. In aU these species the basals are

longer than the radials, though not greatly so ; but in Bourguetic7'inus {Rhizoc7'inus)

thorenti they are very long, as in the recent Rhizocrinus rawsoni, while the stem-joints

resemble those of Rhizocrinus lofotensis in their proportions.

Owing to the shape of the basals, the calyx of Rhizocrinus is usually cylindrical or

obconical, and though it expands gradually upwards it is nowhere very greatly wider than

the stem, as is the case in Bourgueticrinus. In Conocrinus suessi and in Conocrinus

pyriformis, and perhaps also in Conocrinus segicenzai, it takes on a more ovoid form ; while

in Rhizocrinus raivsoni and Rhizocrinus thorenti it may be very considerably elongated.

So far as I am aware, no true Rhizocrinus has been obtained from any formation

lower than the Eocene. Quenstedt ^ figures some moderately elongated stem-joints of

Apiocrinus constrictus from the White Chalk of Rligen. But in the absence of a calyx it

is almost impossible to determine these generically, owing to the rarity of the association

of calyces and stem-joints at the same spot. The same is the case with regard to the

Jurassic species of Bourgueticririus, e.g., Bourgueticrinus ooliticus from the Bradford

Clay, which is perhaps referable to Thiollierici'inus as suggested by de Loriol. The

distinguished Swiss palaeontologist has also described a fossil from the Cretaceous of

Alabama, U.S., as Bourgueticrinus alahamensis.^ It consists only of the basal cone

which " supports the calyx, and which is composed of several enlarging segments of the

1 Encriniden, Tab. 104, figs. 64-66.

2 Description of a New Species of Bourgueticrinus, Journ. Cincinn. Soc. Nat. Hist., vol. v. p. 118, pi. v. fig. 1.

(ZOOL. CHALL. EXP. PART XSXIl.—1884.) li 33
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column surmounted by the basal plates." His figure shows five of these uppermost stem-

joints, which are all low and discoidal ; and it consequently appears to me that the fossil

should be referred to Ehizocrinus rather than to Bourgueticrinus. If this be the case,

and its horizon really Cretaceous, this species is of interest as being the only known

instance of a Cretaceous Ehizocrinus.

On the other hand, Bourgueticrinus although abundant in Cretaceous deposits, is not

certainly known to occur in any Tertiary formation. Some of the types described under

this generic name from the Italian Tertiaries have been referred to Conocrinus by

Meneghini and others. Among these is the Ainocrinns cornutus of Schafhautl, which

was doubtfully referred to Bourgueticrinus by Meneghini ;^ though Zittel,^ while describ-

ing its calyx as " niedrig schiisselformig," spoke of it as Conocrinus cornutus. I have

been enabled by the kindness of Prof Zittel to examine the calyx of this species for

myself ; and I was interested in finding its shape to be very like that of a singular bowl-

shaped calyx from the London Clay which is preserved in the Natural History Museum.

This has relatively large radials and low basals. I do not see how it can possibly be

placed in the same genus as Conocrinus thorenti or RJiizocrinus rawsoni with their

elongated calyces mainly formed by the long basals ; and I think that it will be necessary

to establish a new genus for the reception of these two species, to which others will

probably be added when the calyces are found corresponding to some of the other Tertiary

stem-joints that are now referred to Bourgueticrinus in default of further evidence, e.g.,

Bourgtteticrinus didymus, Schaur.

RJiizocrinus was supposed by Pourtales to have a considerable resemblance to the

genus Belemnocrinus from the Burlington limestone of Iowa and Illinois. Wachsmuth

and Springer ^ have spoken of this resemblance as being very close and interesting, and

stated that "the most important difference, and indeed the only essential distinction

between these genera in their external structure, is found in the solid proboscis and

covered dome of Belemnocrinus." It appears to me, however, that the American

authors lay too much stress on the fact that the calyx is formed in both genera of five

long and narrow basals, and that they have overlooked other and more important

structural characters. In the first place the stems of the two types are totally

different. That of Belemnocrinus is pentagonal, consisting of short joints with crenu-

lated faces ; while the stem-joints of RJiizocrinus are elongated and more or less dice-

box shaped, with the well known, enlarged and elliptical ends. Stem-joints articulated

like those of Rhizocrinus do indeed occur in the Palaeozoic Platycrinus, and under these

circumstances we may fairly expect that any genetic relationship between Belemnocrinus

and RJiizocrinus would have manifested itself in this character. But the stem of

Belemnocrinus, at any rate of Belemnocrinus jiorifer, seems to have borne successive

1 Atii della Soc. Tosc. di Sci. Nat., vol. ii. p. 53. ^ Palfeontologie, Bd. i. p. 392.

2 Revision of the genus Belemnocrinus, and description of two new Species, Amer. Journ. Sci. and Arts, 1877,

vol. cxiii. p. 255.
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verticils of five cirri, just like that of a recent Pentacrinus ; and this is a much more

imjjortant morphological resemblance than the length of the basal plates.

Then again the radials of Rhizocriniis are all in close lateral contact, while Belemno-

crinns has an anal plate intervening between two of the radials and resting on a basal.

It supports a heavy proboscis on its upper face, while Rhizocrinus has a disk protected by

five insignificant oral plates. The arms of Belemnocrinus are ten in number, while

Rhizocrinus has only five. This, however, is unimportant ; but the arms of Belemno-

crinus bear two rows of pinnules alternately, while in some species these primary pinnules

bear alternating secondary ones, a condition totally unknown in any Neocrinoid.

Altogether, therefore, the structure of the arms of Belemnocrinus is very difi"erent from

that of Rhizocrinus, in which every joint has a syzygial surface at one of its ends ; though

it must be admitted that syzygies are plentiful in the arms of Belemnocrinus, as there

are some species, e.g., Belemnocrinus pourtalesi, in which " throughout the greater portion

of the arms every alternate joint is a syzygium." This character, however, and the

length of the basals are of minor importance compared to the intercalation of the anal

plate in the calyx and the nature of the articulation between the stem-joints, so that I

cannot in any way regard Belemnocrinus as an ancestral form of Rhizocrinus.

1. Rhizocrinus lofotensis, M. Sars, 1864 (PL Villa, figs. 6-8 ; PI. IX. figs. 1, 2
;

PI. X. figs. 1, 2).

1864. Rhizocrinus lofotensis, M. Sars, Forhandl. Vidensk. Selsk., p. 127.

1868. Rhizocrinus lofotensis, M. Sars, M^moires pour servir a la connaissance des Crinoides vivants,

p. 38.

1868. Boiirgueticrinus Hotessieri, Pourtalfes, Bull. Mus. Comp. ZooL, vol. i., No. 7, p. 128.

1872. Rhizocrinus lofotensis, Wyv. Thorns, (pars), Proc. Roy. Soc. Edin., vol. vii. p. 770; The Depths of

the Sea, 1873, pp. 447, 450.

1874. Rhizocrinus lofotensis, Pourtal&s, 111. Cat. Mus. Comp. Zool., vol. iv.. No. 8, p. 28.

1882. Rhizocrinus lofotensis, P. H. Carpenter, Bull Mus. Comp. Zobl., vol. x., No. 4, p. 173.

1884. Rhizocrinus lofotensis, P. H. Carpenter, Proc. Roy. Soc. Edin., vol xii. p. 3.56.

Dimensions.

Greatest length of stem (Pourtalfes), ...... 5 inches.

Greatest length of stem (Sars), sixty-seven joints (?) . . . .70 mm.

Greatest length of entire specimen (Sars), . . . . . 80 „

Greatest length of arm, about thirty-five joints (Sars), . . . . 11 „

Stem slender, bearing branching radicular cirri on its lower part, and ending below in

a more or less spreading root. The cirri come ofi" near the terminal faces of the lower

joints at the ends of their longer axes. The joints are markedly dicebox-shaped, and

nearly three times as long as wide.

The calyx is smooth and obconical, of somewhat variable proportions. Basals two or
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three times the height of the radials, and closely fused, so that their sutures are rarely

visible. Radials short and quadrate, with concave upper and convex lower edges ; usually

five in number, but sometimes four, six, or seven. Arms of from thii'ty to forty joints,

which are united in pairs by syzygies. First brachials flattened, and quite free laterally,

square or slightly longer than broad. The second similar, but somewhat shorter. The

third still shorter and trapezoidal, so that the arm narrows considerably at this point.

The remaining joints as long or a little longer than wide, and more convex than the

preceding ones. The epizygals which bear the pinnules are rather longer than the

hyjDozygals and irregularly pentagonal, as the pinnule facets are large relatively to the

length of the joints. The first pinnule is on the eighth brachial or fourth epizygal. The

two lowest pinnule-joints are somewhat trapezoidal in shape, and in contact bytheir broader

ends. The remaining joints have a medio-dorsal keel and flattened sides, with the edge

of the ventral furrow produced upwards into broad thin plates, especially in the third

and following joints. The peristome is at the level of the second brachial, and protected

by five liuguiform oral plates which occupy the central ends of the interpalmar areas.

Colour, in spirit, brownish-white or greyish-white.

Localities.—The Lofoten Islands, 80 to 300 fathoms ; the Josephine Bank.

H.M.S " Lightning," 1868. Station 12. Lat. 59° 36' K, long. 7° 20' W.; 530 fathoms;

Globigerina ooze; bottom temperature, 47°'3 F. Three small specimens without arms.

Station 16. Lat. 61° 2' N., long. 12° 4' W.; 650 fathoms; Globigerina ooze. Two
small specimens without arms.

Stem-fragments were occasionally found in the " cold area " during the cruises of the
" Lightning" and " Porcupine."

H.M.S. Challenger. Station 24a. March 25, 1873, off Culebra Island; lat. 18° 43' N.,

long. 65° 5' W. ; 625 fathoms ; Pteropod ooze. Two specimens.

Station 122c. September 10, 1873, off Barra Grande ; lat. 9° 10' S., long. 34° 49' W.

;

400 fathoms ; red mud. Two specimens.

Station 323. February 28, 1876 ; lat. 35° 39' S., long. 50° 47' W. ; 1900 fathoms;

blue mud; bottom temperature 33° -1 F. The occurrence of a stem-fragment here is

recorded in the Station-book, but it has not come into my hands, and I am therefore

unable to speak positively about it.

H.M.S. "Knight Errant," 1880. Station 5. Lat. 59° 26' N., long. 7° 19' W.; 515
fathoms ; mud ; bottom temperature, 45°-4 F. Two young specimens without arms.

Station 6. Lat. 59° 37' N., long. 7° 19' W. ; 530 fathoms; grey mud; bottom
temperature, 46°"5 F. A fragment only.

Rhizocrinus lofotensis has also been di"edged several times by the surveying ships of

the U. S. Coast Survey, as recorded in the following list.

SS. "Bibb," May 4, 1868, oflf the Samboes; 237 fathoms. May 11, 1868, off Sand Key; 248 and 306
fathoms. March 4. 1869, off Cojima, near Havana; 450 fathoms; and several times at lesser depths.
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SS. "Blake," 1877-78. No. 29, lat. 24° 36' N., long. 84° 5'
"W. ; 955 fathoms; bottom temperature, 39^°.

No. 35, lat. 23° 5' 46" N., long. 88° 58' W. ; 804 fathoms; bottom temperature, 40|°. No. 43,

lat. 24° 8' N., long. 82° 51' W. ; 339 fathoms ; bottom temperatiu'e, 40°. No. 44, lat. 25° 33' N.,

long. 84° 35' W. ; 539 fathoms ; bottom temperature, 39i°. No. 56, off Havana, lat. 22° 9' N., long.

82° 21' 30" W.; 175 fathoms.

1878-79. No. 238, ofif Grenadines, 127 fathoms; fine coral sand; bottom temperature, 56°. No. 248, off

Grenada; 161 fathoms; fine grey ooze; temperature, 53^°. No. 259, off Grenada; 159 fathoms; bottoln

temperature, 53^°. No. 274, off Barbados ; 209 fathoms ; fine sand and ooze ; bottom temperature, 53|°.

1880. No. 306, lat. 41° 32' 50" N., long. 65° 55' W. ; 524 fathoms.

U. S. Fish Commission, 1882. No. 1124, S.S.E. off Nantucket; 640 fathoms.

Remarks.—Au elaborate account of this well-known species lias already been given

by Sars, and I have little to say about it except on one or two points. (1) The sub-

radial portion of the summit is not formed by the top stem-joint as supposed by him, but

it consists of anchylosed basals, as was originally described by Pourtales.^ (2) I have also

followed Pourtales in considering the two joints immediately above the radials as the

two lowest brachials, and not as the second and third (axillary) radials, as they have been

called by Sars, Ludwig, and Wyville Thomson. No matter what the number of arms of

a Crinoid, the so-called second and third radials are morphologically brachials, as I

have already pointed out {ante, pp. 47, 48) ; and though it is convenient for descriptive

purposes to speak of the successive divisions of the rays as radials, distichals, and

palmars, I see no advantage whatever in calling the two lowest arm-joints of a five-armed

Crinoid the second and axillary radials. That they are homologous with the second and

third radials of Comatula and Pentacrinus is undisputed, but these are fundamentally

brachials ; and as it is the distinctive character of an axillary joint that it should bear

two arms (or arm-divisions) on its distal face, the use of the term " axillary " in the case

of a five-armed Crinoid is misleading and unnecessary.

There is another point in Sars's description that I would just notice. On p. 23 he

says distinctly that the covering plates of the ambulacra occur " sur le disque, aussi bien

que dans toute la longueur des bras et des pinnules." But there is no sign of them in

either of his figures of the disk (Tab. iv. figs. 85, 86, 89). In fact, in fig. 85 no covering

plates are represented at all, though the food-groove is shown as far as the distal part of

the second brachial ; while in the other two figures the first covering plate is shown

resting on the distal part of the second, or the lower part of the third brachial.

The form of the calyx in this species varies very considerably ; for it is nearly

hemispherical in some specimens and much elongated in others. These last have the

best developed arms; and to some extent, therefore, the forms with a low and wide cup

must be regarded as premature. But difi'erences of development will not entirely account

for the variation, as the calyx of a young specimen found by Sars^ is distinctly higher

(longer) than broad.

1 Crinoides vivants, Tab. iv. fi". 95.
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•2. Rhizocrinus rawsoni, Pourtalfes, 1874 (PI. IX. figs. 3-5; PL X. figs. 3-20;

PL LIIL figs. 7, 8 ; woodcut, fig. 19).

1872. Rhizocrinm lofotensis, Wyv. Thorns, (pars), Proc. Eoy. Soc. Edin., voL vii. p. 770 ; The Depths of

the Sea, 1873, p. 450.

1874. Rhizocrinus Rawsonii, Pourtalfes, 111 Cat. Mus. Comp. Zobl., vol. iv., No. 8, p. 27.

1882. Rhizoorinus raxosoni, P. H. Carpenter, Bull. !Mus. Comp. Zool., vol. x.. No. 4, p. 173.

1883. Democrinus Parfaiti, Perrier, Comptes rendus, t. xcvi., No. 7, p. 450.

1883. Rhizocrinus rawsoni, P. H. Carpenter, Ann. and Mag. Nat. Hist., ser. 5, vol. xi. p. 335.

1884. Rhizocrinus rawsoni, P. H. Carpenter, Proc. Eoy. Soc. Edin., vol xii. p. 357.

Dimensions.

190-0 mm.
ISO'O „

6-0 „

2-5 „

75-0 „

Greatest length of entire specimen (Captain Cole),

Greatest length of stem, sixty-eight joints (" Blake " specimen),

Greatest length of calyx (" Blake "), ....
Greatest diameter of same calyx, ....
Greatest length of arm, sixty double joints (Captain Cole),

Stem robust, bearing few radicular cirri on its lower part, but ending below in a long

spreading root which attaches itself at intervals. The joints are fi'om once and a half

to twice (rare) as long as broad, and tolerably cylindrical or barrel-shaped in outline.

The planes of the articular ridges at their ends cross one another, but the ends are not

much expanded, so that the dice-box shape is but little marked. The calyx is very

variable in form, sometimes long and slender, sometimes short and broad. The expansion

from below upwards is rarely quite uniform, and there is often a more or less defined

constriction about the level of the basiradial suture. The basals are separated by

distinct sutures, and are generally four or more times the height of the radials, which are

five in number, and more or less distinctly pentagonal.

The arms may have one hundred and twenty joints united in pairs by syzygy. The

first brachials are flattened, quite free laterally, and wider than long. The second are

more nearly square, and the next four shorter but of about the same width, the last one

(or the epizygal of the third syzygial pair) often bearing the first pinnule. The following

hypozygal joints are obliquely oblong ; while the epizygals are more irregular in shape,

and sometimes almost triangular, so as to look like axillaries. The first pinnule is

generally on the sixth or eighth brachial, but sometimes not tiU the fourteenth. The

two lowest joints of the basal pinnules are broader than theii' successors, which are

elongated and of gradually diminishing width.

The peristome is about at the level of the sixth brachial, and is protected by small

oral plates.

Colour, in spirit, bro^Tiish-white or greyish-white.

Localities.—B.M.8. " Porcupine," 1869. Station 42. Ofi" Cape Clear, lat. 49° 12' N.,

1 Some other measurements of particular details wiU be found on p. 265, where also reference is made to the

unusually elongated calyx of the individuals dredged by the " Travailleur."
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bug. 12° 52' AV. ; 862 fathoms; bottom temperature, 39°7 F. ; ooze with sand and

shells. Two armless specimens.

Station 43. Lat. 50° 1' N., long. 12° 26' W. ; 1207 fathoms ; bottom temperature,

37°"7 F. ; Globigerina ooze. Two young specimens, one without arms.

H.M.S. Challenger. Station 76. July 3, 1873; south of Terceira (Azores),

lat. 38° 11' N., long. 27° 9' W. ; 900 fathoms ; Pteropod ooze; bottom temperature,

40° F. Three specimens without arms.

Rhizocrinus rawsoni has also been dredged by the surveying ships of the U. S. Coast

Survey, as recorded in the following list.

SS. " Hassler," December 29-30, 1871. Off Sandy Bay, Barbados ; 100 fathoms.

SS. "Blake," 1877-78. No. 32, off Havana; lat. 23° 32' N., long. 88° 5' W. ; 95 to 175 fathoms.

1878-79. No. 155, off Montserrat; 88 fathoms; bottom temperature, 69° F. No. 166, oft' Guadeloupe; 15C

fathoms; bottom temperature, 59f°. No. 177, off Dominica; 118 fathoms; bottom temperature, 65°

fine sand and broken sheUs. No. 211, off Martinique; 357 fathoms; fine yellow sand and broken

shells. No. 273, off Barbados ; 103 fathoms; bottom temperature, 59^°; coral and broken shells, yellow.

No. 277, off Barbados; 106 fathoms; bottom temperature, 58° ; hard rocky bottom. No. 290, off

Barbados ; 73 fathoms ; bottom temperature, 70f ° ; coarse coral sand and broken shells. No. 296, off

Barbados; 81 fathoms ; bottom temperature, 61 i" ; hard bottom. No. 297, off Barbados ; 123 fathoms;

bottom temperature, 56|^° ; calcareous stones.

Telegraph steamer " Investigator," Captain E. Cole. Saba Bank ; 200 fathoms. Fifteen miles N. by E. from

f\J - Panama; 300 fathoms.

The French steamer " TravaUleur," 1882,^ " 1900m. de profondeur sur les cotes du Maroc, par le travers du cap

Blanc."

Also the "Talisman," 1883,^ " Par le travers du cap Ghu- et du cap Noun, i 120 miUes environ de la cote,"

2000 to 2300 metres.

Remarks.—The first examples of this type which were actually obtained were those

dredo-ed by the " Porcupine " in 1869, at depths of 862 and 1207 fathoms off Cape Clear

(Stations 42 and 43). They were, however, considered by Sir WyviUe Thomson merely

as unusually large specimens of Rhizocrinus lofotensis ; and the correctness of this

identification would perhaps not have been doubted, but for the discovery in 1871 by the

U. S. Coast Survey steamer "Hassler" of some fine individuals, which Mr. Pourtales

recognised as specifically distinct from Rhizocrinus lofotensis. Two specimens which

were obtained by the Challenger in 900 fathoms among the Azores (Station 76) were at

first referred to Rhizocrinus lofotensis ; but having compared them with the Rhizocrinus

rawsoni of the Caribbean Sea, I find that they likewise belong to that species. It is

generally larger and more robust than Rhizocrinus lofotensis, and the calyx, instead of

being regularly obconical, is extremely variable in form, as will be seen subsequently.

All the specimens that I have seen have been regularly pentamerous, while in

Rhizocrinus lofotensis the number of radials is not unfrequently four or six (PI. Villa,

fig. 7), and may reach seven. Those of Rhizocrinus rawsoni are generally shorter

1 Comptes rendus, t. xcvi. p. 459. ' Ibid., t. xcvii. p. 1392.
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relatively to their width, than in Rkizocrinus Iqfotensis, while the thii-d brachial is oblong

and not trapezoidal, so that there is no sudden narrowing of the arm at the syzygy

between the third and fourth brachials. The shape of the arm-joints too, especially of

those which bear pinnules, is not the same in the two species ; while the pinnules them-

selves, and more particularly those on the proximal parts of the arms, differ very

considerably in appearance, those of Rhizocrinus raivsoni having broad lower joints.

The visceral mass of Rhizocrinus lofotensis is relatively lower than that of Rhizocrimis

rawsoni, in which it is supported by the first six brachials (PL X. fig. 20) ; while in

Rhizocrinus lofotensis the ambulacra leave the peristome at the level of the second

brachials, on to which they pass.

The stem-joints of Rhizocrinus rawsoni are relatively shorter and thicker than those

of Rhizocrinus lofotensis, in which the length is three times the width, and the radicular

cirri at the base of the stem are much more numerous in this species than in Rhizocrinus

raivsoni. In fact there are no radicular cirri whatever in one of the Challenger

specimens of Rhizocrinus rawsoni, and only two, borne upon the first joint above the

root, in one of those dredged by the " Porcupine." In correspondence with this, the root

of Rhizocrinus rawsoni is more like that of Bathycrinus, the lowest stem-joint giving

rise to three or more stout branches, which themselves eventually subdivide and bear

radicular cirri {PL X. fig. 15). This condition appears to be comparatively rare in Rhizo-

crinus lofotensis, in which the lowest stem-joint is often provided with from five to nine

slender cirri, but does not give attachment to a spreading root.

The longest cup yet known in Rhizocrinus rawsoni was found in some individuals

which were dredged by the "TravaiUeur" in 1882, at a depth of 1900 metres (1000

fathoms), ofi" Cape Blanc, on the coast of Morocco, and were referred by Prof. Perrier

to a new genus Democrinus} The cup is singularly elongated in form, as wiU be seen

by comparing the measurements kindly furnished me by Prof. Perrier, with those

given below for the Challenger, " Blake," and " Porcupine " specimens.

Democrinus Parfaiti, Perrier= Rhizocrinus rawsoni, Pourtales.

Dimensions.

Length of the calyx from the terminal furrow to the first stem-joint, .

Maximum diameter of the calyx, .....
Height of the radials, ......
Diameter of the stem-joints, ... ...
Length of the stem-joints, ......

The basals of this type thus form a cup 9 mm. high from its lower extremity to the

constriction at the level of the basiradial suture ; while its maximum diameter is not

more than 2 mm., twice that of the stem-joints.

' Comptes rendus, t. xcvi., 1883, p. 450.

9-0
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The following table shows the great amount of variation in the proportions of the

basal tube in other individuals of Rhizocrinus rawsoni, together with its diameter as

compared with that of the stem-joints.

Species.
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angle of the basiradial suture, where a radial rests on two basals ; and then the surface

of the radials slopes outwards rather more rapidly than that of the basal tube below it,

so as to considerably increase the diameter of the cup. All the sutures, interradial,

basiradial, and interbasal, are perfectly distinct ; and there is a very faint circular

constriction of the basal tube rather below its middle, analogous to that described by

Sars in certain individuals of Rhizocrinus lofotensis} This smaller individual has the

lowest portions of the arms preserved, the longest of which has small pinnule-stumps on

the fourteenth and sixteenth brachials, i.e., on the epizygals of the seventh and eighth

syzygial pairs. In the larger individual, however, all the arms are broken away at the

syzygy on the distal faces of the first brachials, which are a little higher and more

trapezoidal in form than those of the smaller example (PI. LIII. fig. 8). The calyx is

also slightly different in outline. The expansion of the basal tube from below upwards is

a trifle more rapid than in the smaller form, so that its outline is less cylindrical ; while

the radials are bent outwards a little at about one fourth of their height from their lower

angles. This causes the calyx to ajapear slightly constricted at the highest level of the

basiradial suture, a feature which is very marked in some varieties of the adult form.

As compared with equal sized specimens of Rhizocrinus lofotensis, these young indi-

viduals are distinguished by the relatively great height of the calyx, especially in the

basal tube, and the expansion at the basiradial suture. The cup of Rhizocrinus lofotensis

is not usually so high in proportion to its width ; and it expands uniformly upwards,

from the stem to the upper margin of the radials, so that its shape is pretty regularly

obconical (PI. IX. figs. 1,2; PI. X. fig. 2).

In RJdzocrinus rawsoni, however, the shape of the calyx varies in a most remarkable

degree. It is elongated (exceeding 9 mm.) and relatively very narrow in Prof. Perrier's

specimens ; while in those lately dredged by Captain Cole off Panama,^ the diameter

varies between 80 and 90 per cent, of the length, which is not more than 4 mm. (wood-

cut, fig. 19). But as a general rule, the form of the calyx may be described as elongated

and subcylindrical. In a few individuals (woodcut, fig. 19, B) it expands uniformly from

below upwards throughout its whole length, as is generally the case in Rhizocrinus lofotensis

(PL X. fig. 2). Sometimes the width increases very slowly and sometimes more rapidly,

but there is no indication of constriction at any point in the basals or radials. In other

specimens the basals expand slowly but uniformly, and the radials slope outwards more

strongly, as in PI. LIII. fig. 7. Sometimes again, the basals widen a little, but then

narrow slightly till they join the radials, which slope outwards so as to again increase

the diameter of the cup.

1 Crinoides vivants, p. 5, Tab i. figs. 35, 39.

2 I am indebted to Prof. F. J. Bell, F.Z.S., for calling my attention to those four remarkable specimens which
are divided between the Zoological and Geological Departments at the Museum of Natural History. The keepers of

these departments, Dr. A. Gtinther, F.R.S., and Dr. H. Woodward, F.R.S., kindly permitted me to examine them, and
the former gentleman was good enough to allow the accompanying figures to be made of the two abnormal individuals

under his charge.
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Fio. 19.—The calyx and arm-bases of two specimens of
Jihizocrinus rawsoni from Panama ; x 4. In botli cases
the cnp is unusually wide in proportion to its height

;

and in tlie right hand specimen (B) the grouping of
the lower brachials is very irregular.

In a considerable number of individuals from different localities on both sides of the

Atlantic, I have found the radials to be marked by a circular furrow of variable depth.

It crosses the body of the radial at the level of

the upper angles of the basals between which

the radial rests, as is well shown in the young

specimen represented on PI. LIII. fig. 8.

In the more mature individual from the

Caribbean Sea, shown in PI. IX. fig. 3, the

furrow crosses the radials at about half their

height; while in one of the specimens from the

neighbourhood of the Azores (Station 76) the

basals are much less angular at the top, so that

the radials are more nearly oblong and almost

entirely above a rather strong constriction at

the level of the basiradial suture (PI. X. fig. 3).

Other individuals, however, are entirely desti-

tute of any indication of such a constriction.

This is the case, for example, with those

dredged by Captain Cole oS" Panama, which

are further remarkable, not only for the great

relative width of the basal cup as shown in the woodcut (fig. 19), but also for the extreme

variation in the position of the first pinnule.

In one individual this is on the epizygal of the seventh brachial in two arms, on that

of the fifth in two others, and on that of the fourth in the remaining one. In four arms

of another specimen the epizygals bearing the first pinnule are respectively those of the

third, fourth, fourth, and fifth brachials ; while in a third individual three arms are normal,

with a pinnule on the third epizygal, the two others not bearing a pinnule till the next

(fourth) joint. Lastly, in a fourth individual every one of the arms is developed

abnormally. Three of them are shown in woodcut, fig. 19, B. I wiU not attempt to

ofi'er an opinion upon the grouping of the syzygies and muscular articulations in this

specimen. But in one arm at least there appear to be two syzygies in succession ; so

that the composite brachial is in three parts instead of in two only. This is a variation

of some interest, as it is normal in the arms of Hyocrinus (PL VI. fig. 1). Both types

of brachial, that with one and that with two syzygies, occur in difi'erent species of the

Palseozoic Heterocrinus, as pointed out already {cmte, p. 53).

Although the occurrence of Rhizocrinus rawsoni in the East Atlantic and its more

striking peculiarities, especially the length of the basals, were noticed in the first Report

upon the Caribbean Crinoids ' which Prof. Perrier quotes, he was led to describe the

1 Bull. Mus. Comp. Zo'ol., vol. x., No. 4, p. 174.
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"Travaillear " examples of this species as a new generic type Democrinus^ which is

really, however, only a synonym of Rhizocrinus. His account of Democrinus was as

follows :

—" Le Democrinus se distingue immediatement de tous les autres genres par la

composition de son calice forme de cinq longues basales constituant k elles seules un

calice en entonnoir ; un sillon circulaire separe ces cinq basales de cinq radiales rudi-

mentaires, en forme de croissant, alternant avec elles et surmontees elles-memes de cinq

radiales axillaires libres, rectangulaires, mobiles, sur lesquels se fixent respectivement

cinq bras, beaucoup moins larges que les radiales. Ces bras se brisent tres facilement au

niveau de leur articulation avec les radiales axillaires qui se rabattent alors sur la voiite

du calice." He further adds that in Rhizocrinus " les basales sont confondues et le calice

forme en partie de radiales." The basals of Rhizocrinus, however, are very far from being

"confondues," but are large and independent, as was pointed out by Pourtales in 1868

and 1874, and by myself in 1877 and 1882. But Perrier, unaware of this fact, was

unfortunately misled by the erroneous descriptions of the basals as internal and concealed

which were given by Sars and Ludwig [ante, pp. 249-251) ; so that when he found

a Rhizocrinus-Yike. form with long and well defined basals, he naturally (though

erroneously) considered it as new to science.

Although, however, the radials of Democrinus may be small and rudimentary

externally, there is no reason why the calyx should consequently be considered as formed

by the basals alone ; though Perrier regards this as another character distinguishing

Democrinus from Rhizocrinus. In one of the specimens of Rhizociinus lofotensis which

was figured by Sars ^ the radials are quite small externally ; but they have large distal

faces for the attachment of muscles and ligaments, the inner surfaces of which form the

funnel lodging the lower part of the coelom. The same is undoubtedly the case with

the radials of Democrinus, to which the movable first brachials (axillaries, Perrier) are

attached just as in Rhizocrinus.

It is difficult to understand why the radials of this type should be considered as

forming part of the calyx, while those of Democrinus are excluded from it on account of

their smaller size. On the same principle one would have to describe the cup of those

species of Antedon in which the first radials do not appear externally, as formed hj the

centro-dorsal only

!

Prof. Perrier describes the rudimentary radials of Democrinus as separated by a

circular furrow from the basals below them. But a drawing of the tjrpe which he has

kindly sent me, shows that while the basiradial suture is marked by five strong

elevations with intervening depressions in which the radials rest, the furrow crosses the

radials at the level of the highest angles of the basals. This furrow is more or less

distinct in various specimens of Rhizocrinus rawsoni (PI. IX. fig. 3 ; PI. LIII. fig. 8), as

has been pointed out already. But it can hardly be said to " separate " the radials from

^ Comptes rendiis, t. xcvi. p. 450. 2 Crinoides vivants, Tal). ii. fig. 44.
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the basals, as it crosses the former at a variable distance frora their lower angles. In a

few cases, however, the basiradial suture is more uniformly horizontal, and not marked

by alternate elevations and depressions (PI. X. fig. 3) ; so that the furrow really does

indicate the line of separation between the basals and radials. But this is far from being

the case in Prof. Perrier's drawing of the Democrinus calyx.

The frao-mentary condition or absence of the arms in his specimens is nothing unusual.

Only one-third of all the individuals of Rhizocrinus rawsoni which I have examined have

any arms at all, including the young form represented in PI. LIII. fig. 7. There may,

however, be as many as one hundred and twenty joints, or rather sixty syzygial pairs,

with pinnules on all but the first three or four. But they are very apt to break away at

the syzygy in the first brachial, which Perrier speaks of as an articulation between a

radial axillary and the lowest arm-joint. This had happened in two of his three speci-

mens oi Democrinus, which are " totalement depourvus de bras; le troisieme n'en presente

que des restes trfes courts, d'aprfes lesquels il est aise de voir que les bras devaient etre

extremcment peu developpes." The drawing of this individual which he has sent me

shows that its longest arm-fragment consists of only five joints, i.e., two composite

brachials and the hypozygal of a third. This fully accounts for the absence of pmnules,

which never appear below the third epizygal in any Rhizocrinus ; and I have little doubt

that further research will prove the existence of properly developed, pinnule-bearing arms

in the so-called Democrinus. But I do not suppose that they are quite as fully developed

as those of the Caribbean variety of Rhizocrinus rcmsoni. This has a stem more than

twice the width of that of Democrinus; and it is generally more robust, though the

calyx is distinctly shorter and broader than in Perrier's type.

The " Travailleur" specimens are of interest, both on account of their aberrant form,

and because they give another locality for Rhizocrinus rawsoni in the East Atlantic in

addition to the two discovered by the "Porcupine" in 1869; while the "Talisman"

met with another locality of the type during the dredgings of 1883.'

It is remarkable for its close resemblance to the Rhizocrinus londinensis from the

London Clay, isolated stem-joints of which were referred by Forbes^ to Bourgueticrinus.

But a well preserved and very characteristic calyx has since been discovered, and is now

to be seen in the Natural History Museum at South Kensington.

1 Democrinus dies hard. Perrier's mistake about the condition of the basals in RhiMcrinus was pointed out in the

Ann. and M,uj. Nat. Hist, ser. 5, vol. xi., 1883, p. 334. Under these circumstances the character on which he relied as

distinguishing Democrinus from Rhizocrinus became non-existent ; and I therefore expressed my conviction that

Democrinus Parfaiti and Rhizocrinus rawsoni were identical. Perrier, however, appears to be of a different opinion,

for in the Preliminary Report of Mens. A. Milne-Edwards, the President of the "Talisman" Commission of 1883,

Democrinus is specially mentioned as one of the captures (Gomptes rendus, t. xcvii. p. 1392) ;
while in the semi-official

account of the collection published in La Nature (No. 572, p. 391) by Mons. H. Filhol, also a member of the

Commission, particular reference is made to Democrinus Parfaiti. As the addition of a new generic type to the family

Bourgueticrinidc-e is of considerable importance in many ways, Prof. Perrier's revised account of its characters will be

awaited with interest, both by zoologists and by palreontologista.

2 British Tertiarj' Echinoderms, p. 36.
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Family Pentacrinidje, d'Orbigny, 1852.

Calyx small relatively to the stem and arms, composed of five basals and five radials,

with under-basals in one genus. The rays divide from one to eight or ten times. The

stem bears verticils of cirri at intervals. Two joints are united by syzygy at each node,

to the upper one of which the cirri are articulated. The internodes are traversed by five

ligamentous bundles which are interradially disposed and give rise to a more or less

petaloid figure on the joint-faces. No root nor radicular cirri.

Remarks.—Although definitions of this family have already been given by d'Orbigny,

de Loriol, and Zittel, they have been based almost entirely upon palajontological knowledge,

and have not therefore given sufficient prominence to the syzygies between certain of the

stem-joints, and to the ligamentous structures which produce the well known petaloid

markings on their faces. The regular verticillate arrangement of the cirri along the whole

length of the stem is especially characteristic of the Pentacrinidae among the Neocrinoids,

though there are a few Palseocrinoids, e.g., Belemnocrinus fiorifer, in which this peculiarity

presents itself. But it does not necessarily follow that the nodal joints in the stems of

these older forms are the epizygals of syzygies, as is the case in the Pentacrinidse.

The same may be said of the so-called Encrhius heyrichi, in which Picard has described

a verticillate arrangement of the cirri on the stem, without mentioning the presence of

any syzygies at the nodes. ^

In Apiocrinus and Bourgueticrinus the upper part or even the whole of the stem is

entirely free from cirri ; and even when they do occur in verticils, it is only by two at a

time instead of by fives, as in all the recent Pentacrinidse except the one species Penta-

crinus alternicirrus (PI. XXV. ; PI. XXVII. figs. 1-3). Further, there is nothing Hke a

syzygy between the two joints forming a node in a Bourgueticrinus-stem, which are

articulated to one another in the usual way.

It is in fact the characters of the stem, much more than those of the calyx, which

constitute the special distinctive mark of the Peutacrinidse. For although Extracrinus

is known by its under-basals, the composition of the calyx is identical in Millericrinus

and Pentacrinus, and also in Metacrinus, if we follow strict morphology and consider

the second radials as reaUy arm-joints.

The calyx of Balanocrinus is unfortunately not yet known. The genus was founded

by Agassiz for a fragment in the Basle Museum, which he supposed to be a peculiar form

of calyx. But de LorioP has shown that " ce pretendu calice n'est qu'un fragment de

tige attaqu^ et deforme par un parasite." Agassiz had, however, referred the stems

associated with it to Pentacrinus suhteres; and de Loriol, finding that the stem-joints of

• Ueber eine neue Crinoiden-Art aus dem Musohelkalk der Hainleite bei Sondershausen, Zeitschr. d. deutsch. geol.

Geselhch., Jahrg. 1883, p. 201.

2 Swiss Crinoids, jx 103.
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this type really are different from those of other Pentacrinidse, has re-established the genus

Balanocrinus upon them. The five sectors of each more or less circular face have no

ridges or denticulations along their sides, those being limited to the outer margin of the

joint-face. They are usually therefore of greater size than the corresponding parts on

the stem-joints of Extracrinus and Pentacrinus, which are sometimes much constricted

by the development of ridges at their sides. The stem-joints of Balanocrinus, therefore,

are somewhat like those of Millericrinus ; though in the latter type the whole joint-

face is uniform in character, and not marked out into sectors as is the case in the Penta-

crinidse. Many Palaeocrinoids have joints somewhat like those of Balanocrinus, i.e.,

crenulated round the edge, but nothing more. The genus commenced with Pentacrinus

in the Trias, and survived to the Lower Neocomian, no remains of it having yet been found

at any higher horizon ; while I have not met with this simple form of stem-joint in any

recent species.

Owing to the deficiency of our knowledge respecting the nature of the calyx of

Balanocrinus, I have found it necessary to use the characters of the stem as the basis of

the classification of the family. Balanocrinus may have under-basals like Extracrinus,

or more than three radials like Metacrinus ; but until we know more about its calyx a

classification of the Pentacrinidse must depend primarily upon the varying features of the

stem.

I. Five to eight large teeth at the sides of each petaloid sector, most of which start from the outer edge

of the joint-face, while the remainder meet their fellows in the interpalmar spaces.

1. Three radials,......... Pentacrinus.

2. More than three radials, ....... Metacrinus.

II. Sectors linear with delicately crenulated edges, Under-basals. The first radials much prolonged

downwards. Secondary arm-trunks each bear a succession of armlets on the same side, Extracrinus.

III. Joint-faces crenulated round the edge only, not along the sides of the sectors, . Balanocrinus.

Three other supposed genera have also been referred to this family. One is Isocrinus,

von Meyer,^ of which the stem is scarcely known ; while it is probable that von Meyer's

description of the primary rays as consisting of but two joints, basals being likewise

wanting, is also somewhat incorrect. The mode of division of the rays, on which von

Meyer laid considerable stress, is perfectly normal. I prefer therefore to refer the type,

temporarily at any rate, to the genus Pentacrinus, as has been done by Bronn and

others, though I will not attempt to follow them into specific details.

Another unrecognised genus of the Pentacrinidse is the Chladocrinus of L. Agassiz.*

After defining the stem of Pentacrinus as " portant de distance en distance des rayons

simples verticilles," he continued, " on pourra designer sous le nom de Chladocrinus les

especes dont les rayons accessoires forment des verticilles plus ou moins distans."

' Isocrinus und Chelocrinus, Museum Senckenbergianum, Frankfurt, 1837, p. 251.

* Prodrome d'une Monographie des Radiaires ou Echinodermes, M^m. de la Soc. des Sci. Nat. de Neuchatel, t. i.,

1835, p. 194.
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No further definition of Chladocrimis was ever given by Prof. L. Agassiz ; and it is

not surprising therefore that the genus has never been accepted by naturalists. The

remaining type which is supposed to be generically distinct from Pentacrinus, is the

Cainocrinus of Forbes.^ It has recently been revived by de Loriol ;
^ but since it was

based on a misconception, and its only distinctive character depends upon a feature

which is very variable among the recent species, viz., the presence or absence of a closed

ring of basals, I see no good in retaining it (see pp. 281-283). Practically, therefore,

owinof to the well marked characters of Extracrinus and our want of knowledge of

Balanocrinus, a definition of Pentacrinus for the study of recent forms need only

emphasise those points in which it differs from Metacrinus. I have, however, referred

to one or two characters in which the genus differs from Extracrinus.

Genus Pentacrinus, Miller, 1821.^

1761. Palmier marin, Guettard, Memoires de Mathematique et de Physique tir6s des Eegistres de I'Academie

Eoyale des Sciences, de I'annee MDCCLV., Paris, 1761, jx 225.

1762. Encrinus, Ellis, Phil. Trans., vol. Hi. pt. i. for the year 1761, London, 1762, p. 358.

1766. Ms, Linnaeus, Systema Naturse, ed. xii., Holmiai, 1766, t. i. p. 1288.

1816. Encrinus, Lamarck, Histoire Naturelle des Animaux sans Vertebres, t. ii., Paris, 1816, p. 432. ^

1820. Pentacrinites, von Schlotheim, Die Petrefactenkunde, Gotha, 1820, p. 327.

1821. Peiitacriniis, Miller, A Natural History of the Crinoidea, Bristol, 1821, p. 45.

1832. Pentacrinites, Goldfuss, Petrefacta Germauiae, Dusseldorf, 1832, t. i. p. 168.

1832. Solanocrinites, Goldfuss, Ibid., p. 168.

1834. Pentacrinus, de Blainville, Manuel d'Actinologie, Paris, 1834, p. 257.

1834. Encrinus, de Blainville, Ibid., p. 254.

1835. Pentacrinus, Agassiz, M6m. de la Soc. d. Sci. Nat. de Neuchatel, t. i. p. 194.

1835. Chladocrinus, Agassiz, Ibid., p. 195.

1836. Pentacrinus, Buckland, Geology and Mineralogy, London, 1836, vol. i. p. 432.

1837. Isocrinus, von Meyer, Museum Senckenbergianum, Frankfurt, ii. p. 251.

1843. Pentacrinus, MiiUer, Abhandl. d. k. Akad. d. Wiss. Berlin, Jahrg. 1841, p. 177.

1845. Pentacrinus, Austin, A Monograph on Eecent and Fossil Crinoidea, Bristol, 1843-45, p. 110.

1845. Pentacrinus, Desor, Bull Soc. d. Sci. Nat. de Neuchatel, vol i. pp. 213, 214.

1845. Isocrinus, Desor (iion von Meyer), Ibid., p. 213.

1845. Balanocrinus, Agassiz {non de Loriol), in Desor, Ibid., p. 214.

1847. Pentacrinus, d'Orbigny, Cours element, de Paleontol. et de Geol. stratigr., t. ii. Fasc. 1, Paris, 1852,

p. 149.

1852. Isocrinus, d'Orbigny, Iliid., p. 149.

^ British Tertiary Echinoderms, p. 33. ' Swiss Criuoids, pp. Ill, 112.

^ The above list contains, I believe, all the most important references to the recent Pcntacrimts since the time of

Guettard, together with notices of the chief palKontological works in which this type and its fossil representatives

are mentioned. But it makes no pretence whatever of recording all the various names which have been bestowed at

different times upon fragments of fossil Pentacrinidae. A task of this kind is scarcely worth undertaking, as the result

would be totally incommensurate with the labour involved.
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1852. Pentmrinus, Forbes, Monograph of the Echinodermata of the British Tertiaries, p. 33.

1852. Cainocrimis, Forbes, Ihkl., p. 34.

1857. Peidaeriiim, Pictet, Traits de Pal6oiitologie, 2""° 6d., Paris, 1857, t. iv. p. 342.

1857. Isocrinus, Pictet, Ibid., p. 344.

1857. Comatnla (pars), Pictet, Ibid., p. 288.

1862. Pcntacriims, Dujardiii and Hup(5, Hist. Nat. des Zoophytes, ^chinodermes, Paris, 1862, p. 179.

1864. Cenocrinus, Wyv. Thorns., The Intellectual Observer, August 1864, p. 3.

1864. Ncocrinus, Wyv. Thorns., Ihid., p. 7.

1864 Pentacrinus, Liitkon, Videnskabelige Meddelelser fra den naturhistoriske Forening i Kjobenhavn, 1864,

Nr. 1.3-16, p. 207.

1872. Pentacrinus, Wyv. Thorns., Proc. Eoy. Soc. Edin., vol. vii. p. 765; and The Depths of the Sea,

p. 435.

1875. Pictetkriims, de Loriol, Monographie Paleontologique et Gf5ologique des Etages Superieurs de la forma-

tion Jurassique des Environs de Boulogne-sur-Mer, 2°"' partie, p. 297.

1876. Pentacrinus, Quenstedt, Petrefactenkunde Deutschlands, Bd. iv.; Asteriden und Encriniden, p. 186.

1879. Pentacrinus, de Loriol, Monographie des Crinoides fossiles de la Suisse, p. 114.

1879. Gainocrinus, de Loriol, Ibid., p. 111.

1879: Pentacrinus, Zittel, Handbuch der Palaeontologie, Palaeozoologie, Miinchen und Leipzig, 1876-1880,

Bd. i. p. 393.

1880. Pentacrinus, P. H. Carpenter, Journ. Linn. Soc. Lond. (ZooL), vol xv. p. 210.

1882. Pentacrinus, P. H. Carpenter, Bull. Mus. Comp. Zool., vol. x. p. 167.

1884. Pentacrinus, P. H. Carpenter, Proc. Eoy. Soc. Edin., vol. xii. p. 355.

A. Cliaracters of the Gemis.

The petaloid sectors on the faces of the stem-joints are bordered by a few large

ridges, of which the smaller proximal ones meet those of adjacent sectors in the inter-

petaloid spaces, while the large distal ridges reach the outer edge of the joint. The

supranodal joints are scarcely modified for the ciiTUS-sockets, and the articular facets

rarely reach the upper edges of the nodal joints.^ The cirri consist of from twenty to

fifty joints, and vary considerably both in length and in appearance.

The basals may be very small knobs, or form a complete ring, and have but a slight

tendency to downward extensions of their lower angles. There are never more than

three radials, none of which bear pinnules.

The rays may divide five times, but rarely more than thrice ; and their subdivisions

are equal in value or nearly so. The basal joints of the lower pinnules are usually

rather broad and flattened laterally, with sharp dorsal edges.

Remarks.—The genus Pentacrinus is generally, and with good reason, attributed to

Miller. But a few authors have associated with it the name of von Schlotheim.^ It is

true that this able palasontologist used Pentacrinites as a generic name a year before the

publication of Miller's classical monograph ; but he made no attempt to define it as Miller

did, nor did he give diagnoses of any of the species which he referred to the genus. In

' In several fossil species, however, the cirrus-facets take up the whole height of the nodal joints.

2 Die PetrefacteukuuJe, Gotha, 1820, p. 327.

(zool. guall. EXP.—PART xxxu.—1884.) li 35
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fact, the first of these, Pentacrinites vulgaris, designates a fossil type to which he also

referred (under the name of Encrinus caput-Medusce) the recent specimens described by

Guettard and Ellis. These were subsequently referred by Miller to his Pentacrinus

caput-Medusce { = Pentacrinus asterius, Linn, sp.) ; and the tjrpe was eventually rendered

classical by the researches of MiiUer. Under these circumstances I see no reason for

departing from the practice of d'Orbigny, Forbes, Pictet, de Loriol, and Zittel, and have

therefore attributed the genus to Miller, with the date 1821. When establishing it,

he simply converted into a generic designation the name which had long been commonly

employed for fragments of stems with the characteristic petaloid markings on their

terminal faces. Miller's generic diagnosis of this type, like those of the numerous other

Crinoids described by him, corresponds to the definition of a family, when considered by

the help of our present knowledge.

Five species were established by Miller^—(1) the recent Pentacrinus caput-Medusce

from the West Indies
; (2) the two fossil species from the Lias, Pentacrinus briareus

and Pentacrinus suhangularis ; and (3) two other fossils which need not be considered

here. Although apparently taking the single recent species then known as the tj-pe of

the genus, he gave a generic diagnosis which represents, although imperfectly, the

dissected calyx of one of the two Liassic species. These have the radials prolonged

downwards over the upper stem-joints between and below the outer ends of the basals
;

and the Messrs. Austin consequently proposed to establish the new genus Extracrinus

for their reception, while restricting Pentacrinus to species having the general character

of the recent Pentacrinus caput-Medusce { = Pentacrinus asterius, Linn, sp.).

Miller described the " pelvis " of the fossil Pentacrinus briareus and Pentacrinus

subangidaris as similar in character to that of the recent Pentacrinus asterius, namely, as

consisting of five small and nearly cuneiform basals in contact by their central ends.

The Messrs. Austin, in accordance with their peculiar method of nomenclature, gave the

name " dorsocentral plate " to the pelvis of Miller (basals, MiiUer) ; and they described

that of Pentacrinus asterius as " resembling an enlarged and thickened supracolumnar

joint," without divisions, the salient angles of which alternate with the five first

radials, or, as they called them, the first series of perisomic pieces. The pelvis of the three

fossil species Pentacrinus johnsoni, Pentacrinus tubercidatus, and Pentacrinus milleri,

was described as closely resembling that of Pentacrinus asterius ; but in their diagnoses

of Extr'acrinus briareus and Extracrinus stdjcmgularis they differed considerably from

Miller and Goldfuss. They gave the name dorsocentral plate, not as usual to the pelvis

of Miller as in Pentacrinus asterius, but to five small and nearly concealed pieces which

are placed beneath the true pelvis, and were unknown to Miller. They are radial in

position, and not interradial like the pieces described by Miller and Goldfuss as composing

the pelvis of these two Liassic species. These, the true basals, which thus alternate with

1 A Monograph on Recent and Fossil Crinoidea, Bristol, 1843-45, p. 95.
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the elements of the so-called dorsocentral plate, were described by the Messrs. Austin as

" solid pointed pieces, whose points pass outward, and rest on the salient angle of the

pentagonal column," precisely, in fact, like the rays of the stellate dorsocentral plate or

pelvis of Pcntacrinus asterius, with which Miller had rightly regarded them as

homologous. The Messrs. Austin, however, supposed Miller to have been in error upon

this point, as they believed the so-called dorsocentral plate of Extracrinus to be

homologous with that of Pentacrinus, not paying any attention whatever to its position

with regard to the radial symmetry of the animal. Neither did they notice that in

Pentacrinus the five elements composing the doi-socentral plate are perforated by bifur-

cating canals, which occur in Extracrimis, not in the component pieces of the dorso-

central plate, but in those of the next series, the pelvis of Miller ; and they were conse-

quently led to regard these last, the basals of Miiller, as representing the first series of

perisomic plates (or the first radials, Miiller) of Pentacrinus ; while the first radials of

Extracrinus, alternating in position, with the basals, were described by them as a second

series of lateral or perisomic pieces which are unrepresented in Pentacrinus. The fact is,

however, that it is the dorsocentral plate of the former genus which is not represented

in Pentacrinus, the pelvis of which represents the so-called first series of perisomic plates

in Extracrinus, as was rightly supposed by Miller. The two sets of plates are precisely

similar in their position relatively to the radial symmetry of the animal and in being

perforated in the same way by bifurcating canals. These two important points, which

were entirely left out of consideration by the Messrs. Austin, demonstrate the homolog^JI

of the first series of perisomic plates in Extracrinus, not only with the pelvis or dors^*

central plate of Pentacrinus, but also with the outer circlet of basals in Encrinus ; while

the five small, nearly concealed pieces forming the so-called dorsocentral plate of

Extracrinus, which alternate with the true or outer basals, obviously represent the inner

circlet of basals of Encrinus. The Messrs. Austin were fortunate enough to obtain

a specimen of Extracrinus hriareus showing the interior of the calyx, the centre of the

floor of which is occupied by the five small, radially placed elements of the so-called

dorsocentral plate ; and the resemblance in every respect between these and the inner

circlet of basals in Encrinus is so close as to leave little doubt that they are homologous

with one another.

It is therefore somewhat striking to find that the extensive downward prolongation

of the first radials over the upper stem-joints, which is the chief characteristic of

Extracrinus, as defined by the Messrs. Austin, is also found, though to a smaller extent,

in Encrinus, as pointed out by Beyrich. Encrinus, like Extracrinus, has a dicyclic base;

but the same tendency to downward prolongation of the radials is seen in Pentacrinus

naresianus (PI. XXX. fig. l) and more distinctly in Metacrinus {PI. XXXIX. fig. 1;

PI. XLIX. fig. 2).

The Austins' genus Extraciimis has not met with the attention which it deserved,
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possibly on account of the clumsy nomenclature adopted by these authors. Ramsay,

Phillips, and Etheridge have used it in this country ; but the well known German
palseontologist Quenstedt,^ who has probably seen it in greater abundance than any other

naturalist, speaks of it in a decidedly scoffing tone. This, however, is only to be expected

from one who does not separate Bourgxieticrinus from Apiocrinus. Zittel mentions

Austin's name, but without committing himself to an acceptance of it ; and I have reason

to believe that M. de Loriol is prepared to accept the genus after it has been redefined

in a manner which is consistent with the present state of our knowledge.

The genus Extrcwiinus, which includes the two groups " Briariden " and " Subangu-

laren " of Quenstedt, is thus distinguished by the presence of under-basals (dorsocentral

plate, Austin) and the downward prolongation and jointing of the radials. But it also

differs very markedly from the Post-Liassic and recent Pentacrinites in the characters of

its stem and arm-divisions.

The precise structui-e of the stem of Extracrinus, i.e., the relations of its nodal and

internodal joints, has yet to be worked out. Some fragments of stem, probably from

near the top, seem to consist entirely of nodal joints ; while in others there are several

joints between any two whorls of cirri, just as in the ordinary Pentacrinites. The joint-

faces of Extracrinus, however, are very difierent from those of Pentacrinus. In the

latter genus, the five petaloid figures indicating the position of the stem ligaments are

more or less oval in shape, pointed at one or both ends, and bounded by strong ridge-

like processes, with alternating furrows (PI. XIII. figs. 2-6, 9-11 ; PI. XXII.

figs. 13, 14, 22 ; PI. XXX. figs. 25-30 ; PL XXXa. fig. 7 ; PI. XXXII. fig. 3
;

PI. XXXVII. fig. 22). There may be only about three of these on each side of the

petal, as in most recent forms, or there may be from six to twelve of a smaller size.

But all of these ridges, except those most centrally placed, slant inwards from the edge

of the joint, where theii" outer ends cause the denticulation which is so marked in all but

the oldest specimens (PI. XIX. figs. 2-5 ; PI. XXVII. fig. 1 ; PI. XXXa. fig. 6 ;

PI. XXXI. fig. 3 ; Pis. XXXV., XXXVL).
In Extracrinus, however, the five interradial petals are quite narrow, and much less

distinctly oval than in Pentacrinus, sometimes being linear with rounded outer ends.

Even when the joints are stellate the petals do not occupy more than the central portion

of each ray of the star, instead of the whole of it as in Pentacrinus ; and when the joints

are pentagonal or circular there is a more or less triangular space between every two

petals, which is plain and devoid of sculpture. Then again the markings at the sides of

the petals are much more delicate than in Pentacrinus, having more the character of

striae or crenulation than of coarse ridges. They are also much more numerous than in

Pentacrinus, and are strictly limited to the sides of the petals, not reaching the outer

edge of the joint. These characters are well shown in several of the figures published

1 Encriniden, p. 270.
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l)y different palseontologists, e.g., on pi. 53 of Bucklaud's Geology and Mineralogy,

figs. 9-13 ; on Tab. 101 of Quenstedt's Encriniden, especially figs. 24, 27, 33, and 37;

and also on pi. 12 of the Messrs. Austin's Monograph, figs, clj, k, n, o, r. None of these

authors, however, seem to have noticed the distinction of this type of joint from that of

the ordinary Pentacrinidae, either recent or fossil ; and attention was first drawn to it by

de Loriol, as will be pointed out subsequently.

In the ordinary Pentacrinidse, as in the multiradiate Ck)matul8e, there is no special

regularity in the mode of division of the secondary and tertiary arms. The twenty

secondary arms borne upon the distichal axillaries may either remain simple, or fork

again, once or oftener. But in most cases the forking is very irregular. Secondary

(palmar) axillaries may appear upon any of the four secondary arms; and the two

tertiary arms borne by them are of equal size, and have equal power of forking again,

though as a rule they do not all do so. A good instance of this is shown in Miller's

figure ^ of Pentacrinus asterius [caput-Medusce), which is represented more diagrammati-

cally in Quenstedt's Tab. 97, fig. 3. A similar arrangement has been described by

Liitken in Pentacrinus miiUeri,^ while it also occurs in Peritacrinus maclearanus,

Pentacrinus ivyville-thomsoni, and Pentacrinus alternicirrus (PI. XIV. ; PI. XV. fig. 1

;

PI. XIX. fig. 2 ; PL XXV. ; PI. XXVI. fig. 4). In all these cases the secondary (and

tertiary) axillaries are limited to the outer arms of each successive pair, so that the arrange-

ment of the arms on the ray is 2, 1 ; 1, 2 ; or 2, 1, 1 ; 1, 1, 2.^* But the two (or four)

inner arms are equivalent to the outer ones in all respects, neither of them dividing again.

While the arm-division in Extracrimos proceeds to a much greater extent than in

Pentacrinus, it is confined as a rule to the sides of the ray, only the outer arm of each

successive pair bearing axillaries, just as in the secondary and tertiary arms of

Pentacrinus asterius, Pentacrinus mulleri, &c. The four tertiary arms which spring

from each pair of palmar axillaries are rarely of equal size, and never absolutely equi-

valent. The two inner ones are usually rather the smaller, and except in some forms of

Extracrinus suhangularis do not divide again. Each of the larger outer arms, however,

divides again after a few joints, but the division is unequal. The smaller inner face of

the axillary, i.e., that turned towards the other axillary, bears a slender armlet; while the

main arm-trunk is continued directly onwards without change of direction. It gradually

diminishes in size, and gives off at short intervals a series of slender armlets from its

inner side, but it never really forks. But for the pinnules borne by it and its

subordinate armlets, one would be almost inclined to say that the distichal axillary bears

two secondary arms which have long slender pinnules placed at intervals upon their

adjacent inner faces, l)ut none whatever upon their outer sides. These organs are real

1 Op. cit., p. 48, pi. i. 2 Om Vestindiens Pentaoriner, he. cit., pp. 203, 204.

3 The Caribbean y47iferfon spinifera often shows exactly the reverse condition to this. Palmar axillaries are frequently

only developed on the inner pair of the four secondary arms, so that the grouping on each ray is 1, 2 ; 2, 1.
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arms, however, for they bear the pinnules as their larger fellows do ; and in some forms

the lowest of them (tertiary arms) have a series of unequal axillaries and bear armlets on

their inner faces just as the large outer arms do. In such individuals these inner tertiary

arms are more equal in size to the outer pair. The two extreme t}^es are well' represented

on Tab. 97 of the Encriniden, figs. 5 and 6, by Quenstedt, who partially founds upon

them the distinction between the "Briariden" and the "Subangularen." In the former

group the inner tertiary arms are undivided armlets like those which come ofi" farther out

on the ray ; while the inner tertiary arms of the Subangularen, though smaller than the

outer ones, bear armlets on their inner faces, which correspond to those on the inner faces

of the outer arms that spring from the same axillaries.

Owing to the presence of these armlets on the inner tertiary arms, the Subangularen

generally have the " finger-reichsten Krone " as pointed out by Quenstedt. This is not

always the case, however, for in a specimen from the Posidoma-hcds of Holzmaden, which

is figured by him,^ the inner tertiary arms are undivided, and their successors are more

equal to the outer aiTQs of the ray than in some forms of Extracrinus hriareus.

Under the name of Pentacrinus hriareus minutus, Quenstedt * has figured a curious

little species in which the division of the arms seems to be somewhat irregular, and the

distinction of arms and armlets less marked than is usually apparent in Extracrinus.

But I do not think that this variation, even if it be established, need have much efiiect

upon the stability of Extracrinus as a generic type.

The differences between the Liassic and the recent Pentacrinidse on which the genus

was founded by the Messrs. Austin were at first regarded by the late Sir Wyville

Thomson as of merely subgeneric value. Believing that Pentacrinus hriareus " seelns to

have a just claim to be recognised as the type of the genus Pentacnnus," he introduced

the name Cenocrinus for the Pentacrinus caput-3Iedus(e of Miiller, and one or two fossils

which closely resemble it.^ He subsequently abandoned this name, however, and referred

the type to Pentacrinus as all later writers have done, some recognising Extracrinus as

a separate genus and some not. The Messrs. Austin* pointed out that Miller "in his

arrangement of the Crinoidea has taken the Pentacrinus caput-Medusce for the typical

species, while at the same time his generic plate represents the dissected skeleton of quite

a difi'erent Crinoid. In the hope to remedy this intermingling of genera, we propose to

retain Miller's genus Pentacrinus, and to continue the Pentacrinus caput-3IeduscB as the

type of the genus;" while the name Extracrinus was proposed for the Liassic Pentacrinus

hriareus and Pentacrinus suhangularis. This arrangement seems decidedly preferable

to that proposed by Sir Wyville, who eventually gave up Cenocrinus as a subgenus

;

though I cannot learn that he ever formally adopted Extracrinus.

A second subgenus of Pentacrinus besides Cenocrinus was also proposed by Su-

> Encriniden, Tab. 101, fig. 1. 2 /^rf., Tab. 99, fig. 177.

3 Sea Lilies, The Intellectual Observer, August 1864, p. 3. * Monograph, p.
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Wyville in 1864,niie type being a new West Indian species which he designated as

Pentacrinus {Neocrinus) decorm. The differences between this type and Pentacrinus

asterius {caput-Medusce) are undoubtedly considerable, as I have expressed by separating

the two as far as possible in my arrangement of the species (see p. 299). But they are rather

physiological than morphological in character, and one or two errors of observation have

caused them to appear greater than they really are. There ai-e syzygies below the nodal

joints of Pentacrinus asterius (PI. XIII. figs. 3, 5, 8), just as in Pentacrinus decorus

(PI. XXXVI.; PI. XXXVII. figs. 5-8, 12, 19, 21); so that although the stem of the

former species is very strong and rigid, it can hardly be said to be distinguished by the

" absence of all provision for its rupture," such as Sir Wyville^ described in the more

slender stem of Pentacrinus decorus.

The supposed difference between the disks of Pentacrinus asterius and Pentacrinus

decorum, which was founded on a belief in the presence of tooth-like oral plates in the

former genus, is also due to error, owing to the unsatisfactory condition of Michelin's

specimen, which was said to possess these embryonic structures. Sir Wyville recognised

this subsequently when he obtained a spirit specimen of Pentacrinus asterius, the disk

of which he described as follows :

^—" The perisome of the disk is covered with irregular

calcareous plates, and at the free inner angles of the interradial spaces these plates become

closer, and form a solid kind of boss ; but there are no distinct oral plates." On the

other hand, the disk of Pentacrinus decorus^ (PI. XXXIV. fig. 2) could hardly be

called " comparatively unprotected " as distixiguished from that of Pentacrinus asterius,

which Sir Wyville described on the previous page as " uniformly d-efended and plated

with calcareous pavement.^'

In the nature of the arms, however, there is a considerable difference between the two

types, as was well described by Sir Wyville. Those of Pentacrinus asterius are " greatly

multiplied, large and strong. No syzygies, save those at the base, which can be used on an

emergency, tend to diminish their strength, an arrangement essential to the full supply

of food in their fixed condition." On the other hand, in Pentacrinus decorus the number

of arms is "greatly less, and the arms are provided throughout with syzygies, an

arrangement apparently suitable to its greater liability to trivial accidents in its free

condition." He went on to say, " At first I had some doubt as to the propriety of making

this species the type of a new subgenus, and any one of the above characters would

certainly not have afforded sufiicient grounds ; but all these characters taken together

form a remarkably compact assemblage, which places Neocrinus in a directly intermediate

position between Cenocrinus and Comatula," Two of the principal points of difference

between Cenocrinus and Neocrinus have, however, no foundation in fact, while a third

is, at most, one of specific value ; and the fourth, the supposed difference in the mode of

» Sea Lilies, The Intellediml Observer, August 1864, p. 7. ' Ibid., p. 10.

3 Proc. Boy. Soc. Edin., vol. vii., 1872, p. 766. ^ Sea Lilies, The Inldledml Observer, August 18G4, p. U.
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life, is valueless. For iudividuals of Pentacrinus decorus have been found attached to

telegraph cables by a spreading base ; and one specimen of Pentacrinus asterms at any

rate, which I have seen, had the stem broken at a nodal joint, which was worn and rounded

below, its central canal being closed up by a small median tubercle ; while this condition

is common to several other Pentacrinidse, as I have pointed out already (ante, pp. 18-22).

Apart from the length of the internodes and the characters of the stem-joints, cirri,

and arms, all of which are merely of specific value, the chief difference between

Pentacrinus asterius and Pentacrinus deconis is in the mode of union of the two outer

radials. In the latter type, as shown in PL XXXIV. figs. 3 and 5 (which were di-awn

imder Sir Wyville's own direction), these joints are united by a bifascial articu-

lation. But in Pentacrinus asterius (PI. XII. figs. 18 and 21), and also in Pentacrinus

miilleri and Pentacrinus wyville-thomsoni (PI. XVIII. figs. 8, 11), there is a syzygy in

this position. This difierence, however, is one which occurs continually among the

numerous species of the Comatuhd genera. Antedon rosacea and Actinometra meridion-

alis are types of many species having the bifascial articulation; while AntedonJluctuans^

and Actinometra solans represent a smaller number of species which have the syzygy. I

see no reason, therefore, for considering this diff'erence as one of subgenerie value among

the Pentacrinidse, so as to separate Pentacrinus decorus, together with Pentacrinus blakei

and Pentacrinus tmresiamis under a separate name, Neocrinus, from the other five species

which have a syzygy between the two outer radials. Four of these, and probably

Pentacrinus asterius as well, become free at a certain period of their life, just as Sir

Wyville discovered to be the case in Pentacrinus decorus; so that one of the physiological

characters on which he relied as giving Neocrinus an intermediate position between Penta-

crinus asterius and the Comatulte is of much more general occurrence than he supposed.

The separation of Pentacrinus asterius and Pentacrinus decorus as types of sub-

genera ajjpears to have been abandoned by Sir W}"\'ille within a year after he had proposed

the name Cenocrinus for the former species. For in his weU known memoir On the

Embryogeny oi Antedon rosaceus, published in the Philosophical Transactions for 1865,

frequent reference is made to Pentacrinus [Neocrinus) asterias as well as to Pentacnnus

{Neocrinus) decorus ; while Oersted's species Pentacrinus miilleri was also referred to the

subgenus Neocrinus. Sii- Wyville seems, therefore, still to have regarded Pentacrinus

hriareus as ha\'ing the first claim to the generic name Pentacrinus, although the Messrs.

Austin had expressed an opposite opinion. He appears, however, to have eventually

adopted their view, as all later writers have done. For in The Dej^ths of the Sea

reference is made to two West Indian species only, viz., Pentacrinus asterius and Penta-

crinus miilleri ;
^ and neither Neocrinus nor Cenocrinus is mentioned, while Pentacrinus

decorus is confused with Pentacrinus mulleri. Subsequently also, when describing new

1 The specific formula of this tyjie is—A.E. 3 . 2 . 2 . t- •

2 xhe Dejjths of the Sea, pp. 436, 442, 1873.
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"Porcupine" and Challenger species, Sir Wyville named them Pentacnnus wyviUe-thomsoni

and Pentacrinus viadearanus ; and the plate which was drawn under his supervision

was lettered Pentacrinus asteria (PI. XL).

We may therefore feel tolerably certain that Sir Wyville had recognised the inex-

pediency of limiting the name Pentacrinus to the Liassic species only, though then-

generic differences from the recent Pentacrinidae had been noticed by him.

We have seen that the name Cenocrimis, which was applied by Sir Wyville in 1864

to the classical species Pentacrinus caput-Mediisce of IMiller and Miiller, was afterwards

dropped by him ; but I cannot make out whether or not this arose from his becoming

acquainted with the genus Cainocrinus which had been established twelve years pre-

viously by Forbes.^ The essential difference between this type and Pentacrinus, as

defined by Forbes, is that the pelvis or basal ring of Pentacrinus is " composed of a single

piece formed out of five anchylosed plates," while that of Cainocrinus is "formed out

of five free plates." These are seen in Forbes's figure to compose a closed basal ring which

separates the radials from the top stem-joint ; and this is not the case with the basals

either of Extracrinus or of Pentacrinus asterius, the only recent species known to

Forbes.

What Sir Wyville thought of Forbes's genus I cannot say. He never referred to it,

and the fact of his having himself proposed Cenocrimis as a subgeneric type looks rather

as if he had not been previously acquainted with Cainocrinus. In any case, however,

whether he knew it or not, he still referred to the same genus Pentacrinus, the species

which was dredged by the "Porcupine" in 1870, and was ntimed after himself by his

colleague Dr. Gwyn Jeffreys,' F.R.S. ; and this is in all respects a true Cainocrinus with

a closed basal ring (PI. XIX. figs.. 6, 7 ; PI. XX. figs. 1-3). Quenstedt^ was unable to

see any essential difference between Cainocrinus and Pentacrinus ; but de Loriol,* writing

about the same time, took a different view. Unaware of Forbes's genus, he proposed

to establish a new genus Picteticrinus for a fossil species of Pentacrinus presenting the

then unusual character of a closed basal ring. But he subsequently discovered this to be

a feature of the type described by Forbes as Cainocrin'as, which he adopted as a generic

name instead of Picteticrinus ;^ and he referred to this type a species that had been

originally supposed by Desor" to belong to von Meyer's genus Isocrinus, whitli has been

discussed above {ante, p. 271). Cainocrinus was regarded by dc Loriol as establishing

a transition between Millencrinus and Pentacrinus. He defines Pentacrinus as diffcr-

1 Monograph of the Echinodermata of the British Tertiaries, pp. .33, 34.

2 Proc. Roy. Soc. Edin., vol. vii., 1872, p. 767 ; and also The Depths of the Sea, p. 444.

3 Encriniden, p. 269. .

i Mono-raphie Paleontologique et G(5ologique des Stages Superieurs de la formation Jurassique des Environs de

Boulogne-snr-Mer, 2""' partie, p. 297.

5 Swiss Crinoids, p. 111.

* Notice sur les Crinoides suisses. Bull. Soc. d. Sci. Nat. de Neudiatel, vol. i. p. 213.

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.) ^' "^^
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inc from Millericrinus in the verticillate arrangement of the cirri, and in having very-

small basals, which do not meet externally. Thus he says "pieces basales fort petites, en

general arrondies, uon contigues et reposant sur les cinq angles de la tige." On the other

hand, Cainocrinus has a complete ring of basals like Millericrinus, but a stem with

verticils of cirri like PentacrinKS. I cannot, however, regard this classification as

satisfactory ; for even in those species of Pentacrinus which have an incomplete basal

ring there is a great amount of variation in the extent to which the central ends of the

basals are joined, and in the size of their outer ends which appear between the radials and

the top stem-joint (PL XL ; PI. XII. fig. 16 ; PI. XIII. fig. 1 ; PI. XIV ; PI. XV.

figs. 1, 2 ; Pis. XXVIII., XXIX. ; PL XXX. figs. 1, 4 ; PL XXXI. figs. 1, 2 ; PL XXXIV.

figs. 1,8; Pis. XXXV., XXXVI. ; PL XXXVII. figs. 1,2). I have elsewhere stated my
reasons for not adopting Cainocrinus as a genus distinct from Pentacrinus ,-^ and the

results of my examination of the large series of Pentacrinidse dredged by the Challenger

and the " Blake " Expeditions has only served to strengthen my opinion. It must be

remembered that the cpiestion of the more or less perfect closure of the basal ring simply

has reference to its appearance on the exterior of the calyx. The inner ends of the basals

always meet one another around the neurovascular axis. But they are sometimes not in

contact by the whole length of their sides, so that their outer ends appear to be separated

by the radials (compare PL XII. figs. 1, 2, 16; PL XIII. fig. 1 ; PL XIX. figs. 6, 7;

PL XX. figs. 1-3; PL XXVL fig. 11 ; PL XXX. figs. 1, 4; PL XXXIV. figs. 1, 8;

PL XXXVI.).

The closure of the basal ring, therefore, is so extremely variable within specific

limits that it scarcely affords characters of specific, much less of generic value.

So far as the fossil species are concerned, however, it is quite possible that the more

or less perfect closure of the basal ring on the exterior of the calyx may afford characters

of some systematic value. But I strongly suspect that the examination of a large sei-ies

of specimens would indicate a very great variability in the size of the basals, just as in

the recent types.

The uniqiie specimen of Pentacrinus maclearanus (PL XVI.) has a closed basal ring,

and would therefore be called a Cainocrinus by de Loriol. In Pentacrinus wyville-

thomsoni there is sometimes a very close union between the pentagonal basals as in

PL XIX. figs. 6, 7, and PL XX. figs. 1-3 ; while in other specimens the basals are more

triangular in shape and less closely united, as is shown, with a little exaggeration, in

PL XVIII. figs. 1, 2. It occasionally happens that one or two of the basals fail to meet

their fellows, but the ring is always more or less complete.

Variations of a similar kind, though greater in degree, are presented by Pentacrinus

alternicirrus. Some individuals have prominent, rhomboidal basals not meeting laterally,

like those of Pentacrinus asterius (PL XIII. fig. 1 ) ; while in others they are much less

' Joitrn. Linn. Soc. Loiid. (Zool.), vol. xv. p. 210; and Bull. Mus. Cowp. Zoijl., vol. x., No. 4, p. 168.
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prominent and triangular or pentagonal in shape (PI. XXV.). The same difference

appears in Pentacrinus miillcri. The specimens in the Copenhagen ]\Iuseum, one of

which is figured by Liitken/ have a closed ring of pentagonal basals. Some of those

dredged by the " Blake " are in the same condition ; but this is far from being the case

in the three individuals figured in PI. XIV. and in PI. XV. figs. 1, 2. Sir Eawson

Eawson's specimen (PI. XV. fig. 1) has the smallest basals that I have yet seen in this

species ; while I have met with all intermediate stages between this condition and that

of Oersted's types at Copenhagen.

There is also a certain amount of variation in Pentacrinus hlahei, though I have not

seen a sufficieut number of specimens to be able to say much about it. In Pentacrinus

naresianiis, again, some individuals have pentagonal basals forming a closed ring ; while

in others the basals are triangular and barely meet their fellows. But as a rule their

outer ends are comparatively small and separated by the radials, which are sometimes

2)rolonged slightly downwards over the upper stem-joints (PI. XXVIII. fig. 1 ; PI. XXX.

fig. 1). A few specimens exhibit both conditions, some of the basals meeting their

fellows, while the rest are separated by the downward projecting radials.

But the most remarkable variations in the development of the pieces of the basal

ring occur in Pentacrinus decorus. They are sometimes smaller than those of Penta-

crinus asterius, and scarcely more conspicuous than tlic interradial ridges on the stem

beneath them (PI. XXXIV. figs. 1, 8 ; PI. XXXV.; PL XXXVI. fig. 3); or they may be

larger rhomboidal knobs standing out prominently from the general plane of the calyx,

and meeting one another by their extended lower angles (PI. XXXVI. fig. 1 ;

PL XXXVII. figs. 1,2); or they may present any intermediate condition between these

two. To some extent these difi"erences are perhaps due to age, both the individuals

figured on PL XXXV. being very young. But those represented in PL XXXVI. are

apparently of about the same age, so far as can be judged from the characters of the

stem, while their basals are at the two extreme stages of develoj^ment ; and the original

of PL XXXIV. fig. 1 is very far from being a young individual. In the young

Pentacrinus tvyville-thomsoni, again, the basals are of about the same relative size as they

are in the adult (PL XVIII. figs. 1-3). I do not, therefore, see any reason for regarding

the variations in the development of the basals as of any more importance than the

difierences in the number of arm-divisions. In Actinometra 2^ctrvici7'ra the number of

arms may vary from thirteen to thirty-nine, and much the same is the case in some

species of Pentacrinus and Metacrinus. But these differences are rarely of specific, and

much less of generic value ; and in the same way I find it impossible to consider the

presence of a closed basal ring as a valid generic character separating Cainocrinus from

Pentacrinus. There is no recent Pentacrinus in which the basals do not appear upon

the exterior of the calyx, so as to separate the radials either wholly or partially from the

' Om Vestindiens Pentacriuer, he. cit., Tab. iv., v., figs. 1, 2.
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top stem-joint. A few fossil sjiecies, however, liave been figured or described as not

possessing any external basals. Two of these are from British rocks, PentacrinusJisheri

and Pentacrinus dixoni. The former was described by Baily,^ who was unable to detect

the presence of interradial basals, and was led therefore to regard the first radials as

basals. True basals are really present, however, and may be seen in the original

specimen in the Dorchester Museum, or in another found subsequently and now in the

possession of Mr. Damon of Weymouth.

The same is the case with the specimen of Pentacrinus dixoni in Mr. Willett's

collection at Brighton, which was figured in Dixon's Geology of Sussex (1878 edition,

pi. xix. fig. 22). In both these species, therefore, the supposed absence of basals is

really due to error ; and I think it likely that the same may be true both of Isocrinus

2'>endidus, von Meyer, and of the Forest Marble specimen from Farley in Wiltshire, which

was described by Goldfuss^ as Pentacrinus scalaris; and also of Pentacrinus penta-

gonalis personatus from the Brown Jura. According to Quenstedt ' three pieces rest on

the top of the stem " womit jedes der 5 Hauptradiale beginnt." But neither then nor

in the Encriniden did he make any comment on the absence of basals, though he

must have noticed it. They may perhaps be small and only just in contact by their

central ends, so that they are concealed beneath the radials, as sometimes happens in

Encrinus and in the fossil Comatulse.* But it appears to me improbable that the

embryonic basals of any Pentacrinus should haA^e undergone transformation into a

rosette, as those of many Comatulae do. A Stalked Crinoid with a rosette would be a

novelty indeed.

One would greatly like to know the real condition of the anomalous specimen of

Metacrinus costatus represented in PI. XLIX. fig. 2, which has no basals visible externally.

They are generally so very well developed in this genus that their absence altogether

seems unlikely ; and I suspect therefore that they are quite small and concealed between

the top stem-joint and the radial pentagon, as in the case of Encrinus and the fossil

Comatulse.

It is a curious fact that there are so very few species of Pentacrinidse with only one

ray-division, i.e., with only ten arms; while at the same time the number of arms rarely

reaches the large total of one hundred or more, as it does in some of the giant species of

Actinometrairom the Philippines. In Pentacrinus maclearanus {F\. XVI.), Pentacrinus

wijville-thomsoni (Pis. XVIII. , XIX.), Pentacrinus alternicirrus (PI. XXV.), Pentacrinus

hlakei (PL XXXL), and Pentacrinus decorus (Pis. XXXIV.-XXXVIL), the rays may
divide three times, i.e., there may be distichal and palmar axillaries above the radials.

' Description of a new Pentatrinite from the Kimnieridge, cf. 0.\ford Clay of Weymouth, Dorsetshire, Ann. and
May. Nat. Hist, ser. 3, vol. vi. pp. 25-28, pi. i.

2 Petrefaota Germanise, vol. i. pi. Ix. fig. 10.

3 Der Jura, 1858, pp. 363, 364.

* Journ. Linn. Soc. Lmxd. (Zool.), vol. xv. p. 195, pi. ix. lig. 6.
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This would give the maximum number of arms as forty ; but although the ten distichal

axillaries may all be present, the palmar axillaries are frequently only developed on the

two outermost of every set of four secondary arms, as in the unique specimen of Penta-

crinus madearanus (PI. XVI.), and the individual oi Pentacrinus alternicirrus shown in

PL XXV. This would give six arms on each ray, making thirty in all. Sometimes,

however, there are no palmars at all, or only one or two series of them (PL XVIIL fig. 2 ;

PL XIX. figs. 1, 6, 7), so that the number of arms varies between twenty and thirty.

The ray-divisions of Pentacrinus decorus present almost as much variation as the

basals do. Some young specimens have only one or two distichal series (PL XXXV.);

while one intlividual has but ten arms like Pentacrinus naresianus. In others, again, the

arms are more numerous, though palmars are rare (PL XXXVL fig. 1). I am inclined

to suspect, from an examination of several young specimens, that the many-armed

condition is to some extent a secondary one. Thus if none of the arms were broken

and subsequently repaired, the original of PL XXXV. fig. 1 would have grown up with

no more than eleven arms. When, however, an arm is broken off" at a syzygy, and a new

one developed in its place, an axillary is nearly always formed in this new one sooner

or later, whether there were one present on the original arm or not. An instance of

this kind is shown in PL XXXVL fig. 2 ; and it is not uncommon to meet with indi-

viduals of ten-armed species of Comatula which have replaced some of their arms after

fracture and have developed axillaries in the repiration, so that the number of arms may

reach eleven or twelve. This increase in the number of arms after reparation seems to take

place largely in Pentacrimis decorus ; for it is rare to meet with a specimen which does

not show these signs of reparation, certain axillaries and the arms which they bear being

distinctly smaller than their fellows.

In Pentacrinus asterius and Pentacrinus niUlleri there are always twenty arms or

more, all the primary arms ending in distichal axillaries. Most of the secondary arms bear

palmar axillaries, and there are sometimes even one or two more be} ond these, so that

the rays may divide five times in all. There is no special regularity of division in

Pentacrinus asterius, though the number of arms is large, exceeding one hundred,

according to Sir Wyville Thomson.^ But in Pentacrinus miilleri there are usually not

more than four ray-divisions, the (palmar) axillaries being limited to the outer arms as in

Pentacrinus madearanus and Pentacrinus alternicirrus; while the fourth and fifth

axillaries, if present, occupy a similar position, so that there are six, eight, or ten arms to

the ray, as 2,1; 1,2—2,1,1; 1, 1, 2—or 2, 1, 1, 1 ; 1,1,1,2.

The arms oiMetacrinus branch as a rule more freely than those oi Pentacrinus, except

Pentacrinus asterius, all of the species having two, and most of them four axillaries

lieyond the radials ; but there is no special regularity about the grouping of the arm-

divisions.

' Sea Lilies, Tlie Intellecttial Observer, August 1864, p. 5.
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Among the recent Pentacrinidse there is but one solitary example of a uniformly ten-

armed tjrpe, which embraces a majority of the species of Antedon. This is Peniacrimis

naresianus, represented in Pis. XXVIII.-XXX.

Owing to the fragmentary condition in which many of the fossU Peutacrinidse occur,

it is impossible to say much about the nature of their arm-divisions. But in Penta-

crinus beaugrandi, de Loriol/ sp., the remains of the primary arms bear no axillaries up

to the twelfth joint from the radials ; while eleven simple joints are still preserved in the

specimen from the Lias of Vaihingen, which is referred by Quenstedt to Pentacrinus

tuberculatus.^

Eeference has already been made to the low state of development of the arms of

recent Pentacrinidse as compared with those of Comatulse (ante, p. 55). They are fewer

in number (i.e., when multiradiate forms are compared), and have both pinnules and

ambulacral plating less developed towards their ends ; while the number of joints

separating successive axillaries is far more variable within specific limits, and does not

seem to have become tolerably fixed as is the case in the Comatulse. Singularly enough,

the two species Pentacrinus wyville-thomsoni and Pentacrinus alternicirrus, in which the

distichal and palmar series are most uniform, are the very ones which most resemble the

Comatulse in their mode of life {ante, p. 19).

It is curious that in the Pentacrinidse and Apiocrinidse the external appearance of the

arm-joints should be so much more constant than it is among the Comatulpe. In the

latter family the arm-joints may be saucer-shaped, more or less sharply wedge-shaped,

&c., and it is in many cases easy to identify a species from detached portions of the arms,

especially as there is also very considerable variation in the characters of the pinnules.

But both in Pentacrinus and in Metacrinus there is a very great sameness, not only in

the form of the arm-joints as seen from their dorsal side, but also in the appearance of

the pinnules which they bear. The tubercular projections on the pinnule-joints of

Pentacrinus asterius (PI. XIII. figs. 1, 14), and the indications of carination on the

pinnules of a few species of Metacrinus, are almost the only variations in the character of

the pinnules through aU the recent species of the family. It is true that the features of

the lower pinnules of Metacnnus are such as to afford a character of some generic value

for separating it from Pentacrinus. But with the exceptions above mentioned the

pinnules of all the different species of Metacrinus are very much alike. Both in this

genus and in Pentacrinus the arm-joints are almost invariably of the transversely oblong

type (Pis. Xr., XIV. ; PI. XV. figs. 2, 3 ; PI. XVI. ; PI. XVIII. figs. 1-3 ; PI. XIX.

figs. 1, 6, 7; Pis. XXV., XXXVL, XXXVIIL, XLIL, XLIII.-XLVL, XLVIIL,

XLIX., LIL); and the same is the case in most, if not all, of the fossil species. It is

therefore at first sight by no means easy to identify the species to which isolated

' Mnnographie des Stages Jurassiques Superieurs de Boiilogne-sur-Mer, 2"°' partie, p. 298, pi. xxxvi. fig. 23, a.

' Encriniden, Tab. 97, tig. 39.
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arm-fragments belong. But as I have pointed out above, the peculiarities of the arm-

grooves u}>on the ventral surface of the skeleton, and their relation to the ambulacra,

afford characters of considerable systematic value. The joints of Pentacrinus naresianus,

however (Pis. XXVIIL, XXIX.; PL XXX. figs. 1, 23), show a distinct indication of the

more oblique shape which is common among the Comatulai; while both in this species

and in Pentacrinus blakei the peculiar nature of the syzygial union renders the arms

very readily distinguishable (Ph XXX. fig. 23; PL XXXa. figs. 9-12; PL XXXI.
figs. 1, 2 ; PL XXXII. figs. 5, 7, 12, 14).

The characters of the stem of the Pentacrinidee have already been fully discussed

{cmte, pp. 12-23). The fact that during growth it undergoes rather considerable modifi-

cations in its appearance has led to a very general belief in the impossibility of identifying

species by means of stem-fragments only. This is more especially the case as regards

the fossil species, which are often based upon the stem-characters alone, since calyces

are but rarely met with ; and I think it not improbable that two or even more

types of stem from the same horizon, to which different specific names have been given,

may sometimes be only different stages of growth of one and the same species. Thus,

for example, four species might be made out of the joints represented in PL XXII.

figs. 13, 14, 23, and 26, which are, however, merely different stages of growth in the

stem of Pentacrinus wi/ville-tJiomsoni. But on the other hand, the difference between

the stem-fragments figured on PL XIII. fig. 8 {Pentacrinus asterius) and PL XIX. fig. 4

[Pentacrinus wyviHe-thomsoni) are obviously not due to any developmental causes

;

and the two would be universally recognised as belonging to different species, even

if nothing whatever were known about the calyces and arms belonging to them.

The same remark holds good in the case of Metacnnus, isolated stem-fragments of

Metacrinus alternatus (PL XXXIX. fig. 3), Metacrinus cingulatus (PL XLI. fig. 1), and

Metacrinus nohilis (PL XLI. fig. 5), to say nothing of other species, being very

readily recognisable.

What has been written above refers simply to the general ajjpearance of the stem-

fragments ; but when the number of internodal joints is taken into consideration, and also

the markings on their terminal faces, the characters of the stem as a whole mUst be

regarded as of very considerable systematic value. The stem-joints of Balanocnnus and

Extracrinus are very readily identified by the sculpture on their faces ; but as far as the

internodal joints are concerned, I am unable to find any constant difference in this respect

between Pentacrinus and Metacrinus. In most (recent) sj)ecies of both genera there are

from three to six strongly marked ridges along the sides of each jietaloid figure. The

proximal ridges join their fellows in each interpetaloid space, while the outer ones reach

the exterior and cause the crenulation along the line of union between every two joints,

the ridges of each face alternating in ^^osition with those of the face opposite to it

(PL XIII. figs. 10, 11 ; PL XXII. figs. 22-24 ; PL XXVL fig. 17 ; PL XXX. figs. 25-30;
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PL XXXVl.; PI. XXXVII. fig. 22; PI. XXXIX. figs. 4, 7-11 ; PI. XLI. figs. 1-3, 5-8,

15-17; PI. XLV. figs. 2, 4; PI. XLVII. figs. 1-9; PI. XLIX. figs. 3-5).

The same characters may be seen in the numerous Pentacrinus joints figured in

Tabs. 97-99 of the Encriniden, and on pis. xiv.-xvii. of de Loriol's Swiss Crinoids.

In some of these fossil joints the number of ridges at the sides of the petaloid figures

may sometimes reach eight or ten ; but the inner ones always meet their fellows in the

interpetaloid spaces, while the outer ones appear externally. This is not the case in

Extracrinus, which has a more extensive but smaller crenulation at the sides of the linear

petals, as pointed out already (cvnte, p. 276).

In the recent species of Pentacrinus the cirrus-socket may extend downwards below

the articular surface so as to encroach very considerably on the internodal joint beneath

it, usi in Pentacrinus naresianus and Pentacrinus decorus (PI. XXXa. fig. 6 ; PI. XXXVL),
and in a less degree also in Pentacrinus mulleri and Pentacrinus hlakei (PI. XXXI. fig. 3)

;

or the joint above the node may be slightly incised to receive the upper jiart of the

socket, as in Pentacrinus alternicirrus (PL XXVII. fig. 1), Pentacrinus wyville-tltomsoni

(PL XIX. figs. 3, 4), and occasionally also in Pentacrinus asterius. But in these cases

the alteration of the supra-nodal joint is not very considerable. Among the Pentacrinus

species it is most marked in Pentacrinus wyville-thomsoni (PL XXII. fig. 17). AVith the

exception of those on the lowest nodal joint the cirri of this type are often found directed

upwards (PL XIX. fig. 1), while in others like Pentacrinus mUUeri, Pentacrinus

maclearanus, Pentacrinus naresianus, Pentacrinus hlakei, and Pentacrinus decorus they

are directed downwards (Pis. XIV., XVL, XXVIIL, XXIX., XXXL, XXXIV.), and their

bases are received in the hollowed sides of the infra-nodal joints.

On the other hand, the tendency of the cirri of Metacrinus is to take an upward

dii'ection, the supra-nodal joints being slightly incised to receive their bases. This is well

shown in Metacrinus angulatus (PL XXXVIII. ; PI XXXIX. fig. 9), Metacrinus

cingulatus (PL XL.), Metacrinus wyvillii (PL XLVIIL), Metacrinus costatus (PL XLIX.

figs. 1-3), Metacrinus interruptus (PL LIL), and Metacrinus tuberosus (PL LIII.

figs. 1, 2). In some species, such as Metacrinus varians (PL XLIV.), this character is not

very prominent ; but it can be traced with more or less distinctness in all the species of

the genus that I have seen, and is therefore (as far as it goes) of considerable value in

the separation oi 3Ietacrinus horn. Pentacrinus, as in the case of Metacrinus tuberosus

(PL LIII. figs. 1-6) and Metacrinus steivarti,^ of which only the stems are known. But

I have been unable to apply it to the determination of any fossil species, as this point is

naturally but rarely illustrated in sufiicient detail in the figures of Quenstedt and

de Loriol.

' On Three New Species of Metacrmus, Trans. Linn. Soc. Land. (Zool.), ser. 2, vol. ii. p. 443.



REPORT ON THE CRINOIDEA. 289

B. On the Characters of Young Pentacrinidce.

Young individuals of Pentacrinus arc naturally rare, as is only to be expected. It

is related, however, that on one occasion a large number of them of all ages and sizes

were thrown up on the shore at Barbados after a gale ; but unfortunately for science

no one on the spot had knowledge enough to recognise the value of this extraordinary

event, and a great opportunity, such as may never occur again, was therefore lost.

Nevertheless the discovery that recent Pentacrinidse flourish in great numbers on certain

parts of the sea-bed, like their predecessors in the Liassic and Jurassic Seas, has brought

about a considerable increase in our knowledge of their premature stages of growth. The

dredo-ings of the " Porcupine," Challenger, and " Blake " have yielded several young

individuals of three Pentacrinus species and of Metacrinus nodosus, some of which are

figured on Pis. XVIIL, XXXa., XXXV., and LI.

Like the young Comatula, they are all distinguished by the relatively great height of

the first radials as compared with those of the adult, which are wider than high, often

considerably so (PL XIX. figs. 1, 6, 7; PL XXX. fig. 1; PI. XXXVIL figs. 1, 2;

PI. L. fio's. 1, 5), while the radials of the young individuals are spade-like, to use an

expressive term introduced by Sir Wyville Thomson. This is naturally most marked in

the voungest specimen with a total length of 80 mm. (compare Pis. XXXV. and XXXVIL);

and the cup with its small basals presents a singular resemblance to that of Plicatocnnus

and Bathycmius (PI. VII. figs. 1-3, 6; PI. Villa, fig. 1). The little we know of the

former, however, shows that it is a totally aberrant type, and the resemblance must

therefore be considered as in great measure accidental and not as indicating any genetic

relationship. But Bathycrinus is a decidedly embryonic form, as is shown by the length

of all its three radials and the absence of pinnules from the arm-bases. Hyocrinus

(PI. VI.) is another type with high spade-like radials; but the basals are of the same

character, and not small and inconspicuous as in young Pentacrinidse and in Bathycrinus,

while the arms are totally diiferent.

Another character of the incompletely developed Crinoid, which is very marked in

Rhizocrinus and Bathycrinus, and still more so in the aberrant Plicatocrinus and

Hyocrinus, is the comparative freedom of the second radials. In many Comatulse they

are closely united laterally ; while in most of tlie Palseocrinoids, as in Apiocrimis

and Guettardicrinus, they are practically immovable, and enter into the com^Dosition of

the body. The second radials of Pentacrinus, however, rarely show any traces of the

lateral pits lodging interradial ligaments such as occur in many multiradiate Comatula^.

But they are often in very close apposition, while in young individuals of the same

species they are comparatively free (Pis. XVIIL, XIX., XXIX., XXXa., XXXV.,

XXXVIL). The arm-joints of most young Crinoids, as well as those in the outermost

and growing parts of the arms of more mature individuals, are always distinguished by

(ZOOL. CHALL. EXP. PAKT XXXII.— 1884.) li 37
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the relatively great proportion of length to width, whatever may be the shape of the full-

grown joint. In some Comatulse this condition is permanently retained, but in others

and in the Pentacrinidse the arm-joints of mature individuals are usually much wider than

long. In accordance with this, we find that even in young individuals of Pentacrinus

decorus with quite higli radials and arms only 12 mm. long, consisting of about a

dozen properly formed joints, the great relative width of the latter is already very

distinctly indicated (PI. XXXV.) ; while the last few joints are much smaller than their

predecessors, and have rather the appearance of a pinnule than of the continiiation of the

arm, the preceding joint of which looks like an axillary bearing two small arm-stumps.

This mode of develoj^ment is less marked in a somewhat older individual of

Pentacrinus decorus with about forty arm-joints, the later ones of which gradually

decrease in size instead of becoming abruptly smaller ; and the imperfect state of

development of the later pinnules which is so characteristic of the Pentacrinidse is

very well shown. This would seem to indicate that the mode of growth of the arm-bases

proceeds on a different plan from that of their middle and outer portions. In still larger

individuals, as in the youngest specimens of Pentacrinus loyville-thomsoni (PL XVIII.

fig. 3), Pentacrinus naresianus^ (PI. XXXa. fig. 1), and Metacrinus nodosus (PI. LI.

fig. 1), the terminal arm-joints are distinctly longer than wide, although the lower ones

have almost assumed their adult form ; and in all of them, but especially in Metacrinus

nodosus, there is the characteristic reduction in the size of the later pinnules. Nothing is

to be learnt regarding the order of the pinnule-succession in the Pentacrinidae from any of

these young individuals ; for the smallest of them are larger than some young Comatulse

already detached from the stem, but without pinnules on the arm-bases, and they all have

their proper complement of pinnules. The stem-joints of the immature Pentacrinidse,

like the later joints of growing arms, are relatively high in proportion to their width.

This is exactly the reverse condition to that of the young joints formed immediately

beneath the calyx (PI. XXXIV. fig. 9). The same distinction appears in the very different

type of stem characteristic of the Co»?a<«7«-larva and of the Bourgueticrinidse (PI. VII.

fig. 11 ; PI. Villa, fig. 1 ; PL LIII. figs. 7, 8). The young joints are at first discoidal,

then lengthen out, and finally the width increases relatively to the length so as

sometimes even to exceed it considerably. The two types of stem are so very different

that it is perhaps a little rash to reason about the one on the basis of the other. The

intercalation of new joints, which is so characteristic of the Pentacrinidse, seems never to

occur in the Bourgueticrinidse, new joints being only formed beneath the calyx. In this

last respect, however, the mode of growth in the youngest Pentacrinidse with very

slender stems appears to be very much what it is in the equally slender Rhizocrinus and

Bathycrinus. But as the diameter of the stem increases to 3 or 4 millimetres the

' The arm-joints of this species are more like those of the Comatiilse than is the case in any other Pentacrinus.

Instead of being nearly oblong, they have somewhat oblique ends, especially in the lower parts of the arms

(Pis. XXVIII.-XXX.).
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length of tlic joints does not increase in the same proportion ; and I am therefore not

surprised at having met with but one individual in which the stem-joints are longer than

wide, as shown in PI. XXXV. fig. 1.

A comparison of the figures on this plate, which represent the two youngest

individuals dredged by the " Blake," with those of the older, but still immature forms

figured in PL XXXVI. , will show, however, that the great relative height of the stem-

joints is a very characteristic feature in the development of Pentacrinus decoi^us. The

same feature is apj^arent in Pentacrinus ivyville-thomsoni (Pis. XVIIL, XIX.),

Pentacrinus naresianus (PI. XXVIII. ; PL XXXa. fig. 1), and Metacrinus nodosus

(PL L. fig. 3 ; PI LI. fig. 1).

The sculpture on the terminal faces of these internodal joints of young individuals

(PL XXXa. figs. 2, 3 ; PL XXXVII. fig. 9 ; PL LI. figs. 2-5), as in the case of those

intercalated between the pre-existing joints in other stems (PL XXII. figs. 3-12;

PL XXXVII. figs. 10, 13, 14), is more or less obscure; but the petaloid markings are

evident from the first, as might be expected.

The external appearance of the nodal joints not unfrequently alters considerably

during growth. Thus, for example, in Pentacrinus decorus the characteristic expansion

down to the upper edge of the cirrus-socket (PL XXXVI.) scarcely appears at all in the

young nodal joint (PL XXXVII. fig. 5) ; while in Pentacrinus naresianus there is a trace

of this expansion in the young stem, though it entirely disappears in the adult. In

Pentacrinus wyville-thomsoni, again, the overlap of the lower edge of the cirrus-socket

above the infra-nodal joint is far less evident in the young stem (PL XVIIL fig. 3) than

it is in the adult (PL XIX. figs. 3, 4). In Metacrinus nodosus, however, the characteristic

enlargement of the nodal joints between their cirrus-sockets is very evident in a young

stem with relatively high joints (PL LI. figs. 6, 7).

C. Tlie Calyx and its Contents.

The calyx, i.e., the combined ring of basals and radials, is constituted in the same way

in both the living genera of Pentacrinidaj, viz., Pentacrinus and Metacrinus, as is evi-

dent from a glance at PL XII. The former may therefore be taken as the type ; for it

is the better known genus, and has a long geological history, while Metacrimis is not

yet knowTi to occur in the fossil state. The calyx of Pentacrinus, while more like that

of ordinary Comatulse, i.e., Antedon, Actinometra, and Eudiocrinus, than the corre-

sponding part is in Rhizocrinus and Bathycrinus, nevertheless differs from it in a very

important character. This is the presence of unmetamorphosed basals, such as are only

found in Atelecrinus and Thaumatocrinus (PL LVI. figs. 1-4) among Comatulte ; 'for

the embryonic basals of the ordinary types undergo the well known transformation into

a rosette. This structure covers in the chambered organ which is lodged within the
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cavity of the eentro-dorsal (PI. LXI. fig. 2), and the same is the case with the flattened

basals of Atelecrinus.

The chambered organ of Pentacrinus is both relatively and absolutely smaller than

that of Comatula, and the reason for this is obvious. The Comatulid eentro-dorsal

represents, as it were, a coalesced series of the nodal stem-joints of Pentacrimis, and the

five cavities of the chambered organ lodged in its upper part are each in connection

with one cirrus-vessel only. But the remaining cirri which are borne by the eentro-

dorsal in greater or less abundance are supplied by a number of vessels that come off

below the chambers. Within the dorsal portion of the chambered organ, " lying at the

bottom of the eentro-dorsal basin, there is a succession of verticils of five triangular

leaflets, increasing in size from below upwards, from the extremities of some of the upper

of which leaflets issue groups of three diverging cords that proceed to the cirri. I can

scarcely doubt that these verticils mark the origins of the earlier cirral cords from the

Crinoidal axis ; and this obviously suggests that the five-chambered organ is itself only

another and larger verticil, which has come by the formation of ventricular cavities in

its substance (analogous to the lateral ventricles of the brain), to occupy the whole

cavity of the enlarged eentro-dorsal basin." ' In Pentacnnus, however, the cutI all

come off from the nodal joints of the stem, where the five dowTiward prolongations of

the cavities of the chambered organ in the calyx enlarge and each gives off a cirrus-

vessel (PI. XXIV. figs. 3, 4, chn). No cirrus-vessels come off from the enlargement

of the vascular axis within the calyx, which represents the chambered organ of Comatula

without the verticils of cirrus-vessels below it. The chambers, however (PI. XXIV.
figs. 6-8, cli), are scarcely larger than the nodal cavities in the stem from which the

cirrus-vessels arise,^ and are much smaller than the corresponding chamljers within the

upper part of the eentro-dorsal of Comatula (PL LXI. fig. 2), which give off the vessels

to the younger cirri. In fact they are sometimes almost equalled in size by the central

vessels within the ring of chambers, as seen in PI. XXIV. fig. 6. They are not closed

below as is practically the case in the Comatulae, nor do they present as sudden enlarge-

ments of the stem-vessels as in Rhizocrinus and Bathycrinus ; but these vessels are, as it

were, permanently enlarged in the upper part of the stem, owing to the closeness of

the nodal joints which are successively formed beneath the calyx, and are only gradually

separated by the intercalation of internodal joints between them. The chambers of

Pentacrinus therefore taper very gradually downwards into the stem-vessels, and it is

difficult to say where the latter begin and the former end (PI. LVIII. fig. 3).

The primary Y-shaped interradial cords which come off from the fibrillar envelope

surrounding the chambered organ of Pentacrinus (PI. XXIV. fig. 7 ; PI. LVIII.

figs. 1, 3

—

a.i.) sometimes bifurcate before entering the basals. On the inner face of the

^ See W. B. Carjienter, Proc. Roy. Soc, vol. xxiv., 1S76, p. 219.

2 Compare PI. XXIV. figs. 3, 4, 6, which are all equally magnified.
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basals of Pentacrinus decorus there is but one central opening, so that the primary cords

fork within the basals (PI. LVIII. fig. 1) as they did iu Apiocrinus. But in Pentacrinus

blakei this opening is n-idely extended laterally, while in Pentacrinus naresianus, Penta-

crinus alternicirr us, ^ and especially in Pentacrinus ivyviUc-thomsoni (PL XXI. fig. 7a),

it is more or less completely divided into two by a vertical partition. In Pentacrinus

asterius and Metacnnus angulatus, both of which, and especially the latter, have large

basals with a great development of calcareous network on the upper ends of their inner

faces, the opening of the central canal is pretty distinctly double.

On the upper surface of the basals the openings are, of course, perfectly separate.

They are situated on either side of the median ridge, and correspond to similar openings

on the under surface of the two contiguous radials which partly rest upon each single

basal (PI. XII. figs. 11, 14, 22, 25; PL XVIIl. figs. 5, 7; PL XX. figs. 2, 3, 6, 9 ;

PL XXI. figs. 6, a, h, c, and 7, h; PL XXVI. fig. 9; PL XXX. figs. 5, 7, 8; PL XXXIII.

fig. 5 ; PL L. fig. 5). In most specimens of Pentacrinus ivyville-thomsoni, as in other

Pentacrinidse, removal of the basals exposes the apertures on the lower surface of the

radials where the secondary axial cords enter them, together with the lowest portion of

the central plug (PL XX. fig. 9). But in one individual oi Pentacrinus wijville-tliomsoni

Dr. Carpenter found this plug to be somewhat unusually developed. Its lower surface

forms a tolerably well defined pentagonal plate, the angles of which are interradial in

position (PL XX. figs. 4, 5, 6, 8). It lies between the basals and radials, and is pierced

in the centre for the passage of the plexiform gland rising out of the chambered organ,

together with openings through which the secondary axial cords passed on their way

from the basals to the radials, the apertures in the latter plates being entirely concealed

by it.

The radials of Pentacrinus thus difier very considerably from those of Comatula, for

the proximal openings of their central canals are really on their dorsal faces, viz., at the

central ends of what I have called the inner dorsal surface, ^.e., that part which rests

on the basals (PL XII. figs. 11, 22 ; PL XX. fig. 9; PL XXI. figs. 6a, 66, 6c; PL L.

fig. 5) ; whereas in the Comatulae, as I have shown elsewhere,^ these openings are on the

inner faces of the radials, i.e., those which form the walls of the radial funnel that con-

tains the plexiform gland rising from the chambered organ. They are also less closely

approximated in Pentacrinus than in Comatula, one being situated on either side of the

strong crest which divides the inner dorsal surface into two lateral halves, instead of

being only separated by a very delicate calcareous bar. The converging axial cords

which enter these openings on the radials of Pentacrinus (PL XXIV. figs. 7-9

;

PL LVIII. figs. 1-3

—

ar) run upwards and outwards for some little way before they

are united by the interradial and intraradial cords to form the circular commissure

' I have only seen single specimens of the dissected calyx in these three species.

2 Trans. Linn. Soc. Land. (Zool.), ser. 2, vol. ii. p. 78, pis. iv.-vii., 1877.
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(PL XXIV. fig. 9, ico, ceo). The canal in whieli this is lodged is never close down to

the proximal openings in the inner or dorsal face, as it is in all Comatulse, even Atele-

crinus. But its position varies somewhat in difi'erent species. Thus, for example, it

comes nearer to the edge of the central funnel in Pentacrinus decorus (PI. XXXIII.

fig. 5) than in Pentacrinus wyville-thomsoni (PI. XX. fig. 6). The double axial cords

of the rays which proceed outwards from it resemble those of Comatulse in their very

close approximation. Small portions of them, cut very obliquely, are seen in PI. XXIV.

fig. 9, A. They are lodged close together in the same canal as far as the axillary radial,

not being so widely separated as in Encrinus ; and the arrangement of the commissures

in the axillary is just the same as was discovered by Ludwig in the Comatulge.

D. The Geological History of Pentacrinus.

Excepting for some doubtful forms from the Eifel, the earliest known Pentacrinidai

occur in the " Wellenkalk " of the Jura, at an horizon somewhat lower than the well-

known limestone in which Encrinus liUiformis occurs. According to Quenstedt, both

generic t3rpes occur together in the Wellenkalk of Wiirtemberg ; and he refers all the

Pentacrinidfe to one species, Pentacrinus dubius, though they have received various

other names, both generic and specific, from earlier writers. Nothing being known of

them but fragments and isolated joints of the stem, any detailed classification of them

is hardly possible. But the similarity of the stem-fragment from Waltcrshausen ' with

ten cirrus-whorls at intervals of eight or ten joints, to the stems of recent Pentacrinid^,

is very striking. This resemblance was noticed by von Schlotheim,^ who described the

fossil as Pentacrinus vtdgaris, and referred to the same t}^3e the recent specimens of

Guettard and Ellis. Some years later Quenstedt ' gave an excellent figure of it ; Ijut in

the absence of an associated calyx he hesitated to refer it to Pentacrinus as von

Schlotheim and Goldfuss had done, and so described it as Encnnites dubius. Beyrich

and later writers, however, have generally regarded it as a Pentacrinus, as Quenstedt

himself has done in the Encriniden, and the reference of the fossil to the PentacrinidEe

will now be scarcely disputed. Another very similar stem from the Muschelkalk of

Silesia was described by von Meyer ^ as Clielocrinus acutangulus. This genus was

established to receive certain forms with more than ten arms, owing to the presence

of distichal and palmar series, which had been generally referred to Encrinus. It

has been abundantly proved, however, by the researches of von Strombeck ' and others,

1 Encriniden, p. 198, Tab. 97, figs. 14-22.

- Die Petrefactenkunde, p. 327.

2 Ueber die Eneriniten des Muschelkalks, Archivf. Naturgesch., Jalirg. i. Bd. ii., 1835, p. 225, Taf. iv. fig. 2.

^ Fische, Cnistaceen, Echinodermen und andere Versteinerungen aus dam Musclielkalk Oberschlesieiis, Palteonto-

graphica, Bd. i., 1851, p. 272.

* Ueber Missbildungen von Encrinus liliiforniis. Lam., PalKontographica, Bd. iv., 1856, p. 176.
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that the character on which vou Meyer established Chelocrinus is oue of no systematic

vahie whatever. One of the two species on which he founded the genus was the

Encriniis pentactinus of Bronn.^ This name was proposed for a single specimen which

presented a very remarkable combination of characters. The cup appears to be that of a

typical Encrinus with some twenty biserial arms. The stem has a rounded pentagonal

outline, and consists of about twenty-five joints, some of which bear verticils of five

cirri. Beyrich appears to consider these characters as of altogether subordinate value,

for he says^
—"die etwas abweichende Form des fiinfseitigen Stengels mit deutlich

eino-esenkten Seiten kann eben so wenig fiir ein unterscheidendes Artmerkmal gelten, wie

die von Bronn beobachteten kurzen Cirren, welche anscheinend individuell hier und

da bei verschiedenen Encriaiis-axtkin vorkommen konnen." There is a considerable

difi"erence, however, between a regular verticillate arrangement of cirri and their occasional

presence here and there upon the stem, about which Beyrich does not speak very

confidently, so far as Encrinus is concerned. I cannot make out, indeed, that any stem

of an Encrinus has ever been described as bearing isolated cirri in the manner referred

to by Beyrich ; while, on the other hand, the verticillate arrangement has been discovered

by Picard ^ in an imperfectly preserved fragment from the Muschelkalk which he has

described as Encrinus beynchi—" Der Stengel ist von seinem untersten Theile an mit

Ranken versehen. Dieselben treten von unten herauf erst spiirlicher und in grosseren

Abstanden auf ; am oberen Theile ist je das achte Saulenglied ein Cirrentrager und

erscheint horizontal etwas verdickt. Die Anhaftestelle fiir die Cirre befindet sich

reeelmassio- auf der concaven Fliiche zwischen je zwei der fiinf Kanten, so dass ein

Wirtel von 5 Cirren den Stiel umgiebt." He continues—-"Als Pent<xerinus wage ich

meinen Fund nicht auszusprechen. Denn obwohl die Fiille an Cirren und der ganze

Habitus der Saule sehr zu dieser Auffassung drangt, hat mich doch die Zusammensetzung

der Krone, soweit sie klar ist, bestimmt, bei der Gattung Encrinus zu bleiben." There

would seem therefore to be no doubt as to the occurrence of cirrus-verticils ou the stems

of other Neocrinoids besides the Pentacrinidse ; while there are certain PaljBocrinoids

both in this country and in America which present the same character. Although,

however, this fact diminishes the value of that peculiarity of the Pentacrinidse which is

most evident at first sight, it does not follow that the verticillate arrangement of the

cirri in these other types is also associated with the presence of syzygies at the nodes and

the mode of union of the internodal joints, which are such especial features of all the

Pentacrinidaj. The Pentacrinus dubius of Goldfuss and Quenstedt shows these points

very well, the five petals being visible on the faces of many joints found in the Muschel-

kalk at difi"erent localities ; while the stem of von Schlotheim's specimen (6 inches long)

' Ueber ilie KrinoiJeen-Reste im Muschelkalk, Nmes Jahrh.f. Mineralogie, Jabrg. 1837, p. 32, Taf. ii.

^ Crinoideen des Musclielkalks, loc. cit., p. 36.'

3 Zeitschr. d. deutsch. geol. GesellscL, Jahrg. 1883, p. 201.



296 THE VOYAGE OF H.M.S. CHALLENGER.

terminates below in a nodal joint owing to its separation at the syzygy, as is the case

with so many fossil as well as recent Pentacrinidse. Although therefore it seems

tolerably certain that cirrus-verticils may occur in some species of Encrinus, the other

characters of many of the stem-fragments from the Muschelkalk render it equall}^ certain

that Pentacrinus or an allied genus existed in the same seas as Encrinus. This has long

been admitted in the case of the St. Cassian beds, which are considerably above the

horizon of the Muschelkalk ; and they have yielded to Laube ^ five varieties of Penta-

crinus-stems, which he has temporarily referred to as many species. Associated with

these he found one calyx which appears to belong to Pentacrinus; but it was too

imperfectly preserved for a definite opinion to be formed upon this point.

All these earlier forms seem to belong to the section of the genus which was desig-

nated " Basaltiformes " by Quenstedt, after one of Miller's species with a pentagonal stem.

Essentially similar stems are found all through the remaining secondary rocks from the

Lias upwards, in the Nummulitic Limestones of Biarritz and Kreissenberg, in the London

Clay, and in the Italian Tertiaries. The calyces associated with them have a monocyclic

base, and bear simple or dichotomous arms, the two limbs of each fork being of equal

value, just as in the recent forms. Quenstedt's other two groups, the Briariden and the

Subangularen, are those to which the generic name Extracrinus was applied by tlie

Messrs. Austin. The type is limited in Europe to the Lias and Lower Oolites. Extra-

crinus briareus appears to occur in the lowest " quick ledge " at Lyme Regis, which

corresponds to Quenstedt's lowest bed a; but the tj^e does not reach into the Middle

Lias, nor indeed into the upper beds of the Lower Lias. In the Jura, however, Extra-

crinus briareus has not been found below the Marlstone (Lias y and S); but it ranges up

through the Posidonia-heds, and is said to occur in the Lower Oolites.

The range of the Subangularen is more limited. They do not occur in the Lower

Lias of either England or Germany, nor do they reach the top of the Posidonia-heds.

Many varieties have been made of both species, especially by Quenstedt ; but it is note-

worthy that neither species occurs in all the three divisions of the Lias, Extracrinus

briareus being limited to one only, at any rate in this country.

Those who have recognised Extracrinus as a genus, as, for example, Mr. R.

Etheridge,^ F.R.S., have usually regarded it as limited to the Lias. The Messrs. Austin,

however, speak of Extracrinus briareus as occurring in the Cornbrash at Kingscote Turn-

pike. They are certainly wrong about the species, but I am very strongly inclined to

believe that they are correct as regards the genus, and also that the occurrence of the

Briariden in the Brown Jura (Inferior Oolite), as mentioned by Quenstedt,"^ is not

unlikely.

' Die Fauna der Schichten von St. Cassian, Denkschr. d. Jc. Ahad. d. IViss. IVien., BJ. xx., xxiv., pp. 267-278.

2 See his Presidential Address to the Geological Society, Quart. Journ. Geol. Soc, 1882, p. 147 (of separate copy).

3 Encriniden, p. 270.
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In the year 1876 a large Pentacrinus colony wsis discovered at Senneeey-le-Grand.

Numerous very perfect individuals were obtained and carefully described by de Loriol.*

He found a verticil of cirri on every joint, and described their faces as follows :

—

" La surface articulaire est plane ; les petales de la rosette articulaire sont fort

etroits, et ont I'apparence de cinq petites rigoles aboutissant aux cinq angles du
pentagone et limit^es par deux petits bourrelets paralleles, plus elev^s sur I'une des

faces de I'article que sur I'autre, et converts de trfes fines crenelures." The figure which

he gives (pi. ii. fig. 10) shows the complete correspondence of tliese joints with those

of the Liassic Extracrlnus ; and he found this correspondence also in the other characters

of the type. The radials extend slightly downwards over the top stem-joints, and the

characters of the arm-divisions are almost exactly as in Extracrinus, except that the

main arms and the armlets which they bear are more equal in size than in the typical

species.

De Loriol identified this species with Pentacrinus dargnied of Terquem and Jourdy,

though he considered it as belonging to the same group as Extracrinus briareus ; but

he hesitated to adopt Austin's genus, and he subsequently stated that there was no reason

to do so.^

He also pointed out that the characters of the stem-joints and cirri of Quenstedt's

two species Pentacrinus briareus zollerianus and Pentacrinus briareus achalmianus, both

from the Brown Jura (Inferior Oolite), indicate their affinity to this group. In the same
memoir he described and figured some other stem-joints presenting all the Extracrinus-

characters from the same formation (Bajocien) of Langres, and he subsequently found

both these types at corresponding horizons in Switzerland. He referred at the same time

to the Pentacrinus nodotianus, d'Orbigny, which was described by its founder as being

"voisine du Pentacrinus briareus." Very similar stem-joints, each bearing five

cirri, and having crenulated linear petals, occur in the Coralline Oolite of various

parts of Switzerland, and are described as Pentacrinus buchsgauensis by de Loriol,

who notes their resemblance to those of Pentacrinus briareus as a point of special

interest.^

We may therefore, I think, consider it certain that Extracrinus extends up above

the Lias into the Lower Jurassic rocks of the Continent, and the same is undoubtedly the

case in England. The Great Oolite of Minchinhampton contains stem-joints with the

same linear, crenulated petals as those of the Liassic Extracrinus briareus ; while similar

joints, together with arm-fragments showing the characteristic inequality of division,

abound in the Forest Marble at Malmesbury.

To the genus Extracrinus I would also refer the Pentacrinus asteriscus from the

' Notice sur le Pentacrinus de Senneeey-le-Grand, p. 7. Both in this work and in the Swiss Crinoids this type

is called Pmtacrinm dargnicsi by de Loriol. But the plates are lettered Pentacrinus chabasi, P. de Loriol.

2 Swiss Crinoids, p. 116. 3 /jjV/,^ pp 153^ 154

(ZOOL. CHALL. EXP.—PABT .XXXII.— 1884.) Ii 38
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American Jura-Trias (Jura only f), which was first discovered by Meek and Hayden.' It

was subsequently found in Utah by Wheeler's Survey, and owing to the constancy of its

characters, even in examples collected at widely separate localities, it has been relied on

with considerable confidence in the identification of Jurassic strata. According to Meek

and Hayden there are five large, oval, petaloid areas, bounded on either side by " rather

narrow, slightly elevated, transversely crenulated margins,"^ and the figure which was

published later by White^ clearly shows that the afiinities of this species are with Extra-

cnrms rather than with Pentacrimis, of which it has been hitherto regarded as the only

species yet recognised in the American Jurassic rocks. Hayden's Survey found it in

1877 extending through a considerable thickness of Jurassic limestones in Idaho and

Wyoming.* The supposed Triassic beds of Dun Glen and the Pah Ute range contain a

slightly larger form of joint, which differs from the Jurassic specimens. It was found

associated with what are regarded as unmistakable Triassic fossils and also a Spirifera.

Mr. Emmons® speaks of it as follows:
—

" It should be stated also that these disks of Penta-

crimis found in the Dun Glen limestone vary somewhat from the type specimens, and

are all of larger size, reaching one-fourth of an inch in diameter, while those of Jurassic

age scarcely reach one-fifth of an inch. Prof. Whitfield suggests that the Dun Glen

variety may possibly be, a new species."

Elsewhere, too, it is stated by HaU and Whitfield* that this Triassic form from Dun

Glen diff"ers from the Jurassic specimens " in the more obtuse points of the star, and

the filling up of the angles between the points, and also in the broader form of the

elliptical figures on the articulating surfaces of the disks." These are just the differences

between the stem-joints of Extracrinus and those of Pentacrinus, as explained above
;

and I am therefore disposed to think that this Triassic t}^e with broader petals may be

a true Pejitacrinus, more especially as we have no knowledge of any European Extra-

crinus below the Lias.

It must be remembered that nearly all of these identifications are based upon the

characters of the stem-fragments only, the calyx and arm-bases being but rarely preserved.

Every one who has examined moderately long pieces of stem, whether recent or fossil,

has noted the variation of characters which they present in different parts ; and there

has therefore been a general disposition not to place too much reliance on species of

which only the stems are known. I have been surprised to find, however, in the case of

' PalcBontology of the Upper Missouri, Invertebrates, part i. p. 67, pi. iii. fig. 2.

« Proc. Acad. Nat. Sci. Philad., March 1858, p. 49.

' Report upon Geographical and Geological Explorations and Surveys west of the One Hundredth Meridian, in

charge of First Lieut. Geo. M. Wheeler, vol. iv. part i.. Palaeontology, p. 162, pi. xiii. fig. 6,a.

* Eleventh Annual Report of the U. S. Geological and Geographical Survey of the Territories, embracing Idaho

and Wyoming, 1879, pp. 626, 627.

^ Report of the Fortieth Parallel Survey, Descriptive Geology, vol. ii. p. 711.

« Ibid., vol. iv. p. 280, pi. vi. fig. 16.



EEPORT ON THE CRINOIDEA. 299

recent types that wlaen allowance is made for the different stages of growth, the

characters of the stem are of much use in the distinction of species. This is especially

the ease if the number of interuodal joints can be ascertained, which is not often possible,

however, with fossil stems. But I am more disposed than I formerly was to accept

the numerous species described by de Loriol and Quenstedt on the characters of the stem

alone. Under these circumstances it is possible that more of the Continental species

may eventually be found to occur in Britain, the number at present known being very

small.

The geological range of individual species, both of P'entacrinus and of Extracrimis,

seems to be rather limited, no species occurring in all three divisions of the Lias. Out of

fifteen species of Pentacrimis which are found in the ]\Iiddle and Upper Lias of Britain,

only two are common to the two horizons. Neither of the two Lower Lias species reach

the Middle Lias, though Pentacrmus hasaltiformis doss so on the Continent. This and

Pentacri7ius psilonoti are the only Continental species which have yet been recognised in

the British Lias. One species of the Kimmeridge Clay, Pentacrinus sigmaringensis, also

occurs in the White Jura of the Continent.

This agrees very well with the geographical distribution of the Pentacrinidse in the

recent seas, the four West Indian species, though abundant in the Caribbean Sea, not

occurring elsewhere ; while the remaining two Atlantic species have respectively been found

at one and at three stations only. Pentohcrinus naresianus was obtained in the West

Pacific in lat. 29° 55' S., and also in lat. 4° 33" N. (or possibly 9° 26' N.), and has the

widest geographical range of any Pentacrinus, recent or fossil, that I am acquainted with.

Like the Silurian Crinoids, therefore, the species of Pentacrinus, both recent and fossil,

seem to be somewhat limited in their geographical range.

The genus has, however, a wider geographical range than Metacrinus, which is

confined to the Pacific Ocean and the East Indian Archipelago. On the other hand,

while fourteen species of Metacrinus are known, Pentacrinus is only represented by eight,

together with the doubtful form which I have called Pentacrinus (?) mollis (PI. XXXIII.

figs. 7-10). The mutual relationships of these eight species are shown in the

following table ; and it will be seen that they fall into two very natural groups,

which have the four Caribbean and the two Pacific species equally divided between

them.
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The two
outer raJ-

iak and
the first

two joints

beyond
each axil-

lary united

by syzygies

I

1

Five

cirri at

each

node.

The two
outer rad-

ials and
the first

two joints

beyond
them uni-

ted by bi-

fascial arti-

cidatious.

Cirri large and
stout, of

thirty-five to

fifty joints.

Rays may
divide five

times.

Fifteen to

twenty - five

cirrus-joints.

Rays only

divide three

times. Each
division of

two joints

united by

Genus Pentacrinus, Miller.

Usually fifteen to eighteen inter-

nodal joints. The hypozygal
does not share in the cirrus-

sockets. Generally more than
three joints between the irre-

gular arm-divisions. Pinnule
joints have forward projecting

processes.

1. asterius, Linn.

Six to eight internodal joints. The
hypozygal shares in the cirrus-

sockets. Only two or three j oints

between the regular arm-divi-
sions.

One or two internodal joints,

2. riiiilleri, Oersted.

.3. maclearaniis,Wyv. Thorns.

Thirty-five to forty-five internodal ) . .„ ^, . t /r

joints. (

vyviUe-thomsont, JeflFreys.

Two 'and three cirri alternately at successive nodes. Eays
)divide three times ; each division of two joints united by } 5. altemicirrus, n. sp

''yzygy- Four internodal joints. i

Ten arms only. The third brachial a syzygy with angiilar
syzygial faces. First pinnule on the second brachial.
Eight to seventeen internodal joints.

naresiantis, n. sp.

Rays may divide three
times. The second
free brachial a syzygy. -

Pinnule on the first

brachial.

Five to seven internodal joints.

Nodal joints not enlarged, and
the hypozygal sharing but little j- 7. blakei, n. sp.

in the cirrus-sockets. Syzygial
faces angular.

Eleven or twelve internodal joints.
'

Nodal joints enlarged and pro-

jecting, and the hypozygal
grooved to receive the cirrus-

bases. Syzygial faces nearly
plane.

8. decorus, Wyv. Thorns.

1. Pentacrinus asterius, Linn., sp. (PI. XL; PL XIL figs. 15-25- PI XIII-
PL XVII. figs. 7, 8).

1761. Palmier marin, Guettard, Memoires de Mathematique et de Physique tirds des Registres de I'Academie
Royale des Sciences, de I'annee MDCCLV., Paris, 1761, p. 225.

1762. Encrinm, capite stellato, ramoso dichotomo. Stipite pentagoJio-equisetiformL, Ellis, Phil. Trans.,
vol. lii. pt. i. for the year 1761, London, 1762, p. 358.

1766. Isis asteria, Linnaeus, Systema Nature, ed. xii., HoLmis, 1766, t. i. p. 1288.
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1775. Ms asterias, Muller, Linne's Natursystem, nach der zwolften lateinischen Ausgabe, Niirnberg, 1775,

Bd. ii. p. 742.

1788. Ms asteria, Linnaus, Systema Naturre, ed. xiii., cura, J. F. Gmelin, LipsiK, 1788, t. i. pars vi. p. 3794.

1816. Encrinus caput-Medusce, Lamarck, Histoire Naturelle des Animaux san.s Vert^bres, t. ii., Paris, 1816,

p. 435.

1820. Pentacrinites vulgaris, von Scblotheim, Die Petrefactenkunde, Gotha, 1820, p. 327.

1821. Pentacrinus Caput-Medusce, Miller (pars), A Natural History of the Crinoidea, r>ristol, 1821, p. 48, pi. i.

1834. Encrinus caput-Medusce, de Blaiiiville, Manuel dActiuologie, Paris, 1834, p. 254.

1836. Pentacrinus Caput-Medusm,. Buekland, Geology and Mineralogy, London, 1836, p. 432, pi. 52, fig. 1.

1843. Pentacrinus eaput-Mediisoe, Miiller (pars), Abhandl. d. k. Akad. d. "Wiss. Berlin, Jahrg. 1841,

p, 9, Taf. 1.

1845. Pentacrinus Caput-Medusce, Austin i (pars), A Monograph on Recent and Fossil Crinoidea, Bristol,

1843-45, p. Ill, pi. 14.

1856. Pentacrinus caput-Medusm, Oersted, Forhandl. Skand. Naturf., 7'^"' Mode i Christiania, 1856, p. 202.

1862. Pentacrinus caput-Medusce, Dujardin and Hup6, Hist. Nat. des Zoophytes, fiobinodermes, Paris, 1862,

p. 181.

1864. Cenocrinus Caput-Medusm, Wyville Thomson, The Intellectual' Observer, August 1864, p. 3.

1864. Pentacrinus asteria, Liitken, Vidensk. Meddel. f. d. nat. Foren. i Kj0benhavn, 1864, p. 207.

1865. Pentcccrinus (Neocrinus) asterias, Wyville Thomson, Phil. Trans., vol. civ., 1865, p. 542.

1872. Pentacrinus asteria, Wyville Thomson, Proc. Roy. Soc. Edin., vol. vii. p. 765 ;
and The Depths of the

Sea, p. 435.

1877. Pentacrinus asteria, Wyville Thomson, The Atlantic, London, 1877, vol. ii. pp. 123-126.

1882. Pentacrinus asteria, P. H. Carpenter, Bull. Mns, Comp. Zool., vol. x. p. 168.

Dimensions.

Length of stem to twentieth node.

Greatest diameter of stem.

Longest cirrus (fifty joints),

Diameter of calyx across first radials.

Diameter of disk.

Length of arm (one hundred joints),

Length of distichal pinnule (twenty-five joints).

Length of first pinnule after tertiary axillary (th
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Basals triangular or rhomboidal, not meeting laterally on the exterior of the calyx.

The two outer radials united by syzygy. The grouping of the ray-divisions and the

number of their component joints are somewhat ii-regular. Primary arms of two to six

(usually three or four) distichal joints ; secondaries of two to eighteen (usually seven to

nine) palmar joints ; tertiaries of six to fourteen joints, and occasionally another division

after eight or ten joints more. The tertiary arms which divide are often only the two

outer ones in each group of four, so that the distichal axillary bears six arms, viz.,

2, 1 ; 1, 2 ; but there are sometimes " more than a hundred arms." ^ The first two joints

beyond each axillary united by syzygy, with a pinnule on the epizygal. No other syzygies

on the arms, which consist of about a hundred smooth, oblong joints, the outermost ones

overlapping slightly, Distichal and palmar pinnules very large and stout, with thick

lower joints, those of the later arm-divisions and of the free arms being much smaller.

The joints of these large lower pinnules have the distal edge raised into a strongly marked

keel which projects forward over the base of the next joint ; and this feature recurs on

all the pinnules of the arms, though it is less distinct in their middle and outer portions.

The perisome uniting the rays up to the level of the distichal axillaries is paved by
large, closely set plates. Similar plates cover the ventral surface of the disk and arm-

bases. Arm-groove moderately wide, and protected by numerous irregular plates.

Pinnule-ambulacra have covering plates, but no definite side plates. Colour in spirit or

dry, a light yellowish-browm.

Localities.—Various parts of the Caribbean Sea—Ne-\ds, Martinique, Barbados,

Guadeloupe (Dr. Schramm) ; ofi" Saba Island, 320 fathoms (Captain Cole). This species

was only once dredged by the U. S, Coast Survey steamer "Blake," cruise of 1878-79,

No. 157, ofi'Montserrat, 120 fathoms.

Remarks.—The specific name caput-Medusce, which was originally bestowed by
Lamarck on the West Indian Pe7itacrinus described by Guettard, was used by Miller,

Goldfuss, MuUer, and all later writers till the year 1864. In August of this year the

late Sir Wyville Thomson ** published a popular article on Sea Lilies, in which he ex-

pressed the opinion that the fossil Pentacrinus tnorews, a widely different species from the

TecentPentacrinus caput-Medusce, " seems, however, to have a just claim to be recognised

as the t}^;)c of the genus Pentacrinus
;
" and he therefore proposed to give the generic

name Cenocrinus to the West Indian species, for which he retained the original title

Caput-Medusa?. Llitken,' however, reverted to the original specific designation employed

by Linn£eus,^ and called the ty^e. Pentacrinus asteria. In the following year' Thomson
referred to it as Pentacrinus {Neocrinus) asterias, Linn. ; but he subsequently® gave up

1 See Wyville Thonieon, The Intellectual Observer, August 1864, p. 5.

2 The Intellectual Observer, August 1864, p. 3. 3 Om Vestindiens Pentacriner, loc. cit., p. 207.
* Systema Naturae, ed. xii., Holmiw, 1766, t. i. p. 1288. ^ Phil. Trans., 1865, p. 542.
« Proc. Roy. Soc. Edin., vol. vii., 1872, p. 765 ; and also The Depths of the Sea, p. 435.
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both the generic names Cenocrinus and Neocnnus and described the type as Pentacrinus

asteria, Linn., as Liitken had previously done.

It was clearly right ,to return to the specific name employed by Liunseus, although he

was utterly at fault as regards the generic position of the type. But every writer on the

subject, myself included, has used a wrong termination to the specific name. Linnaeus

WTote Isis asteria, which appears as Isis asterias in Mliller's edition of the Systema

Nature (Bd. ii. p. 742), published at Nuremberg in 1775 ; and this has been quoted

by de Blainville and others. But when the species came to be refeiTcd to Pentacrinus, and

the Linnean specific name was restored in place of caput-MeduscB, it should have been

written Pentacrinus asterius, the expression Pentacrinus asteria, used by Liitken, Thom-

son, and myself being a false concord ; for it is evident that the etymology of Linnseus's

name Isis asteria is the adjective da-repios, starry, and not the noun Asteria, cat's eye.

I am indebted for this tardy correction to the critical acumen of my friend Prof F.

Jefirey BelL But as it did not reach me till all the plates illustrating the type and most

of the morphological section of the Report had been printed off, 1 have been unable to

avail myself of it as fully as I should like to have done.

It is somewhat curious that this species, which for the greater part of a century was

the only known living representative of the genus, should be comparatively so little

known at the present time. But one specimen of it was ever dredged by the "Blake,"

whereas Pentacrinus decorus was obtained by the hundred ;: and even stem-fragments

were very rarely met with. One specimen was taken by Captain Cole of the telegraph

steamer " Investigator," in 320 fathoms off Saba Island ; and it is now in the zoological

collection of the Natural History Museum. The agents of Mr. Damon of Weymouth

have been successful in procuring several excellent specimens, which have been bought by

different museums, but I have not been able to examine more than a very few of them.

The preceding description is based upon the characters presented by the following

examples of the type :—A. MiUer's original specimen from Nevis, now in the geological

department of the Natural History Museum. B. One dry specimen and two others in

spirit, all in the zoological department of the same museum. C. One dry specimen in

the Hunterian collection of the Royal College of Surgeons. D. Two dry specimens

obtained by Dr. Carpenter and Sir Wyville Thomson from Mr. Damon of Weymouth. I

have not made a personal inspection of Guettard's original specimen, but when Mr. Percy

Sladen was in Paris for the purpose of investigating the collection of Asterids in the

museum, he was permitted by Prof. Perrier to examine it on my behalf; and from the

notes of its characters which he was kind enough to give me, together with the origmal

figures of Guettard, I have no doubt that it is a fairly normal specimen of the type.

Pentacrinus asterius is much more robust than any of the other recent species of the

genus, none of which have such wide stem-joints, though these are not so large as in some

fossil species. The stem also seems to grow to a greater length than that of any other recent
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type but the slender Pentacrinus decoriis. But as in so many other species it was liable

to fracture just below a node, so that the individual led a semi-independent existence; for

I have one stem-fragment in which the lowest joint is decidedly worn and its central canal

closed up by a small round boss which projects above the remaining surface of the joint.

The length of the internodes in Pentaerinus asterius distinguishes it at once from

Pentacrinus miiUeri, its nearest ally, which has similar long and stout cirri ; while the

infra-nodal joint is usually somewhat grooved to receive the cirrus-bases. This is but

rarely the case in Pentacrinus asterius, and then only to the slightest possible extent, so

that the cirrus-socket is practically limited to the articular facet, without any extension

either upwards or downwards. The stem of Pentacrinus asterius is thus very readily

identified, and the same may be said of the arms, which is rarely the case with the other

species of the genus, unless the ventral groove be examined. For the peculiar features of

the pinnules are very characteristic. They are w^ll shown in Miller's figure' and likewise

in those given by Miiller,^ who specially referred to the projections from the ends of the

pinnule-jomts. The great thickness of the basal joints in the distichal and pahnar
pinnules, especially the former, is a somewhat unusual character in a Pentacrinus. A trace

of it may be seen in some forms of PentacHnus miilleri ; but in most species of the genus
the lower joints of the first pinnules are laterally compressed, and lie close against the

arm. They thus present a great contrast to the almost cubical or prismatic basal joints

of the first pinnules in Metacrinus (PI. XLIII. figs. 2, 4). The preceding description

difiers in one important respect from those given by Mtiller and Liitken. The former

author spoke of the union between the second and third radials as an articulation, but
was somewhat obscure about its nature. He was not able to separate the two joints, but
seems to have inferred that they w^ere united by a bifascial articulation such as he found
in Antedon rosacea.^ While, however, he stated expressly that the latter type has no
muscles between the second and axillary radials, he described and figured muscles as

existing in this position in Pentacrinus caput-MeduscB.* This led Lutkeu to state* that

the existence of an articulation between the two outer radials of Pentacrinus asterius was
an important character separating it from Pentacrinus miilleri, which has these joints united

^J syzygy- Neither he nor Miiller, however, had ever actually separated the joints,

specimens being then too valuable, or the real state of the case would have become evident

at once. This was first discovered by Sir Wyville Thomson," who pointed out that there

is really a syzygj^ between the two outer radials of Pentacrinus asterius. In this respect,

therefore, this species resembles Pentacrinus miiUeri, instead of differing from it as was
supposed by Liitken. But unfortunately Sir Wyville totally misconceived the real

character of Oersted's species, and confounded it with the one previously described by

' Op. cit, p. 51, pi. ii. fig. 5. 2 Bau des Pentacrinus, p. 43, Taf. ii., iii.

» Ibid., p. 26, Taf. ii. fig. 12. 4 /j^^.^ p_ 30, Taf. ii. fig. 8.

* Om VestindJens Pentacriner, loc. cit, p. 202. " Proc. Roy. Soc. Edin., vol. -v-ii., 1872, p. 766.
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himseK under the name of Pentacrinus decorus. He was thus led to state that while the

two outer radials of Pentacrinus asterius are united by syzygy, those of Pentaainus

miilleri are articulated, a mistake almost the opposite of that made by Liitken. It is not

difficult to understand how Miiller's error arose ; for the line of syzygy is not dotted as it

is in the ComatuliB, where the apposed faces are marked by radiating ridges. There is

little or nothing of this striation on the syzygial surface of Pentacrinus asterius (PI. XII.

fio-s. 18, 21) ; and the muscular unions of the remaining calyx- and arm-joints are so very

close that there is hardly any external character by which the syzygy between the two

outer radials may be detected. Its presence is evident enough between the two joints

following each axillary, as they are shorter than their successors. But nothing of this

kind appears in the case of the radials, and as they are very apt to become slightly

separated at the edges I have found it almost impossible, especially in dry specimens, to

determine the real nature of the union without separating the joints. This was done

by Sir Wyville Thomson, whose preparations are figured in PL XII. figs. 15-25.

The basals of Pentacnnus asterius are of very variable size, like those of Pentacrinus

decorus, though not to the same extent. They are sometimes small, rounded kcobs, not

meeting one another upon the exterior of the calyx ; or larger and more prominent,

meeting their fellows in the re-entering angles beneath the radials ; but they never form

a completely closed ring of triangular or pentagonal plates flush with the radials, as they

do in Pentacrinus ivyviUe-thomsoni, Pentacrinus alternicirrus, and some other species

(PL XVIII. figs. 1-3 ; PL XIX. figs. 1, 6, 7 ; PL XX. figs. 2, 3; PL XXV.).

Liitken, Thomson, and others have endeavoured to establish as one of the characters

of Pentacrinus asterius that the nodal joints of the stem are low and simple, while those

oi Pentacrinus mUlleri and Pentacrinus decorus are thick and double, consisting of two

parts united by syzygy. This is not really the case, however. In all recent Pentacrinidse

the nodal joints proper, i.e., those which are pierced by the canals lodging the cirrus-

vessels, are always single and united by syzygy to those next below them. But the line

of junction is sometimes so nearly obliterated as to be only visible with difficulty ;
while

in other cases, such as Pentacrinus asterius (PL XIII. fig. S), it is hardly distinguishable

from the ordinary junction lines between the internodal joints, which are crenulated

much less than usual.

The following may therefore be regarded as the special marks of Pentacrinus asterius:—
a robust stem with long internodes and wide cirrus-sockets; the ray-divisions rather

irregular in number and grouping ; the projections of the pinnule-joints.

Little is known about the range of Pentacrinus asterius, either in depth or in space.

Examples have been obtained oS" Barbados, Guadeloupe, Martinique, Montserrat, Nevis,

and Salja Island ; while the only two cases in which the depth is known with certainty

are respectively 120 and 320 fathoms. Like the three other West Indian species, it is

not known to occur out of the Caribbean Sea.

(ZOOL. CHALL. EXP.—PAET XSXII.— 1884.) 39
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2. Pentacnnus mUlleri, Oersted, 1856 (Pis. XIV., XV.; PI. XVII. figs. 9, 10).

1821. Pentacrinus capuf-Medusce, Miller (pars), A Natural History of the Crinoidea, p. 46.

1843. Pentacrinus capnt-Meduscs, Miiller (pars), Abhandl. d. k. Akad. d. Wiss. Berlin, 1843, p. 185.

1845. Pentacrinus Cajnit-Medusce, Austin (pars), A Monograph of Eecent and FossU Crinoidea, p. 111.

1856. Pentacrinus MiiUeri, Oersted, Forhandl. Skand. Naturf., 7''° Mode i Christiania, 1856, p. 202.

1864. Pentacrinus Mulleri, Liitken, Vidensk. Meddel. f. d. nat. Foren. i Kj0benhavn, 1864, Nr. 13-16, p. 207.

1865. Pentacrinus {Neocriiius) Mulleri, WyvLUe Thomson, Phil. Trans., 1865, vol. civ. p. 542.

1882. Pentacrinus mulleri, P. H. Carpenter, Bull. Mus. Comp. Zool., vol. x.. No. 4, p. 170.

non Pentacrinus Mulleri, WyviUe Thomson, in Proc. Roy. Soc. Edin., vol. vii. p. 776 ; and in The

Depths of the Sea, p. 442.

non Pentacrinus Mulleri, Agassiz and Pourtales, in Bull. Mus. Comp. Zool., vols, v., vi.

32
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each ray in the following order—2,1; 1,2; or 2,1,1 ; 1,1,2, the axillaries being limited

to the outer arm of each successive paii\ Primary arms of one to three (usually two)

distiehal joints, which are united by syzygy. Secondary arms of two to seven palmar

joints, usually three. There may be one, or more rarely two, further divisions, which

are usually of three joints each, but may have five or six.

The first two joints after each axillary are united by syzygy, the epizygal, when not

itself an axillary, bearing the first pinnule. No other syzygies on the arms, which

consist of about one hundred smooth, oblong joints, tbc lowest of which have flattened

sides, and are sometimes more or less tubercular, while the outer ones overlap slio-htly.

The first pinnules are somewhat longer and stouter than the following ones, after which

the size again increases. The pinnules have a smooth, sharp dorsal edge, and are generally

composed of flattened joints, the lowest of which are slightly wider than their successors,

and are sometimes markedly prismatic.

The disk bears numerous scattered calcareous granules, but no regular pavement of

plates, and there is no plated perisome between the rays. Arm-groove moderately wide,

and closely covered by numerous, small, irregular plates. Pinnule-ambulacra have

covering plates and ill defined side plates.

Colour in spirit, white or brownish-white, somewhat darker on the pinnules.

Localities.—Guadeloupe, St. Croix, St. Thomas, Barbados; between Saba and
Eustatius Islands, 531 fathoms (Captain Cole).

The dredgiugs of the U. S. Coast Survey steamer "Blake," cruise of 1877-78, ofi"

Havana; 175 fathoms.

Cruise of 1878-79. No. 100, oft' Morro Light; 250 to 400 fathoms. No. 101, off"

Morro Light; 175 to 200 fathoms. No. 157, off"Montserrat; 120 fathoms. No. 171, off

Guadeloupe; 183 fathoms; bottom temperature, 55^° F. No. 193, off Martinique ; 169

fathoms; fine sand, dark mud, and shells; bottom temperature, 51° F. No. 218, off'

St. Lucia; 164 fathoms; bottom temperature, 56° F. No. 269, off St. Vincent; 124

fathoms ; bottom temperature, 57^° F. No. 274, off Barbados ; 209 fathoms ; fine sand

and ooze ; bottom temperature, 53^° F. No. 280, off St. Charles Lighthouse, Barbados
;

221 fathoms
;
Globigerina sand ; bottom temperature, 50^° F. No. 283, off Barbados

;

237 fathoms; hard bottom; bottom temperature, 49° F. No. 291, off Barbados ; 200

fathoms
;

flat calcareous stones ; bottom temperature, 49|° F. No. 295, off Barbados
;

180 fathoms ; hard bottom ; bottom temperature, 50f° F. No. 296, off Barbados ; hard

bottom ; 84 fathoms
; bottom temperature, 61l° F. No. V. (Bartlett), Santiago de Cuba

;

288 fathoms.

Remarks.—This species was discovered by the Danish naturalist Oersted, who brought

an example to Europe from the Danish possessions in the West Indies. It was exhibited

in the year 1856 at the meeting of Scandinavian naturalists in Christiania,^ and a brief

' Forhandl. Ska/ml. Naturf., 7'''= Mode i Christiania, IStG, p. 202.
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preliminary diagnosis of it, together with a similar notice of Pentacriniis caput-Medusce

(asterius), was published in the report of the meeting. Such was the rarity of these

Crinoids that Oersted's discovery of a new species attracted but little attention, although

an example of it from Guadeloupe had long been contained in the collection of the

Geological Society of London, and had been referred by Midler to Pentacrinus caput-

Medusce. These facts seem to have escaped the notice of Sir Wyville Thomson, who
himself described a new species {Pentacrinus decorus) in 1864, and spoke of it tmdi Penta-

crinus caput-MeduscB as the only two known living species of the Stalked Crinoids.'

Early in the next year, however, an elaborate memoir on the West Indian

Pentacrinidse was published by Dr. Liitken, which has served as the basis of most of the

subsequent work on the genus. Not only did he make a careful examination of Oersted's

original specimen of Pentacrinus mulleri, but he found that two other individuals in the

Copenhagen Museum were identical with it ; he w^as thus able both to discover some
more important points of difference between Pentacrinus mulleri and the Linnean t}^e,

and also to work out some of the individual variations in the characters of Pentacrinus

mulleri as defined by Oersted.

In his preliminary diagnoses of Pentacrinus asterius and Pentacrinus mulleri, Oersted

had already indicated the differences in the numbers of joints composing the arm-divisions

of the two species. This character was stiU further investigated by Lutken,^ who pointed

out its influence upon the external appearance of the animal. Eelpng chiefly upon the

figures of Pentacrimis asterius which were given by Miller and Mliller, he showed that

the numbers of joints in the successive arm-divisions were respectively 5 or 6, 9
or 10, and 12. In Pentacririus mulleri, on the other hand, these numbers are 2;
2-4

; 3 ; and 3-5 ; and it is almost always only the two outer arms on the ray
which divide at all, so that the arms of any ray wth secondary axillaries would be
represented by the expression 2,1; 1,2; and by 2, 1,1 ; 1,1,2, if tertiary axillaries be
present. This is a sort of indication of the inequality of the arm-divisions of Extra-
crinus, and is tolerably constant in Pentacrinus mulleri, though not limited to that

species, for it is visilile in Pentactinus asteiius, as detected by Quenstedt ^ in Miller's

figure.

After the publication of Llitken's Memoir, Pentacrinus rniilleri. Oersted, came to be
recognised as a type distinct from the old Pentacrinus asterius. It was referred to by
Sir Wyville Thomson,* together with Pentacrinus asterius and Pentacrinus decorus, so

that he evidently regarded it as distinct from both of them. Later on, however, he
seems to have come to the conclusion that his Pentacrinus decorus was identical with

Oersted's species. For having previously said that Pentacrinus asterius and Pentacrinus
decorus were the only two known Ibnag species of the genus, he made nearly the same

1 Sea Lilies, The Intellectual Observer, August 1864, p. 1. 2 Qm Vestindiens Pentacriner, loc. cit, p. 203.
3 Encriuiden, p. 190, Tab. 97, fig. 3. i Phil Trans., vol. civ., 1865, p. 542.
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statement concerning Pentacrinus asterius and Pentacrinus miilleri} He likewise

repeated most of his original description of Pentacrinus decorus as a diagnosis of Penta-

crinus miilleri, with a reference under the latter name to the specimen which he had

before him when describing Pentacrinus decorus. He stated that the two outer radials

of Pentacrinus asterius were united by syzygy, and further added that " the arrange-

ment of the joints and the syzygies in the eup is the same in Pentacrinus miilleri as in

Pentacrinus asteria, only the syzygy between the second radial and the radial axillary is

not so complete." This passage obviously refers to a ligamentous articulation as distin-

guished from a true syzygy on the one hand, and from a muscular joint on the other

;

and it is by no means in accordance with Liitken's very positive statements as to the

presence of a true syzygy between the two outer radials of Pentacrinus miilleri. Neither

does Sir Wyville's description of the nodes as occurring about every twelfth joint agree

with Liitken's diagnosis, which records only four to ten internodal joints in Pentacrinus

miilleri. As a matter of fact there are eleven or twelve internodal joints in Pentacrinus

decorus, and there is no syzygy at aL. between the two outer radials, but only a bifascial

articulation such as occui's in the majority of the Neocrinoidea, and has often been

wrongly spoken of as a syzygy, though clearly distinguished from it b)^ MiiUer. This is

shown in figs. 3 and 6 on PI. XXXIV., a copy of which was lettered " Pentacrinus miilleri,

Oersted," by Sir WjrsriUe Thomson. I canjiot but think, however, that if he had lived to

work out the " Blake " collection more fully than he was able to do before his health gave

way, he would have retained his original views as to the distinctness of his Pentacrinus

decorus from Pentacrinus miilleri. Oersted. The result of this confusion was that the

numerous specimens of Pentacrinus decorus which were dredged by the " Bibb " and the

"Blake" in the Gidf Stream and in the Caribbean Sea were referred to Pentojcrinus

miilleri by Pourtales and Agassiz.^ The two species have really no sort of resemblance

to one another, differing in all the characters of the stem, the cirri, the calyx, and the

arms.

The foregoing description is based upon an examination of [four specimens from the

" Blake" collection, two purchased by Sir WjrviUe Thomson from Mr. Damon, one in the

collection of Sir Eawson Eawson, and lastly that in the Museum of the Geological

Society of London, which is mentioned by both Miller and MiiUer as Pentacrinus caput-

Medusce.

Pentacrinus miilleri is readUy distinguished from Pentacrinus asterius, which is its

nearest ally, by the shortness of the internodes and the modification of the hypozj'gal

joints, which, however, is far less marked than in Pentacrinus decorus. The basals

generally form a complete ring ; while the Inixnching of the arms is much more regular

' Proc. Roy. Soc. Edin., vol. vii. p. 766 ; aud The Depths of the Sea, pp. 434, 435 ; see also The Atlantic, vol. ii.

p. 126.

- Bull. Mus. Comp. Zobl, vol. i. p. 357 ; Ibid., vol. v. pp. 56 and 214 ; Ihid., vol. vi. p. 296.
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tEan in Pentacrinus asterius. There are fewer joints between tlie successive axillaries,

and the characters of the j^innules are altogether different. In these latter points Penta-

crinus miilleri closely resembles Pentacrinus maclearanus (PI. XVI.), Pentacrinus

wyville-thomsoni (PL XVIII. fig. l), and Pentacrinus alternicirrus (PI. XXV.). But

the first named has only one or two intemodal joints in the stem, while Pentacrinus

wyville-thomsoni has from thirty to forty-five, so that they are both readily distinguish-

able from Pentacrinus miilleri ; while the grouping of the cirri on the stem of

Pentacrinus alternicirrus is suflUcient to distinguish this species at once.

So far as I can judge from the material at my disposal, Pentacrinus miilleri is

certainly the most variable of the Pentacrinidse with the exception of Pentacrinus

decorus. The stem does not seem to reach the length which it attains both in the latter

species and in Pentacrinus asterius. In one instance it is rounded off at the twelfth node,

only 135 mm. from the calyx, and Rhizopods are attached to the under surface of the

lowest nodal joint. Another stem tapers gradually downwards from a width of 5 mm. at

the calyx to 3 mm. at the sixteenth node, where it is rounded off 185 mm. from the calyx.

The length of the internodes varies a good deal in different individuals, though as a

rule it is tolerably constant in any given stem. The component joints are usually thick

and thin alternately. This is very marked in the specimen represented in PI. XIV.,

though not well shown in the figure ; while in other cases the joints are more equal in

height, as shown in PL XV. fig. 4. This figure should be compared with the correspond-

ing one of Pentacrinus asterius (PI. XIII. fig. 8), in which the cirrus-sockets are not so

deeply hollowed as they are in Pentacrinus miilleri. Their shape, too, is somewhat

variable in the latter type. In some stems (PL XV. fig. 4) they are transversely oval as

in Pentacrinus asterius (PL XIII. figs. 4, 8), though not reaching so near the top of the

nodal joint. But they always extend slightly downwards on to the hypozygal, which is

not the case in that species. In other examples, however, the hypozygal is deeply

grooved to receive the bases of the cirri, and the sockets thus become more circular in

form ; so that it appears as if the cirri were borne conjointly by the two syzygial joints.

This has been described as an important difference between Pentacrinus miilleri and

Pentacrhius asterius, but erroneously so ; for the whole of the articular surface is always

on the nodal joint, which is the only one pierced by the canals lodging the cirrus-vessels.

The cirri, though always stout, are considerably shorter in some forms than they are

in others ; and while some of them have quite smooth terminal joints, those of other

individuals bear small blunt processes which never, however, reach to the size of a spine.

The "Blake" collection includes a curious fragment of a stem which had broken

between a nodal joint and the first joint of the internode above it. The upper part of

_, the stem and the calyx are missing ; but six irregularly shaped joints have been added

above the node. One would like to know whether this reparation would ever have

resulted in the formation of a new calyx and arms. Such an extensive reparation
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seems scarcely possible, though the development of a new visceral mass inside the calyx

is not uncommon.

As in Pentacrinus asterius, there is a considerable variation in the development of the

basals. In the Copenhagen specimens described by Liitken, and in some of those which

I have examined, they are pentagonal in outline and form a closed ring separating the

radials from the top stem-joint. In other forms they are more prominent and

rhomboidal or triangular in shape, but only just meeting one another in the re-entering

angles of the calyx (PI. XIV.; PL XV. fig. 2); while in Sir Rawson Rawson's specimen

they are small and inconspicuous (PI. XV. fig. 1), as in some varieties of Pentacrinus

decorus (PI. XXXVI. ).

The number of arms may vary from thirty-five to forty-five, some individuals occa-

sionally having ten arms to the ray. Generally, though not invariably, the axillaries are

limited to the outer arm of each pair in the manner already described ; but I have not

seen any individual in which the six- or eight-armed .arrangement is constant on every ray.

As there are very few joints separating the axillaries, there is comparatively little room

for the arms, the bases of which are therefore more or less flattened laterally, both

in the outer and in the inner parts of the rays. In fact, wherever an axillary occurs the

two arms which it bears have their inner faces flattened, while the outer sides of the rays

are flattened continuously from the second radials to as far as some six or eight joints

beyond the fifth axillary.

This feature is especially marked in two fine specimens from the " Blake" collection,

which are also distinguished Ijy the shape of their lower pinnule-joints. One is from

Martinique and the other from Barbados. The calyx and arm of the former are repre-

sented on PI. XV. figs. 2, 3. The outer edges of the joints from the second radial

onward are produced somewhat sharply upwards, and fit closely against those of adjacent

joints. This is less prominent in the Barbados specimen, which shows an occasional

tendency towards carinatiou of the arm-bases. The other form is remarkable for the

abnormal condition of one of its rays, as shown in PL XV. fig. 2. The third radial is

articulated to the second instead of being united to it by syzygy. But it is itself a

syzygial joint; so that there are primitively four radials, a character which indicates a

tendency to variation in the direction of Metacrinus with its five or eight primitive radials

(PL XXXIX. fig. 1 ; PL XLVI.). The pinnules of these two individuals are also diff'erent

from those of other examples of the type. They are generally composed of moderately

broad, flattened joints, the lowest of which are somewhat stouter than their successors.

But in the two " Blake " specimens the pinnules are less flattened than usual, and the

lower joints markedly trihedral in form, recalling, though in a less degree, the j)rismatic

.shape of the pinnules, which is characteristic of Metacrinus (PL XXXIX. fig. 1 ;

PL XLIII. fig. 4).

The plating of the disk of Pentacrinus miilleri (PL XVII. fig. 10), like that of
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Pentacrinus decorus (PI. XXXIV. fig. 2), is far less complete than in Pentacrinus

asterius. There is no trace of the large polygonal plates on the perisome between the

rays which we find in the latter species (PI. XIII. fig. l), and those on the ventral sur-

face of the disk are smaU and scattered, often being mere granules. The ambulacral

skeleton too is imperfectly developed. The covering plates of the pinnules do not rest

upon distinct side plates, but only upon an almost undifferentiated limestone band

(PL XV. figs. 8, 9 ; PI. XVII. fig. 9).

3. Pentacrinus inaclearanus, Wyville Thomson, 1877 (PI. XVI. ; PI. XVII. fig. 1).

1877. Pentacrinus maclearanus, Wyville Thomson, The Atlantic, vol. ii. pp. 123-126. I'l' ^
'

•^

Dimensions.

Total length {fide C. W. T.),

Length of stem, rounded o£E at twelfth node,

Diameter of stem, .....
Longest cirrus (twenty-five joints), .

Diameter of calyx, .

Length of arm (sixty-eight joints), .

Length of pinnule on first free brachial (ten joints),

Length of j)innule from middle of arm (fifteen joints).

13 '00 cm.

34 00 mm.
5-25 „

28 '00 „

9-00 „

80-00 „

7-00 „

14-00 „

Description of an Individual.—^teva. short and pentagonal, with rounded angles,

terminating below at the twelfth node. The internodes consist of only one or two

comparatively thin joints. Nodal joints thicker, with enlarged and prominent angles

;

the cirrus-sockets, occupying almost their whole height, are circular or slightly oval in form,

with a well-defined rim which extends downwards on to the infra-nodal for a variable

distance. The cirri consist of twenty to twenty-five stout joints of tolerably equal size,

with a small terminal claw and no opposing spine. Interarticular poi-es scarcely visible.

Basals rhomboidal, just in contact laterally, and extending slightly downwards over

the uppermost stem-joints. Rays and their subdivisions in close lateral contact, the

joints as far as the tenth or twelfth brachial having flattened sides. The two outer

radials united by syzygy. Primary and secondary arms each of two joints also united by

syzygy. Total number ofarms thirty-one, i.e., usually six to each ray in the following order

—2, 1 ; 1,2; palmar axillaries being generally develojaed only on the two outermost of the

four secondary arms. A tertiary axillary in one ray. The two lower brachials united by

syzygy, the epizygal bearing a pinnule. No other syzygies on the arms, which consist of

about seventy short and wide, oblong joints, overlapping very shghtly at the base.

The lowest pinnules are much shorter than their successors, and have only ten or

twelve joints, the basal ones being trihedral and the outer ones flattened. The middle

pinnules much longer, with about fifteen more rounded joints.
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The disk is only partially visible, but seems to have a tolerably regular pavement of

small plates. Arm-groove exceedingly narrow, the ambulacral plates being limited to the

pinnule-bases. The pinnules have well defined covering plates with occasional faint

indications of side plates.

Colour in spirit, brownish-white.

Xoc«%.—Station 122, August 10, 1873; lat. 9° 5' N., long. 34° 50' W. ; 350 fathoms;

red mud. One specimen.

Remarks.—^The leading characters of this elegant species were well described by Sir

Wyville Thomson in The Atlantic. Its nearest allies are Fentacrinus millleri (PI. XIV.),

Pentacrinus wyville-tJiomsoni (PI. XVIII. fig. l), and Pentacrinus alternicirrus

(PI. XXV.), all of which it resembles very closely in the regularity and grouping of the

arm-divisions. The stem, however, is totally difi"erent from that of Pentacrinus wyville-

thomsoni with its long internodes, and the number of arms is also greater than is usually

the case in this species. Pentacrinus mUlleri and Pentacrinus altei-nicirrus approach it

most closely, having relatively short internodes ; but the arrangement of the cirri on the

stem of the latter species distinguishes it at once. Pentacrinus maclearanus closely

resembles some specimens of Pentacrinus millleri in the shape of the nodal joints ; but,

apart from the characters of the intfernodes, it is readily identified by the unusual

shortness of its lowest pinnules and the more rounded form of the joints in the later ones.

The close approximation of the nodal joints, and the downward curvature of the

cirri, too-ether with the sHght downward extension of the basals and the grouping of the

arms, are of interest as recalling the Liassic Extracrinus hriareus.

Only four cirri are present at one of the nodes, the fifth socket being totally absent.

This indicates a variation in the direction of Pentacrinus alternicirrus, which has only

two or three cirri at each node (PI. XXVI. figs. 1-3).

4. Pentacrinus wyville-thomsoni, Jefi'reys (PI. XVII. figs. 2-6 ; Pis. XVIII.-XXIV. ;

PI. LVII. fig. 1).

1870. Pentacrinus WyviUe-Thomsmiv, Jeffreys, Proc. Roy. Soc, 1870, vol. xix. p. 157.

1872. Fentacrinus wyville-thoynsoni, "Wyville Thomson, Proc. Roy. Soc. Edin., vol. vii. p. 767; and The

Depths of the Sea, p. 444.

Dimensions.

24-00 cm.

155-00 mm.
80-00

Total length, .

Longest stem, rounded off at seventh node,

Shortest stem, rounded off at fifth node.

Diameter of stem,

Longest cirrus (nineteen joints),

Diameter of calyx,

Diameter of disk,

Length of arm (seventy joints),

Length of pinnule on first free brachial (ten joints),

Length of pinnule from middle of arm (twenty-one joints),

(ZOOL. CHALL. EXP.—PART XXXII. 1884.)

3-50

24-00

7-20

9-75

100-00

10-00

24-00

lilO
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X.B.—Examples of this species have been distributed to several museums, and onlv

a few have come into my hands ; so that the first three of the measurements oiven above

must not be taken as intlicating the whole range of variation throughout all the indi^dduals

which were dredged by the " Porcupine."

Stem smooth and moderately robust, but of no great length. The upper part is

pentagonal with rounded angles ; but the lower portion of an old stem is almost perfectly

circular. Thirty to forty, and occasionally more, internodal joints with crenulated edges

which are less distinct below. Nodal joints enlarged, with sharp angular ridges which

stand out prominently between the cirrus-sockets. These are transversely oval, and

occupy the whole height of the nodal joint, which projects outwards over the upper edge

of the infra-nodal, while the supra-nodal is slightly grooved to receive the bases of the

stout cii-ri. These consist of about eighteen tolerably equal, smooth, and thick joints, the

lowest of which ai'e broader than their successors, especially in mature indi^•iduals.

Terminal claw small, without an opposing spine. The lowest limit of the interarticular

pores is a little on either side of the fourth node.

Basals pentagonal, but sometimes approaching the triangular, s\'ider than liigh, and

forming a closed ring. The raj's and their subdivisions in close lateral contact, the first

five or six joints after the cUstichal axillaiy ha-s-ing flattened sides. The two outer radials

imited by syzygy. Fourteen to twenty-two arms, distichal axillaries being often absent,

and pakaars very mre. Primary and secondary arms each of two joints united by syzygy
;

the first two brachials united in the same way, the epizygal bearing a pinnule. The arms

of about seventy smooth, oblong joints in which syzj-gies are very rare.

The first pinnules quite short, consisting only of nine or ten joints, the lowest of

which are broad and flat, the later ones longer and more slender. The foUo^sing pinnules

increase rapidly in size, and soon become long and tapering, consisting of about twenty

smooth, elongated joints, the lowest of which are slightly flattened. Disk completely

covered with a pavement of small plates, as is the brachial perisome above the muscular

bundles. Arm-groove moderately wide, and bordered by a discontinuous series of

ambulacral plates. The pinnule-ambulacra have covering plates, but very ill defined

side plates.

Colour grass-green, becoming white in spirit, which acquires a ptirplish-red tinge.

Xoc«%.—H.M.S. "Porcupine," 1870. Station 17 ; lat. 39° 42' N., long. 9° 43' W.;
1095 fathoms ; ooze ; bottom temperature, 39°7 F. About twenty specimens.

Also the "Talisman," 1883; off" the Morocco Coast: and again ofi" Eochefort

;

lat. 45° 59' 30" X., long. 6° 29' 30" W. of Paris ; 1500 metres (800 fathoms).

RemarJcs.—This fine species was first obtained by Dr. Gv>-ya Jefire^'s during the

" Porcupine " expedition of 1870 ; and it was dedicated by him to his friend and colleague

Sir AYyviUe Thomson in the general account of the voyage which was published in the
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Proceedings of the Royal Society. It was not described, however, till the year 1872,

when Sir Wyville contributed a notice of the " Porcupine " Crinoifls to the Ptoyal Society

of Edinburgh ; and in the following year he reproduced this description in The Depths

of the Sea, together vnih a woodcut which gives a very fair idea of the principal char-

acters of the tj-pe. All the entire specimens obtained were dredged at Station 17 ;
but

a few fragments of stem and arms were also met with at Station 17a (740 fathoms),

together wuth ten specimens of Antedon lusitanica. Thirty specimens were recently

dredged by the " Talisman" m 1500 metres off Piochefort. Dr. Gywn Jeffreys' records

that " portions of the arms occurred in several other of the ' Porcupine ' dredgings on

the Lusitanian coasts; and joints of apparently the same species have been found*

by Prof. Seguenza in the Zanclean formation or older Pliocene near Messina." The latter

point, however, can hardly be properly decided without a careful study of both types.

In the structure of the ray-divisions and arms, Pentacrinus wyville-ihomsoni is closely

related to Pentacrinus miilleri, Pentacrinus maclearanus, and Pentacrinus alternicirrm,

especially the latter ; but it is at once distinguished from them all by the shape of the

nodal joints, the short stout cirri which they bear, and the great length of the intemodes

which separate them. It is also remarkable for the manner in which the stem ends below

in a nodal joint which Ls closed up beneath and rounded off, as .sho^s-n in PI. XXII. fig. 27.

According to Sir Wj-ville Thomson ' " all the stems of mature individuals of this species

(which were cbedged by the ' Porcupine ') end imiformly in a nodal joint, surrounded

with its whorl of cirri, w^hich curve downwards into a kind of grappling root (PL XIX
fig. 1). The lower surface of the terminal joint is in all smoothed and rounded, evidently

by absorption, showing that the animal had for long been free " (PI. XXII. fig. 27). The

positions of this terminal nodal joint and the corresponding length of stem in three

individuals which I have examined are as follows :—stem 80 mm. long, terminating at

the fifth node ; stem 90 mm. long, terminating at the sixth node ; stem 155 mm. long,

terminating at the seventh node.

The zoologists of the " Talisman " claim to have proved, however, that Sir WyviUe

Thomson was wrong in his belief that the individuals dredged by the " Porcupine " were

leading a semi-free existence, loosely rooted in the soft mud. In one of a series of

popular articles by Mons. H. Filhol,' a member of the " TaEsman " expedition, it is stated

that Sir "Wyville came to this conclusion after having examined one of the " Porcupine
"

specimens ; and a free translation is given of the last sentence of the paragraph just

quoted, from which, however, the words "in all" are entirely omitted. It is thus made

to ajjpear as if Sir Wp-ille had drawn his conclusions from the condition of only one

example of Pentacnnus u-yville-thomsoni, which Is very far from being the case ;
while

he also stated in the next paragraph to that quoted by Filhol that he had remarked

' Proc. Bey. Soe., 18V0, voL xii. p. 157.

* Ptoc. Soy. Soc. Edin., vol. viL p. 767 ; The Depths of the Sea, p. 444.

2 Exploratioos sons-marines, Voyage du " Talisman," La Xature, No. 568, April 19, 1884.
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the same character "as occurring in some specimens of Fentacrmus mulleri," i.e., the

type now known as Pentacrinus decorus.

Filhol continues, however, " nous avons constate, apres avoir remonte des debris de

roches, que ces animaux vivaient, contrairement a ce que Ton avait cru pouvoir supposer,

completement fix^s par des cirres recourbes se detachant de I'articulation terminale de la

tige. Ces sortes de crochets se soudent en quelque sorte avec le fond sur lequel ils

reposent et il faut les briser pour les detacher. Par consequent les Pentacrmus Wyville-

Thmnpsoni (sic), que Ton a recontres libres, avaient dt\ etre arraches a la suite de quelque

accident du fond sur lequel ils vivaient, car il parait bien difficile d'admettre que les

memes animaux en des points divers de 1'ocean aient des modes d'existence diiFerents."

The observations here recorded are undoubtedly of great value ; but the conclusions

drawn from them by Filhol appear to me to be somewhat rash. The " Talisman " speci-

mens of Pentacrinus wi/ville-thomsoni seem to have been living on a stony or rocky

bottom ; and in fact Prof. Perrier ' records that " plusieurs ont ete ramenees avec les

cailloux sur lesquels ds sont fixes." There can be no question therefore that Pentacrinus

ivyviUe-thomsoni lives in a permanently fixed condition on a hard bottom. But the

" accident " which is supposed by Filhol to have liberated some fifteen fixed individuals

must have been of a rather extensive character ; and it must further have taken place at

a sufficiently long time before they were dredged by the " Porcupine " for the lowest nodal

joint of one of them to have lost its natural appearance (PI. XXII. fig. 20) and have

become enlarged and rounded as shown on PI. XXII. fig. 27. But in other specimens the

.
lowest nodal joint is far less modified. It retains its pentagonal shape and the thickened

rim of the syzygial face, in the centre of which there is a small rounded tubercle covering

the opening of the central canal. If all these specimens had been detached by one

general "accident" anterior to the arrival of the "Porcupine's" dredge and tangles

among them, their lowest nodal joints should have been in the same condition and not

in difierent stages of modification. The same " accident " must have happened to the

Pentacrinus decorus of the Caribbean Sea and to the Pentacrinus maclearamis of the

Challenger dredgings, both of which were described by Sir Wyville as having the stems

closed up at a modified nodal joint ; but Filhol makes no reference whatever to these two
types. He does not appear to dispute the fact that the " Porcupine " individuals of

Pentacrinus ivyviUe-thomsoni were free when captured ; but he regards the observations

of the " Talisman " as proving that this condition was not a natural one. Sir Wyville ^

believed that although the Pentacrinus, like the young Comatida, " was doubtless attached

in its early days, it appears to have finally parted from its attachment, and to have led a

free life
;

" and he pointed out that the syzygial union of the stem-joints at the nodes

facilitated the rupture of the stem, just as is the case with the syzygies in the arms. His

^ L'Expt'dition du Talisman, Eevm Scientifique, No. 24, December 15, 1883, p. 741.

2 Sea Lilies, The Intellectual Observer, August 1864, p. 7.
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theory accounts for the varying conditions of the lowest nodal joint which are presented

by different intlividuals ; while the " accident " hyjiothesis of Filhol's does not explain

this fact at all, unless he means that some individuals had become detached at one time

and some at another. But tliis is precisely what Sir Wyville believed ; only he regarded

it as a natural event corresponding to the separation of the centro-dorsal of a Comatula

from the rest of the stem below it, which appears to me to be a more rational explanation

of the facts than that suggested by Filhol.

It is possible that the " accident " referred to by the latter author may not mean
the fracture of the stem at a syzygy beneath a nodal joint as I have supposed above,

but a separation of the stem from its anchorage by the 'lowest whorl of cirri. This would

account for the modification of the nodal joint in the " Porcuj)ine " specimens ; for in the

figure which Filhol gives to illustrate the mode of attachment of those dredged by the

" Talisman," the lowest nodal joint is represented as not in contact with the rock beneath, to

which its cirri are soldered ; so that it might very well have lieen thickened and rounded

in the manner described above. But this supposition, while removing one difficulty, only

introduces another. The " Porcupine " specimens were living on a bottom of ooze at a

depth of 1095 fathoms, considerably greater than the 1500 metres (800 fathoms) at which

the " Talisman " examples were discovered on a rocky or stony bottom. Now in the

first place, the cirri could not solder themselves to this ooze with such firmness that they

would break rather than loose their hold ; and secondly, there is no trace of such a

connection in the cirri borne by the modified lowest nodal joint of any of the " Porcupine
"

specimens. For in some individuals (PL XIX. fig. l) they are as perfect as those at the

nodes above them, and not broken as they were in the detached specimens dredged by

the " Talisman." In the case of Rhizocrinus, however, the attachment of the radicular

cirri to stones and shells by slight calcareous expansions is well known (PI. X. fig. 15).

All the Challenger Pentacrinidse, with one exception, were dredged from mud or ooze,

and though the stems of several of them terminate below in a rounded nodal joint as in

the " Porcupine " examples of Pentacrinus ivyville-thomsoni, I have seen no traces of

their being attached by the cirri of the lowest whorl soldering themselves to the bottom,

as described by the French zoologists.

The condition of four species of Pentacrinus which I have carefully examined with

reference to this point appears to me to show conclusively that these observations have

by no means the general application which is claimed for them. The internodes of

Pentacrimis ivyville-thomsoni are very long, while the cirri are short (PI. XIX. fig. l), so

that only those of the lowest whorl can come in contact with anything beneath the lowest

nodal joint. But the case is far different in many other species, among which I select

four for special consideration, as they are represented by individuals in which the lowest

whorls of cirri are better preserved than usual. In the present condition of many of the

specimens several of the cirri on the stem are more or less broken ; and though in the
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case of the lowest whorls this may be due to the cirri having been soldered to the bottom

by calcareous expansions, I have never seen any traces of such a condition.

In the first place, there is a stem-fragment of Pentacrinus asterius, consisting of a few

internodal joints witli a nodal joint beneath them which is somewhat worn and has its

central canal closed up by a low rounded tubercle ; so that it must have been detached

for some time from the infra-nodal joint which completed the syzygy. But all the cirri

borne by this modified nodal joint are perfect throughout their whole length, nearly

70 mm., and were most certainly not soldered to the bottom at the time the animal Avas

captured.

Then again, in a fine Pentcocriniis miilleri from Martinique with a stem 120 mm.
long, which is closed below at the thirteenth node, all the cirri of this node are perfect

from the base to the terminal claw. They reach 50 mm. in length, and are spread out

in difi"erent directions, two being curved sharply upwards, while the others are more or

less horizontal. Their general appearance is very similar to that of the long cirri of

Antedon phalangium. But not one of them shows any trace of having been soldered to

the bottom. The cirri of the next four whorls above are all long enough to have touched

the bottom had the animal been attached like the individuals of Pentacrinus wyville-

thomsoni dredged by the "Talisman." Eight of these twenty cii-ri, four in the first

whorl, two in the next, and two in the highest one, are now more or less broken ; l)ut

this is clearly due to accident, and not to the fracture of an attachment. The same may
be said of a specimen of Pentacrinus miilleri in the Natural History Museum, which has

a stem 135 mm. long, with several of the lower cirri remaining unbroken; while the

under surface of the twelfth nodal joint at which the stem ends is worn and somewhat

rounded, and bears two or three attached Foraminifera. The animal cannot, therefore,

have been attached by the base of the stem, though the cirri may have been soldered to

the bottom ; but their appearance is against this supposition.

The same remarks apply to Pentacrinus alternicirrus, in which the cirri reach 50 mm.
in length. Those of the four or five lowest whorls turn more or less directly downwards,

and all reach below the level of the terminal nodal joint, which may be anywhere between

47 and 155 mm. from the calyx. But none of these cirri in any of the twelve individuals

which I have examined show any signs of having been soldered to the bottom. Many of

them are now broken ; but others are quite perfect, though they must have been in

contact with the bottom, had the animals been permanently anchored like the " Talisman
"

examples of Pentacrinus wyville-thomsoni. The single Pentacrinus dredged by the

Challenger on hard ground belonged to this species ; and as all the cirri of the lowest

whorls are more or less broken, it is cjuite possible that they may have been torn away
from a permanent attachment to the bottom. Another conclusive argument against the

general application of the " Talisman " observations is afforded by the condition of the

single specimen of Pentacrinus maclearanus which was dredged by the Challenger from a
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bottom of red mud (PI. XVI. fig. l). The cirri, though short, are very closely set, and those

of the five lowest whorls bend downwards underneath the last nodal joint and interlace

with one another so as to form a kind of basket-work just like that beneath the centro-

dorsal of a Comatula with many cirri, such as Antedon eschrichti. This led Sir Wyville

Thomson ^ to remark that " from the attitude of the cirri and from the appearance of the

end of the stem there can be no doubt that this specimen is complete, that it is mature,

and that it was living in an unattached condition." I do not well see how this statement

can be disputed. Neither do I understand the difliculty of admitting that the mode of

life of a Pentacvinus may vary in different localities. The Comatulse are fixed when young,

and semi-free when mature, attaching themselves by their cirri to various ol>jects ; but

some sjjecies (Actinometrajukesi and Actinometra stellata, Sec.) eventually lose their cirri

altogether, and must then Hve an absolutely free life. The Palaeozoic Agassizocrinus and

Edriocrinus were attached when young, but subsequently became perfectly free. Con-

sidering that these great changes take place during the life of a single individual, I fail to

see the difficulty of admitting that a particular species of Pentacrinus can adapt itself to

the conditions of its existence, some young individuals fixing themselves permanently when

they have the ojaportunity ; while others living on soft ooze in deeper water separate

themselves from their original anchorage and lead a partially free existence, being only

attached temporarily, just as a Comatula is. A precisely similar ease to that oi Pentacrinus

wyville-thomsoni is presented by Pentacrinus decorus. Some individuals are firmly

fixed to telegraph cables by the spreading base of their stem, wjiile others have been

found in the semi-free condition.

Circumstances alter cases ; and the question of the natural freedom of the individual

represented in PI. XIX. fig. 1, which has five perfect cirri on a rounded nodal joint at the

base of the stem, is by no means negatived, because the " Talisman " found several others

attached by calcareous growths roimd the cirri of the lowest whorL The French

zoologists, however, appear to consider that this observation proves Sir WyviUe to have

l)een wrong ; whereas, on the contrary, the dredgings of the Challenger and the " Blake"

have confirmed his views in the most satisfactory manner.^

Except at the lowest nodal joint the cirri of Pentacrinus wyville-thorasoni appear to

be usually directed upwards (PL XVIII. figs. 1,3; PL XIX. fig. 1) ; and the supra-nodal

joint is accordingly slightly grooved for the reception of the cirrus-bases (PL XIX.

figs, 3, 4 ; PL XXII. fig. 17) instead of the infra-nodal joint as is so markedly the case

in Pentacrinus blakei and Pentacrinus decorus (PL XXXI. figs. 1, 3 ; PL XXXIV. fig. 1

;

PL XXXVI. ), in which the cirri are usually directed downwards. In this respect, there-

fore, Pentacrinus tvyville-thomsoni presents an approach to the genus Metcwrinus, in

1 The Atlantic, vol. ii. p. 126.

^ Much of what has been written above would have appeared more suitably in Chapter II. pp. 18-22, where the

mode of life of the Pentaerinidfc is discussed. But as Filhol's article did not appear till after this chapter had gone to

tlie printers, and did not come \inder my notice till five months later, I have been obliged to take up the subject again.
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which the upward direction of the cirri and the grooving of the supra-nodal joint ae

tolerably constant characters (PL XXXVIII. ; PL XXXIX. figs. 3, 9 ; Pis. XL., XLIL,
XLV. ; PL XLVII. figs. 1, 2 ; PL XLVIIL).

Another small point of resemblance between the European Pentacrinus and the

Pacific Metacrinus is the slight tendency sometimes shown by the basals of the former to

send median downward extensions over the interradial ridges at the top of the stem
(PL XVIIL fig. 2), for this character is very generally distinctive of Metacrinus

(PL XXXIX. fig. 1 ; PL XLIII. figs. 1, 3 • PL XLVIIL). The basals of Pentacrinus

ivyville-thomsoni are almost always markedly pentagonal, the height being decidedly

greater in the middle than at the sides, where, however, it is usually distinctly appre-

ciable (PL XVIIL fig. 3 ; PL XIX. figs. 1, 6, 7 ; PL XX. fig. 3). Sometimes, however,

they become almost triangular in outline (PL XVIIL figs. 1, 2), and one or more of them
occasionally fail to meet their fellows, a variation which is more frequently met with in

Pentacrinus miilleri (PL XV. figs. 1, 2) and Pentacrinus naresianus (Pis. XXVIII.

,

XXIX.).

The number of arms in Pentacrinus wyville-thomsoni is comparatively small, being

sometimes as low as fourteen ; for two or even three of the rays may have no axillary

but the third radial, as is sometimes the case in Pentacrinus decorus (PL XXXV.); and the

distichal axillaries, when present, rarely occur all round the cup (PL XVIIL fig. 3). The
examples figured in PL XVIIL figs. 1, 2, and PL XIX. figs. 1, 6, 7, are some of those

with the greatest number of arms, a tertiary (palmar) axillary being occasionally present

beyond the distichal ; but I do not know of any specimen in which the number of arms

exceeds twenty-two.

The disk (PL XVII. fig. 6) is closely covered by a pavement of anambulacral plates,

several of which are pierced by water-pores. These are almost entirely absent in the anal

interradius, in the proximal part of which the plates are closer set than usual, and arranged

into two lateral groups. At first sight these look like large single plates, and are

suggestive of orals, but they become resolved on further examination into smaU and very

closely set plates. The ambulacra of the disk are protected by u-regular plates which

cover them in completely in the dry state. They are more regularly arranged on the

arms, but are discontinuous on alternate sides between the pinnule-bases (PL XVII. fig. 4)

;

and the perisome covering the muscular bundles is hkewise plated, as in the aUied

Pentacrinus alternicirrus (PL XXVII. fig. 6). The covering plates of the pinnule-

ambulacra are not very distinctly marked off from the lateral calcareous band, especially

at the bases of the pinnules ; and this band itself is but very imperfectly differentiated

into side plates (PL XVII. figs. 2, 3).

Unlike many of the Pacific Pentacrinidse, which were white when fresh, living

examples of Pentacrinus wyville-thomsoni have a beautiful grass-green colour. This

becomes duller in spirit, which acquires a purplish-red tinge. Prof. Moseley kindly



195



322 THE VOYAGE OF H.M.S. CHALLENGER.

and styliform, consisting of about twenty smooth, flattened joints with sharp dorsal

edges. The disk is completely covered with a pavement of small plates, as is the brachial

perisome above the muscular bundles. Arm-groove moderately wide, and bordered by a

discontinuous series of ambulacral plates. The pinnule-ambulacra have covering plates,

and sometimes moderately distinct side plates.

Colour in spirit, yellowish-white, sometimes retaining a rosy tinge.

Localities.—(Station 171, July 15, 1874 ; near the Kermadec Islands; lat. 28° 33' S.,

long. 177° 50' W. ; 600 fathoms; hard ground; bottom temperature, 39°'5 F. One

specimen.

Station 214, February 10, 1875 ; off the Meangis Islands ; lat. 4° 33' N., long. 127° C E.

;

500 fathoms ; blue mud ; bottom temperature, 41°"8 F. Several specimens.

Uncertain—Station 210, January 25, 1875 ; ofi" the Panglao and Siquijor Islands ; lat.

9° 26' N., long. 123° 45' E. ; 375 fathoms ; blue mud ; bottom temperature, 54°-l F.

Some of the fifteen specimens sent to me were without labels ; and I strongly suspect

that this species, together with Pentacriniis naresianns, three examples of which are

without labels, are those referred to by Sir Wyville, who recorded in his journal that

four specimens of two species of Pentacrinidse were dredged at Station 210; for the

collection contains no specimens at all with the label of this Station.

Remarks.—Pentacrinus alternicirrus, like Pentacriniis xvyville-thomsoni, appears to

be pre-eminently one of those which lives in a semi-free condition, the stem having been

broken at a nodal joint, the syzygial face of which becomes worn and more or less rounded,

and has its central canal closed up. The following list shows the position of this terminal

nodal joint and the corresponding length of the stem in twelve specimens.

Stem, 47 mm. long and terminating at the lltli node.

„ 49 „ „ nth „

„ 63 „ „ 11th ,,

„ 64 „ „ nth „

„ 65 „ „ nth „

„ 55 „ „ 12th „

„ 66 „ „ 12th „

„ 69 „ „ 12th „

„ 70 „ „ 12th „

„ 65 „ „ 14th „

» 91 „ „ 14th „

„ 113 „ „ 16th „

The remarkable arrangement of the cirri in this species distinguishes it at once from

all the other recent Pentacrinidse. Except that the symmetry is pentamerous instead of

tetramerous, the arrangement recalls that of the leaves on the stem of a Labiate plant.

In one case only have I found any irregularity. The eighth whorl has its two regular

cirri like the sixth, together with an additional one wliicli therefore comes to l>c on the
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.same .side of the stem ;vs the third cirrus in the seventh whorl. But the ninth whorl has

only two cirri instead of three, and is the Ijcginning of a new cycle ; for the tenth whorl

is not like the sixth with only two cirri, but resembles the irregular eighth one with

three. In the same way the eleventh whorl is like the ninth and not the seventh,

and so on.

The absence of cirri at some of the nodes of Pentacrinus alternicirrus is the more

striking as there are regularly five cirri at each node in all the Pentacriuidse, both recent

and fossil, with three exceptions. These are Pentacrinus hronnii, Hagenow,^ from the

White Chalk of Eiigen, and Pentacrinus didactijlus, d'Orljigny,- from the Eocene of

Biarritz, both of which have only two cirri at a node ; while under the name of Penta-

crinus tridactylus, Quenstedt^ has described another Tertiary .stem-fragment from Le Vit

in the south of France, which has a verticil of three cirri only. It is just possible that

if longer pieces of these stems were known they might show the same regular alternation

in the positions of the successive cirrus-whorls which is so striking in Pe^itacrinus alterni-

cirrus. But whether this be the case or not, the departure from the pentamerous

arrangement of cii'ri which is so characteristic of the Pentacriuida^ is not a Little remark-

able. For verticils of two cirri alternating with one another in position sometimes occur in

both Bourgneticrinus and Mesocrinus ; though the structure of the stem in these genera

is totally difierent from that of Pentacrinus, as has been fully explained in Chapter II.

In consequence of the absence of two or three cirrus-sockets, the nodal joints of

Pentacrinus alternicirrus depart considerably from the symmetrical form presented by

those of other Pentacrinidse, as is shown in PL XXVI. figs. 13, 14, and PI. XXVII.

figs. 2, 3. The last two represent syzygial faces of two successive nodes in their relative

positions, the two empty sides in fig. 2 being occupied by sockets in fig. 3.

Apart from the arrangement of the cirri, Pentacrinus cdternicirrus resembles Penta-

crinus maclearanus and Pentacrinus miUleri in the shortness of the internodes, while it

agrees with both these species and also with Pentaxirinus wyviUe-thomsoni in the

regularity and the grouping of the arm-divisions. The general arrangement of the crown

of arms (PI. XXV.) is most like that of Pentacrinus loyviUe-thomsoni (PL XIX. fig. 1);

and the long middle pinnules of the two species are very similar, while the characters of

the perisomatic skeleton are almost identical (compare PL XVII. figs. 2-4, and PL

XXVII. figs. 4-6).

The leading characters of Pentacrinus alternicirrus appear to be very constant, the

South Pacific specimen from near the Kermadecs being in no way distinguishable from

those dredged oft' the Meangis Islands. This is a striking contrast to the variations of

1 Monographie der Rtigenscheu Kreide-Versteinerungen, Neues Jahrh.f. Mineraloijic, Jahrg. 1840, p. CCS, Taf. ix.

fig. 9.

2 See d'Arcliiac, Description des fo^siles recueiUia par M. Tliorent, dans les couclies k nummuliues des euvirons

de Bayoime, Mem. Soc. ge'ol. de France, 2'"' ser., t. ii. !"« pavtie, 1846, p. 200, pi. v. figs, 16«, 17a.

3 Encriniden, p. 268, Tab. 99, fig. 170.
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Pentacrinus decorus and Pentacrinus milUeri in the Caribbean Sea. There are nearly

always five or six internodal joints in the stem, and I have only noticed two cases of an

arm-division consisting of more than two joints united by syzygy. One has three joints, of

which the first two form a syzygy, and in the other there are four, those of each pair being

united by syzygy. In the arms, however, the position of the syzygies, after that at the

base, is exceedingly variable. But this is always the case in the few species of Penta-

crinus which have syzygies in the arms, the contrast between them and the C'omatulaj

being very striking in this respect.

Pentacrinus alternicirrus appears to inhabit moderately deep water, the depths at the

two Stations from which it is recorded l^eing respectively 500 and 600 fathoms ; while

at the doubtful Station 210 the depth was 375 fathoms. Five of the individuals dredged

at Station 214 (Meangis Islands) were infested with encysted Myzostomas, as were also

many of the Comatulse. In one specimen no less than eight arms bore more or less

perfect cysts of Myzostoma pentacrini, von Graff, two of them having two cysts a short

distance ap)art. In other cases the cysts were principally formed in the skeleton of the

pinnules by Myzostoma defonnator, von Graff,^ as shown in PI. XXVII. figs. 7 and 8 ;

whUe figs. 9 and 10 represent cysts formed in the substance of the arm.

. 54-00
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not, owing to the radials being prolonged slightly downwards over the upper stem-

joints. Ten arms only, but the rays are in close lateral contact, the second radials l^eing

united all round, while the axillaries and the first two brachials have flattened outer

sides. Second and third radials and the first two brachials respectively united l)y

bifascial articulation. Arms of about ninety joints,^ the lower ones bluntly wedo-e-

shaped and tlie later joints nearly oblong or squarish, with raised distal edo-es so as to

overlap slightly. A syzygy in the third brachial, another between the sixth and
fifteenth joints, and others at intervals of four to twelve (usually seven to nine) joints.

The proximal fixee of the epizygal forms a sharp angle projecting backwards into the

retreating distal face of the hypozygal, the dorsal surface of which projects forwards

into that of the epizygal. The first pinnules are quite short, consisting only of al^out

twelve joints, the lowest half of which are broad and flattened and the later ones quite

small. This inequality gradually disappears as the pinnules increase in length, the

lower joints becoming less broad and the later ones more elongated. Those on the

middle of the arm are long and styliform, consisting of about twenty joints, the first of

which are much broader than the rest.

Disk covered with numerous, closely set, irregular plates. These extend on to the

arms at the sides of the amlnilacra, which are altogether alcove the arm-groove, and
are protected by a continuous series of tolerably regular covering plates. There are

no definite side plates on the pinnules, ])ut only a narrow band of limestone with its

edges cut into teeth which bear the covering plates.

Colour in spirit, pinkish-white.

Localities.—Station 170, July 14, 1874 ; near the Kermadec Islands ; lat. 29° 55' S.,

long. 178° 14' W. ; 520 fathoms ; volcanic mud ; bottom temperature, 43° F. Two
quite young specimens.

Station 170a, July 14, 1874; near the Kermadec Islands; lat. 29° 45' S., long.

178° 11' W.
; 630 fathoms; volcanic mud; bottom temperature, 39°-5 F. A stem-

fragment only.

Station 171, July 15, 1874; near the Kermadec Islands; lat; 28° 33' S., long.

177° 50' W. ; 600 fiithoms ; hard ground ; bottom temperature, 39°-5 F. A stem-

fragment and some broken arms.

Station 175, August 12, 1874; near Fiji; lat. 19° 2' S., long. 177°10'E.; 1350 fathoms;

Globigerina ooze ; bottom temperature, 36° F. A calyx with a fragment of a stem.

Station 214, February 10, 1875; oft" the Meangis Islands; lat. 4° 33' N., long.

127° 6' E. ; 500 fathoms ; blue mud ; bottom temperature, 41°-8 F. Six specimens.

Uncertain—Station 210, January 25, 1875 ; oft" the Panglao and Siquijor Islands;

lat. 9° 26' N., long. 123° 45' E.; 375 fathoms; blue mud; bottom temperature, 54°-l F.

Three specimens reached me without any labels. Some or all of them were probably

1 I have seen no arm with more than eighty joints ; but tlic extremities of the arms are broken in all the specimens.
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obtained at Station 210, where four individuals of two species of Pentacrinus were

dredged (see p. 128) ; but, as in the case of Pentacrinus alternicirrus, I can only infer

this from the fact that these two species, together with the single specimen of

Metacrinus murraijl, were the only ones which came into my hands without any record

of locality ; while there were none with the label of Station 210.

Remarlis.—Pentacrinus naresianus is remarkable as being the only recent species of

the genus in which there are not more than ten arms ; while the shape of the arm-joints,

especially the lower ones (PL XXVIII. fig. 1 ; PI. XXIX ; PI. XXX. fig. 1), is also

more oblique than is usually the case in the Pentacrinida^, so that in both respects it

approaches the Comatulas. Apart from these characters and the weU plated ambulacra

(PI. XXVII. fig. 13), the arms are readily distinguished by the peculiar form of the

syzygial unions. When seen from the dorsal side (PI. XXIX. fig. 1 ; PI. XXX. fig. 1),

the distal edge of the hypozygal appears to be very convex and to project strongly

forwards into the epizygal ; while in a side view (PI. XXX. fig. 23) the epizygal shows

a sharp backward projection into the hypozygal. When the syzygial faces are exposed

(PI. XXX. figs. 20, 21), a sharp angle appears across the middle of the proximal face of

the epizygal ; and the distal face of the hj^ozygal has a corresponding re-entering angle,

so that the two joints interlock very closely. Essentially the same form of syzygy

recurs in Pentacrinus blakei of the Caribbean Sea (PI. XXXII. figs. 5, 7, 12, 14) ; but

the other characters of this species are entirely different from those of Pentacrinus

naresianus, as it has twenty to thirty arms and a more slender stem with shorter

internodes (PI. XXXI.).

These two species, together with Pentacrinus decorus, are the only three recent

Pentacrinidse in which the two outer radials and the two first joints beyond them are

united by bifascial articulation. The articular faces of these joints in Pentacrinus

naresianus are shown in PL XXX. figs. 11, 12, 16, 17. It further resembles Penta-
crinus decorus in the pyriform downward prolongation of the ciiTus-sockets over the

infra-nodal joints, the upper faces of which are markedly stellate in consequence

(PL XXX. fig. 29). The nodal joints, however, are not produced outwards at the angles

between the cirrus-sockets, nor do they slope outwards from their upper edge to the top

of the sockets ; so that the general outline of the stem is very even (PL XXVIII. fig. 2).

But in Pentacrinus decorus this enlargement of the nodal joints is very perceptible in

mature individuals (PL XXXVI. ; PL XXXVII. figs. 1, 2), though not in the youngest

(PL XXXV.). On the other hand, it appears in the youngest specimens of Pentacrinus
naresianus (PL XXXa. fig. 5), though disappearing some time before maturity is reached.

Pentacrinus naresianus also presents a considerable variation in the size and shape

of the basals, which is so very remarkable a character of Pentacrinus decortis. In all

the four figures of the calyx which were drawn for Sir Wyville Thomson (Pis. XXVIIL-
XXX.), the basals are represented as separated by small downward extensions of the
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radials ; Init this is not quite the case in the original of fig. 2 on PI. XXIX., for the

basals form a compact ring entirely separating the radials from the top of the stem.

In other specimens, again, some of the basals meet their fellows, while the remainder

are more or less completely separated by the downward extending radials.

Pentacrinus naresianus does not appear to be one of those which live in a semi-

free condition like the three last described, wdiile the stem grows to a greater length

than in most of these forms. It is broken below in all the specimens obtained, and

though this has sometimes taken place at a node, the fracture is evidently a recent

one, the syzygial surface not being worn and more or less rounded, as in Pentacrinus

toyviUe-thomsoni and the other semi-free types.

The young individuals of Pentacrinus naresianus, besides exhibiting the usual

characters common to all young Pentacrinidse (ante, pp. 289-291), have one or two

peculiarities of theii' own. The second radials are less closely united, only meeting one

another for half the length of their sides (PI. XXXa. fig. 1) ; while the sides of the

axQlaries and of the two following joints are not so much flattened as in the adult, but

the edges where the ventral and dorsal surfaces meet are sharp and straight.

The characters of the arm-syzygies are also slightly difterent from those which

appear in the adult. The backward projection of the epizygal is much nearer the edge

of the joint than in the adult arm, in which the crest of the ridge on the syzygial face

crosses the axial canal. This gives an entirely different appearance to the joints when

seen in profile, as will be evident upon a comparison of figs. 9-12 on PL XXXa., which

represent a young and an old syzygial pair, as seen from the side and from above

respectively.

The difference in the sculpture on the young and on the older stem-joints is also

shown in PI. XXXa. figs. 2, 3, 7. In the young individual figured on the same plate

the head is but 55 mm. long, and there are only about fifty joints in the arms. The

diameter of the stem is 2 mm. Its internodes are exceptionally long, seventeen or

eio-hteen joints ; and there are only two cirri at one of the nodes (the fifth ),^ just as is

apparently the case through the whole stem of Pentacrinus didactylus.

Two stem-fragments from this Station (170), one of which (and possibly both)

belong to this same individual, exhibit some remarkable peculiarities of growth. In the

upper one (PI. XXXa. fig. 5) two of the nodal joints are slightly enlarged as described

above. But seven joints lower down a kind of calcareous sheath appears on the outside

of the stem, which is segmented in the same way as the stem, and is continued down-

wards over the next node. This is of an altogether almormal character. The outer

crust shows various irregular lines, and seems to have filled up the downward extensions

of the cirrus-sockets on to the infra-nodal joints, so that no trace of them is visible.

I The absent cirri at this node were erroneously inserted by the artist, when restoring the broken ones elsewhere ;

and I did not notice the fact till it was unfortunately too late to remedy it.
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This condition recurs over a length of three internodes on the remaining stem-fragment,

the sockets gradually becoming more and more obscured ; and at the lowest node the

incrustation seems to have completely overgrown the bases of the cirri, nothing appear-

ing to indicate their presence but minute irregular stumps. Fifty joints lower down
the stem terminates in a flattened expansion by which it was probably attached. The
abnormal condition of this stem is interesting from its resemblance to that presented by
a specimen of the fossil Millericrinus jmitti, which I have described elsewhere.^ In
this case, however, the secondary deposit of hmestone which is outside the uppermost
stem-joints is divided up into segments not corresponding with those enclosed by it.

7. Pentacrinus blaJcei, P. H. Carpenter (Pis. XXXI., XXXII. ; PI. XXXIII.
figs. 1-3).

1882. Pentacnnus hlakei, P. H. Carpenter, Bull Mus. Comp. Zool., vol, x. p. 172.

Dimensions.

Total length,.....
Longest stem, rounded off at twenty-fourth node,

Diameter of stem, ....
Longest cirrus (twenty-nine joints),

Diameter of calyx, ....
Length of arm (one hundred and live joints), .

Length of pinnule on first distichal (eighteen joints), .

Length of pinnule from middle of arm (twenty joints).

27 '5 cm.

160-0 mm.
4-0 „

17-0 „

6-0 „

120-0 „

9-0 „

12-0 „

Stem slender and smooth, with a rounded pentagonal outline ; five to seven inter-

nodal joints with distinctly crenulated edges. Nodal joints high, not j)rojecting out-

wards between the cirrus-facets, which are comparatively small and cii-cular, and do
not nearly reach theii- upper edge. Infra-nodals more or less grooved to receive the

cirrus-bases, so that the sockets appear to have pyriform downward extensions of

variable size. Cirri small and slender, of twenty-five to thirty joints, the first six of

which are quite short, and the remainder squarish with a tolerably smooth dorsal edge.

Terminal claw small, with no opposing spine. Lowest limit of the interarticular pores

between the sixth and tenth nodes.

Basals small, triangular, and more or less rounded, well separated laterally by the
lowest parts of the rather high radials. The rays and their subdivisions moderately close,

without any intervening perisome, but scarcely flattened at all except just on the lower
brachials. The two outer radials and lowest distichals respectively united by bifiiscial

articulation. The third radials and the second distichals project backwards into the middle
of the preceding joints, their proximal surfaces being somewhat deeply hoUowed from side

to side, and slanting downwards and backwards. About twenty arms, usually only

' Quart. Journ. Giol. Soc, vol. xx.wiii. p. 33, pi. i. tig. 21.
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four, but occasionally three or five to each ray. Primary arms of one to four distichal

joints, of which the first two are united by a ligamentous articulation. The second one

bears a pinnule, and the next may be either a simple axillary or consist of two syzygial

joints. Secondary arms (rare) of two palmar joints united by syzygy. Ai-ms of about

ninety slightly overlapping joints, nearly o1:)long at first, but afterwards becoming more

unequal sided. The first free brachial bears a pinnule, and the second is usually a

syzygial joint, while other syzygies occur on the arms at intervals of two to twenty

joints. The proximal face of the epizygal forms a sharp angle which projects backwards

into the retreating distal face of the hypozygal.

The lowest brachial pinnules consist of seventeen or eighteen joints, the first six of

which are rather broad, and the later ones more slender. Farther out on the arm this

inequality gradually disappears, all the joints but the first two being moderately long and

narrow. The disk, so far as visible, is covered with small, closely set plates which extend

on to the arms, covering the muscular bundles at the sides of the narrow arm-groove.

The covering plates of the pinnule-aUabulacra rest upon a denticulated band of limestone

which is not fully diff"erentiated into side plates.

Colour in spirit, yellowish-white.

Localities.—All in the Caribbean Sea. From the dredgings of the U.S. Coast

Survey steamer " Blake." Cruise of 1878-79. No. 157, off Montserrat ; 120 fathoms.

No. 209, ofi" Martinique; 189 fathoms; hard bottom; bottom temperature, 49|° F.

No. 291, off Barbados ; 200 fathoms; flat calcareous stones; bottom temperature, 49f° F.

No. 295, ofi" Barbados ; 180 fathoms ; hard bottom ; bottom temperature, 50f° F.

Remarhs.—This interesting species, like Pentacrinus asterius, appears to be some-

what rare, having only been dredged fottr times by the " Blake"; and it has never, so far

as I know, been obtained by Mr. Damon's agents, as the other three West Indian species

have been. I have only been able to examine a mutUated specimen from Montserrat,

and three nearly perfect ones from Barbados.

The slender cirri and their close approximation on the stem give this tjqae a

more elegant appearance than Pentacrinus decorus, which is its nearest ally, these two

being the only species with more than ten arms which have a bifascial articulation

between the radials. The third species with this character (Pentacrinus naresianus)

is only ten-armed ; but it has a singular resemblance to Pentacrinus hlaJcei in the form

of the syzygies on the arms. The stem of Pentacrinus hiakei is at once distinguished from

that of Pentacrinus decorus by the shortness of the internodes and the absence of any

enlargement at the nodes (PI. XXXI. fig. 3). The cirrus-sockets, too, are generally pro-

longed downwards to a less extent than they are in Pentacrinus decorus i^\. XXXVI.);

though Pentacrinus hiakei shows a considerable amount of variability in this respect, some

sockets having almost no downward extensions at all, while others are more like those of

Pentacrinus decorus. There is, however, remarkably little variation in the length of the

(ZOOL. CHALL. EXP. PART XXXII.—1884.) li 42
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internodes, especially as compared with Peiitacrinus muHeri, in which the stem reaches

about the same length. There are also more arms in Pentacrinus deconis than in Penta-
crinus blakei, in which palmar series are very rarely present, so that the total number of

arms would not exceed twenty. But the great distinguishing character of Pentacrinus

Uakei is the nature of its bifascial articulations and syzygies. Seen from the dorsal side

or in profile (PI. XXXI. figs. 1, 2 ; PI. XXXII. fig. 15), the third radial shows a strong

backward projection into the second. But its proximal face not only is concave from

side to side, but also slopes strongly downwards and backwards ; and the upper ventral

edge of the second radial is bent forward so as to fit into the gap thus formed

(PL XXXII. fig. 18). There is a very slight indication of this in Pentacrinus

naresianus (PI. XXX. figs. 1, 11, 12); but the two species resemble one another much
more closely in the curious angular form of the syzygial faces. Those of Pentacrinus

naresianus (PI. XXX. figs. 20, 21, 23) have been already described, and those of

Pentacrinus blakei are shown in PI. XXXII. Whether it be a brachial syzygy
(figs. 4, 5, 7) or one in the distichal axillary (figs. 9, 12, 14) the form is just the same.

The proximal face of the epizygal rises to a sharp crest, which is interrapted by the

central canal, and fits into a corresponding re-entering angle on the distal face of the

hypozygal, so that the muscle-plates of its proximal face are bent strongly forwards,

just as they are in the bifascial articulation of the second radials mth the axiUaries

(PL XXXII. figs. 15, 18). The general appearance of the syzygies in the side view of

an arm is well shown in PL XXXIII. fig. 2, which should be compared wdth the

corresponding figure of Pentacrinus naresianus (PL XXX. fig. 23). The flattened

shape of the lower joints is also weU shown in the former figure. Judging from the

torn fragment of the disk which came away from this arm-base, we may suppose that

its anambulacral plating was tolerably well developed. This plating extends out on to

the arms, covering in the muscular bundles at the sides of the narrow arm-groove,

though to a less extent than in the four preceding species. The pinnule-ambulacra

(PL XXXIII. fig. 1) are much in the same condition as those of Pentacrinus naresianus
(PL XXVII. fig. 11), the covering plates resting upon the toothed edge of a continuous

calcareous band which is not perfectly differentiated into side plates.

8. Pentacrinus decorus, Wyville Thomson, 1864 (PL XXXIII. figs. 4-6 ; Pis.

XXXIV.-XXXVIL; PL LVIL figs. 2-5; PL LVIII. figs. 1-3; PL LIX. figs.' 1-4;

PL LXIL).

1864. Pentacrinus {Neocrinus) decorus, Wyville Thomson, The Intellectual Observer, August 1864, p. 7.

1864. Penfacrinus decorus, Liitken, Vidensk. MeJdol. f. d. nat. Forea. i Kjtibenhavn, 1864, Nr. 13-16, p. 208.
1865. Pentacrinus (Neocrinus) decorus, Wyville Thomson, Phil. Trans., 1865, vol. civ. p. 542.

1869. Pentacrinus Miilleri, Pourtalfes, Bull. Mus. Comp. Zobl., vol. i., No. 11, p. 357.

1872. Pentacrinus Miilleri, Wyville Thomson, Proc. Eoy. Soc. Edin., vol. vii. p. 766; and The Depths of the

Sea, p. 442.
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1878. Pentncrinus Miilkri, Agassiz, Bull. ilus. Comp. Zool, vol. v., No. 6, p. 56.

1879. Pentacri7ius Miilleri, Pourtalis, Bull. Mus. Comp. Zool., vol. v., No. 9, p. 214.

1879. Pentacrinus MiUleri, Agassiz, Bull. Mus. Comp. Zool., vol. v., No. 14, p. 296.

1882. Pentacrinus decorus, P. H. Carpenter, Bull JIus. Comp. Zool., vol. x., No. 4, p. 171.

Dimensions,

Greatest length of stem, to fiftieth node,

Diameter of stem,

Longest cirrus (thirty-two joints),

Diameter of calyx, .

Diameter of disk,

Length of arm (one hundred joints).

Length of distichal pinnule (thirteen joints),

Length of pinnule from lower third of arm (twenty joints).

80-00 cm.

4 '75 mm.
27-00

8-00

12-30

80-00

13-00

16-00

Stem moderately slender and usually smooth, witli a rounded pentagonal outline.

Seven to sixteen (usually eleven or twelve) internodal joints, with much crenulated

edo-es. Nodal joints somewhat enlarged, expanding from above downwards to the top

of the cirrus-sockets. These are deeply hollowed, and have a pear-shaped form, being

continued downwards as well marked grooves on to the infra-nodals. Ciiii small and

slender, rarely composed of more than thirty joints, the first six of which are quite short,

and the remainder squarish or slightly elongated, with a moderately smooth dorsal edge.

Terminal claw small, wth no opposing spine. Lowest limit of the interarticular pores

between the ninth and eleventh nodes.

Basals very variable, sometimes quite small, inconspicuous, and isolated
;
but

presenting all gradations from this condition up to that of large triang-ular knobs

standino- out prominently from the general plane of the calyx, and meeting one another

by their extended lateral angles.

The two outer radials united by bifascial articulation. The rays and their sub-

divisions sometimes separated by plated perisome, and sometimes in close apposition
;

but the sides of the lower arm-joints are scarcely flattened at all. Ten to twenty-five

arms. Primaries of two to seven distichal joints. When three or more distichals are

present the first two are united by bifascial articulation, the second bearing a pinnule,

whUe the thii-d or sometimes the axillary is a syzygy. But if there be only two

distichals, and the axillary be a syzygy, the first bears a pinnule and is united to the

second by muscles. Lastly, if the axillary be not a syzygy, there is a bifascial articula-

tion between it and the first distichal. Secondary arms (when present) of one to nine

palmar joints, which vary in character as in the primary arms, though to an even

greater extent. If the arms become free at the radial axUlary the first syz5^gy is usually

on the thii-d brachial ; but if the primary arms divide there is generally a syzygy in the

second free brachial, though not uufrequently it occurs between the first and second. The
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next syzygy is from the eiglitli to the thirtieth brachial, after which there is an interval of

five to eleven joints between successive syzygies in the free anns. These consist of from

ninety to one hundred slightly overlapping joints, nearly oblong in shape in the lower

parts, but gradually becoming squarer, and finally elongated.

The first pinnule is on the first distichal, if it be united to the second by muscles.

In other cases the second distichal bears the first pinnule ; and the same is the case in

the free arms. The lowest pinnules consist of about a dozen flattened joints, all of

which except the first are longer than broad. They have sharp dorsal edges, and are

much fiattened laterally, especially those near the base of the pinnule, the terminal

ones being more slender, so that the pinnule tapers considerably. Farther out on the

arm the joints become more equal, the three lowest being the only ones that are much

flattened, but the pinnules do not increase greatly in length.

The disk bears numerous plates of variable size, rather closely set, but not forming

a perfectly continuous pavement ; and several of thepi support small blunt spinelets.

The ambulacra of the disk and arnj-bases are protected by somewhat narrow and spine-

like plates irregularly disposed. Arm-groove moderately wide and continuously plated.

PinniUe-ambulacra variable, sometinaes ha\dng moderately distinct side plates and some-

times hardly any trace of them.

Colour when fresh, white, purple, or yellow (Sigsbee), bleaching nearly white in spu'it.

Localities.—Abundant in the Gulf Stream and in the Caribbean Sea, but not kno'WTi

elsewhere. A few specimens have been obtained by the collectors for Sir Rawson Rawson

and Mx. Damon ; also by W. Stimpson ofi" Cuba, and by Captahi E. Cole of the telegraph

steamer " Investigator " at the following localities—south side of Porto Rico, 667 fathoms
;

ofi" Saba Island, 320 fathoms (with Pentacrinus asterius) ; between Saba and Eustatius

Islands, 531 fathoms (with Pentacrinus miilleri). But great numbers have been dredged by

the surveying ships of the U.S. Coast Survey, as recorded in the following list :

—

S.S. "Corwin," 1867. 1-6 miles from Chorrera, Cuba, 270 fathoms.

S.S. "Bibb," 1869. Oflf Double-headed Shot Keys ; 315 and 471 (?) fathoms.

S.S. " Blake," Cruise of 1877-78. No. 21, off Bahia Honda; lat. 23° 2' N., long. 83° 13' W. ; 287 fathoms. Off

Havana (Sigsbee); 150 to 200 fathoms. No. 56, off Havana; lat. 22° 9' 15" N., long. 82° 21' W.;

175 fathoms. No. 57, off Havana ; lat. 22° 9' N., long. 82° 21' W.; 177 fathoms.

Cruise of 1878-79. No. 100, off Morro Light; 250 to 400 fathoms. No. 101, off Morro Light; 175 to 250

fathoms. Nos. 155 and 156, off Montserrat; 88 fathoms; bottom temperature, 69° F. No. 157, off

Montserrat; 120 fathoms; bottom temperature, 69° F. No. 233, off St. Vincent; 174 fathoms; rocky-

bottom; bottom temperature, 494° F. No. 269, off St. Vincent; 124 fathoms; bottom temperature, 57|^° F.

No. 296, off Barbados ; 84 fathoms ; bottom temperature, 61^° F. No. 296, off Barbados ; 120 fathoms;

bottom temperature, 61° F.

Cruise of 1879-80 (Bartlett). Off Santiago de Cuba. Off Kingston (Jamaica) ; 100 fathoms.

Captain Sigsbee ^ describes the specimens dredged by him in the following terms :

—

" Some of them came up on the tangles, some on the dredge. They were as brittle as

1 Bull. Mus. Comp. ZooL, vol. v.. No. 6, p. 60.
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glass. The heads soon curled over and showed a decided disposition to drop off. At

a haul made soon after we got more, and being afraid to put so many of them in the

tank together I tried to delude the animals into the idea that they were in their native

temperature by putting them into ice-water. This worked well, although some of them

became exasperated, and shed some of their arms. They lived in the ice-water two

hours, until I transferred them to the tank. They moved their arms one at a time.

Some of the lilies were white, some purple, some yellow ; the latter was the colour of

the smaller and more delicate ones." 'Mr. Alexander Agassiz^ records that " our collection

of Pentacrini is quite extensive ; we found them at Montserrat, St. Vincent, Grenada,

Guadeloupe, and Barbados, in several places, in such numbers that on one occasion we

brouo-ht up no less than one hundred and twenty-four at a single haid of the bar and

the tangles. We must, of course, have swept over actual forests of Pentacrini crowded

together, much as we find the fossil Pentacrini on slabs. I have nothing to add to the

o-eneral description of their movements given by Captain Sigsbee, with the exception of

their use of the cii-ri placed along the stem. These they move more rapidly than the

arms, and use them as hooks to catch hold of neighbouring objects, and, on account of

their sharp extremities, they are well adapted to retain theii- hold. The stem itself

passes slowly from a rigid vertical attitude to a curved or even di-ooping position."

Althouoh the di-edgings of the " Blake " have shown that Pentacnnus decorus is

extremely abundant in the neighbourhood of several of the West Indian Islands, it does

not appear to have been discovered tiU a century after Pentacrinus asterkis. Its

distinctness from that type was first recognised by Mr. Damon of Weymouth, who

procured an example of it from the seas of the Outer Antdles. Its occurrence was

recorded by the late Sir Wyville Thomson in a popular article on Sea Lilies, which

appeared in the InteUectual Observer for August 1864, but he published no further

description of it before his death. When he first noted its discovery he seems to have

been unacquainted with the description of Pentacrirms mulleri by Oersted, pubUshed

six years previously; for he spoke of Pentacrinus asterius and Pentacrinus decorus as

the only two known living species of Stalked Crinoids. But in the following year^ he

referred to Pentacrinus mulleri as well, Liitken's Memoir- having appeared in the

interval ; so that he evidently regarded Pentacrinus decorus and Pentacrinus mulleri

as distinct species.

Later on, however, as I have described above, he came to the conclusion that his

Pentacrinus decorus was identical with Oersted's type,^ and he seems to have held this

view till his death. For he wrote "Pentacrinus mulleri, Oereted," on a copy of

PI. XXXIV. This represents a specimen which he had obtained from Su- Piawson Rawson,

and it is totally different from Pentacrinus mulleri, as is evident from a glance at Liitken's

1 Bull. Mus. Comp. Zotil., vol. v., No. 14, p. 296. - Phil Trans., vol. civ., 1865, p. 542.

3 Proc. Boy. Soc. Edin., vol. vii. p. 766 ; and The Depths of the Sea, p. 442.
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figure of that type. But it corresponds in every respect mth the two individuals in the

national collection which Sir Wyville himself described in 1864 as Pentacrinus

{Neocrinus) decorus. A large number of examples, obviously of the same t}^e, were

dredged by the " Blake "
; and I have no hesitation in considering Pentacrinus decorus

as a good species ; though for reasons given above I do not regard it as a type of

subgeneric value. In fact Sir Wyville himself seems to have recognised this sub-

sequently ; for whUe still co\ifoundmg Pentacrinus decorus wi\h. Pentacrinus millleri,

he dropped the names Cenocrinus and Neocrinus altogether, and simply spoke of

Pentacrinus asterius and Pentacrinus miilleri.

Pentacrinus decorus differs from Pentacrinus hlahei and Pentacrinus naresianus

in the flatness of the syzygial faces on the arm-joints (PI. XXXVII. figs. 3, 4), both

these species having strongly angular syzygial faces (PL XXXa. figs. 9, 10 ; PI. XXXII.
figs. 4, 5, 7, 9, 12, 14). Pentacrinus naresianus has only ten arms, while the primary

arms of Pentacrinus decorus, like those of Pentacrinus hlahei, may divide once or

twice. The second di\'ision is, however, more common in Pentacrinus decorus than in

Pentacrinus blakei, in which palmar series are rare (PI. XXXI.) ; though distichals

generally occur with considerable regularity all round the cup, which is by no means
always the case in Pentacrinus decorus (Pis. XXXV., XXXVI.). The general

characters of the pinnules and of their ambulacral plating are much the same in the

two species ; but the two sets of amliulacral plates are on the whole much better

differentiated in Pentacrinus blakei than in Pentacrinus decorus (PI. XXXIII. fio-. i

;

PL XXXVII. figs. 23, 24). In the latter species (PL XXXIII. fig. 4) the arm-groove

itself is more completely covered in by the bases of the pinnule-ambulacra, which over-

lap one another alternately from opposite sides much more perfectl)^ than in Pentacrinus

blakei (PL XXXIII. fig. 3). But the perisome covering the muscular buncUes in the

intervals between the ventral edges of the arm-joints is not plated in Pentacrinus

decorus (PL XXXIII. figs. 4, 6) as it is in Pentacrinus blakei (fig. 3), and also in some
other Pentacrini previously described, together with some species of Metacrinus. But
the chief and most obvious difference between Pentacrinus decorus and Pentacrinus

blakei, apart from the peculiarities of the brachial syzygies in the latter species, lies in

the characters of the stem. The internodes in most stems of Pentacrinus decorus are

considerably longer than those of Pentacrinus blakei, as is evident upon comparison of

Pis. XXXIV. and XXXVII. with PL XXXI. ; and the nodal joints are markedly different

in the two species. Those of Pentacrinus decorus are considerably enlarged above the

deeply hollowed cirrus-sockets (PL XXXVI.), so that the outhne of the stem is not

uniform as it is in Pentacrinus blakei (PL XXXI. fig. 3); whUe the contour of the

nodal joints as seen from beneath is less rounded in Pentacrinus decorus (PL XXXVII.
fig. 21) than in Pentacrinus blakei (PL XXXII. fig. 1). The general appearance of

the infra-nodal joints (PL XXXII. fig. 2 ; PL XXXVII. fig. 19) and also of the ordinaiy
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joint-faces (PL XXXII. fig. 3 ; PI. XXXVII. fig. 22) is, however, very much the same

in the two species.

The minor characters of Pentacrinus decorus, i.e., those which are of least import-

ance for systematic purposes, present a very remarkable amount of variation. The

number of internodal joints may vary almost as much as in Pentacrinus asterius,

some of the individuals having the internodes as short as those of Pentacrinus blakei

(seven joints), while in others they may consist of sixteen joints as in Penta-

crinus asterius ; and this character sometimes runs through the whole stem, so that

at first sight two individuals will look as if they belonged to entirely distinct species,

especially if the development of the basals and arm-divisions be also difi"erent in the

two cases.

The internodal joints are generally quite smooth externally ; Ijut they occasionally

bear groups of interradial tubercles at more or less regular intervals, and these tubercles

sometimes, appear on the nodal joints, thus increasing the prominence of their angles

between the cii-rus-sockets '(PL XXXV. fig. 1 ; PL XXXVI. figs. 1, 2). Two incUviduals

are remarkable for the absence of some of the cu-ri on the stem. Thus in a specimen repre-

sented in PL XXXVI. fig. 1, one of the cirri is missing at the fourth node, no socket

having been developed at all ; while in another shown in PL XXXVII. fig. 2, there are

no cirrus-sockets along one face of the stem to as far down as the twelfth node
;
and at

the eleventh node another socket is absent, so that there are only three cirri at this

node, the empty faces of the stem intervening between the cuTus-bearing ones exactly

as they do in those nodal joints of Pentacrinus alternicirrus which bear three cirri

(PL XXV.; PL XXVI. figs. 13, 14 ; PL XXVII. fig. 2).

The stem of Pentacrinus decorus, though more slender than that of Pentacrinus

asterius, seems like it to grow to a considerable length (compare Pis. XI. and XXXIV.).

The longest which I have seen, consisting of fifty internodes, measures 80 cm. Sir WyviUe

Thomson mentioned one which was about two feet in length ,^ and this seems to have

been the original of a cbawing which was made for him by IMi-. Wild. He spoke of the

final joint, which is the epizygal at about the forty-second node, as being worn and

rounded ; and having subsequently found several other examples in the same condition,

he expressed his belief that disengagement at a syzygy is habitual. This is doubtless

often the case as in Pentacrinus ivyville-thomsoni and other species (ante, pp. 18-20),

though I have not myself met with any specimens in this condition. Moreover, it

appears certain that this species may be sometimes permanently fixed. Captain Cole's

observation that they may be attached to telegraph cables by the basal extremity of the

stem spreading slightly has been noticed already ; and the individual mentioned above

as having a stem 80 cm. long (which is now in the British Museum) was found by him

attached in a slightly different way. The stem is detached from its basal portion at the

1 Sea Lilies, Tlie Intellectual Observer, August 1864, p. 7.
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syzygy below the fiftieth node ; but it lies along the cable by the next eleven internodes,

and is more or less attached to it by means of the eii-ri.

The variation in the development of the basals in Pentacrinus decorus is most

extraordinary, and shows what little reliance is to be placed on the characters of this part

of the calyx for systematic purposes. In young specimens they are generally quite small

and inconspicuous, appearing only as little triangular knobs or rhomboidal pieces which

are sometimes just in contact by their lateral angles (PI. XXXV. fig. 1). But they do

not stand out at all from the general plane of the calyx, and simply appear as continua-

tions of the interradial ridges of tbe top of the stem upon which they rest. In older

and even in adult individuals they may retain this condition (PI. XXXIV. figs. 1, 8 ;

PI. XXXVI. fig. 3) ; while in others which are still premature they are a little more pro-

minent (PI. XXXV. fig. 2) ; and when a large series of specimens is examined all stages

are traceable between this condition and that of the individuals represented in PI. XXXVI.
fig. 1, and PL XXXVII. figs. 1, 2. These have large rhomboidal basals, meeting one

another laterally in the re-entering angles of the calyx and standing out as prominent

knobs which sometimes extend beyond the interradial ridges of the stem.^ A somewhat
similar though less extensive variation in the development of the basals occurs in the

fossil Antedon scrobiculata from the Brown Jura.

The ray-divisions of Pentacrinus decorus are exceedingly variable. I have met
with one case in which the number of three radials, so constant throughout the majority

of the Neocrinoids, is consideral^ly exceeded. The radial axillary is primitively the

seventh joint above the basal ring, i.e., it is itself a syzygial joint and there are five

below it, includijig the primary or first radials. The second and thii'd of these five

joints are united by bifascial articulation, just like the ordinary second radials and
axUlaries of this species ; and in this respect therefore this aberrant form difi"ers from

the type represented by Metacrinus, in which the second and thiixl joints of the ray are

always united by syzygy, whether the axillary be the fifth or eighth in the series of

primitive radials (PI. XXXIX. fig. 1 ; PI. XLVI.).

One young specimen of Pentacrinus decorus which was brought by Sir Eawson
Eawson from Barbados has only ten arms, as is the case in Pentacrinus naresianus

;

while in another dredged by the " Blake " there are only eleven, one of the primary arms
dividing on the fifth joint (PI. XXXV. fig. 1). A third individual (PI. XXXV. fig. 2)

has two arms on each of four rays ; but on the fifth ray one of the primary arms divides

and one of the secondary anns so formed divides again, so that there are twelve in all.

Other examples again may have distichal series developed with considerable regularity

all round the calyx, and occasionally also one or more palmar series as well (PI. XXXVI.

;

PL XXXVII. fig. 2). But the total number of arms rarely exceeds twenty-five in all

;

1 In the specimen represented in PI. XXXVI. some of the first radials are considerably distorted, apparently as

the result of injury and subsequent regeneration.
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though Sir Wyville Thomson described a specimen with thii-ty arms.^ The irregularity

in the numljer of joints between successive axillaries is very striking, especially as

compared with the very constant character of the ray-divisions in the Comatulge.

Taking for example the genus Actinometra, we find in Pentacvinus decorus the follow-

ing series of distichals and palmars which are specially characteristic of difi'erent groups

of the species of that genus.

A. Ten arms only ; the first two brachials united bifascially, and the third brachial a syzygy as in Penta-
trinus naresumus, ...... Group of Arfinometra mcrklionalis.

B. Two distichals united by a syzygy, .

C. Two distichals, the axillaiy not a &yr^gj,

D. Three distichals, the axillary a syzygy,

E. Two palmars united by a syzygy,

F. Two palmars, the axillary not a syzygy,

G. Two palmars, the axillary a syzygy, .

H. Three palmars, the axillary a syzygy.

Actmumetra jiikesi.

Actinometra pulchella.

Actinometra parvidrra.

Actinometra typica.

Actinometra stelligera.

Actinometra multiradiata.

Actinometra hetmetti.

In addition to these, Pentacrinus decorus may show numerous combinations of distichal

and palmar series such as are characteristic of other groups of Comatulse, and also certain

conditions such as two distichals with the axillary a syzygy, which I have not as yet

met with in any Comatula at all. These facts well illustrate what has been said above

{ante, p. 55) respecting the difference between the arms of Pentacrinidas and Comatulge.

The rays of Pentacrinus decorus and their subdivisions are sometimes in pretty close

contact, though rarely flattened laterally ; while in other cases they are more or less

separated by perisome (Pis. XXXV.-XXXVII. ). This perisome is sometimes nearly

bare and sometimes plated pretty continuously ; and a similar variation is apparent on the

upper surface of the disk. This is sometimes covered tolerably closely by rather larce

plates {PL XXXIV. fig. 2) ; but the plating is not quite so continuous as in Pentacrinus

wyville-thomsoni and Pentacrinus alternicirrus (PI. XVII. fig. 6 ; PL XXVI. fio-s. 1, 2).

On the other hand, the gaps between the plates, tliough sometimes comparatively large,

are not so extensive as in Pentacrinus millleri (PL XVII. fig. 10). The plates sometimes

bear small blunt spinelets which are possibly tactile in function, as they contain branches

from the antiambulacral nerves which extend upwards on to the disk from the envelope

of the chambered organ in the calyx (PL LIX. figs. 2-4, ad). The plates bordering the

ambulacra of the disk are narrow and spine-like, often forming a kind of palisade, which

is more distinct than in any other type of the Pentacrinidse (PL XXXIV. fig. 2).

They become somewhat irregular on the arm-bases (PL XXXIII. fig. 6) ; but further

out (PL XXXIII. fig. 4) they begin to show signs of a more or less perfect

differentiation into the side and covering jjlates of the pinnule-ambulacra (PL XXXVII.

figs. 23, 24).

' Sea Lilies, The Intellectual Observer, August 18li4, p. 7.

(ZOOL. CHALL. EXr.—PART XXXII.—1884.) li 43
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9. Pentacrinus mollis, n. sp. (PL XXXIII. figs. 7-10).

Dimensions.

Greatest height of specimen (fig. 9), . . . . . . lO'OO mm.
Least height (fig. 10), . . . . . . . 8-00 „

Diameter of calyx across the first radials, ..... 6'50 „

Diameter of disk, . . . . . . . . 4'75 ,,

This is a very singular type, and it is with much hesitation that I have referred it to

Pentacrinus ; for it differs considerably from this genus in the relative proportions of the

lower parts of the calyx, and its stem is entirely unknown. But on the other hand it pre-

sents no character which seems to me of sufficient importance to justify a generic separation.

Its most obvious peculiarity is expressed in tke specific name which I have applied to

it. The cup, radials, and lower arm-joints, which alone remain, are not formed of the

usual hard limestone found in most other Echinoderms. But, externally at any rate,

they are of a somewhat leathery texture, and yield readily to pressure, though there

appears to be a rather harder core within ; while some of the joints show traces of the

usual calcareous skeleton, and the disk is extensively plated (PL XXXIII. fig. 7).

Nothing remains of the stem except three or four thin stellate joints immediately

beneath the calyx. The rays of the star are bent upwards considerably, and enclose in a

sort of cup the lower portion of the basal plates with which they correspond in position

(PL XXXIII. figs. 8-10). There are no traces of broken ligament-fibres on the under

face of the lowest remaining stem-joint, and this would seem therefore to have been

the upper joint of a syzygial pair with its cirri as yet undeveloped.

The basals which form an entirely closed ring are unusually high for a Pentacrinus,

but also of considerable width, so as to support the expanding calyx above them. Their

outline, so far as it can be seen, is irregularly c|uadrate, the two lateral edges approaching

one another somewhat rapidly untU they disappear beneath the upturned stem-joints

;

while the upper edges meet at a very open angle. The basi-radial suture therefore has

five well marked depressions in which the radials rest, and five intervening elevations

which mark the middle lines of the basals. The radials are short and widely pentagonal,

sloping upwards and outwards at a considerable angle. They have a somewhat strongly

marked median ridge which starts from near the basi-radial suture, but disappears before

reaching theii" distal edge, as is well shown in fig. 8 ; and the distal edge itself is more or

less everted, while the dorsal ligament uniting the first and second radials is somewhat

prominent. The remaining radials and the lower arm-joints are only properly ^-isible in

the anterior and left antero-lateral rays as shown in PL XXXIII. fig. 9 ; for the joints

of the other three rays are so shrivelled and contorted as to make their recognition a

matter of considerable difficulty. Their general aspect is somewhat diagrammatically

represented in PL XXXIII. fig. 10.
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The second and third radials appear to be united by syz5"gy. The former are slightly

trapezoidal in shape, meeting one another more or less extensively by their lower angles

and then diverging. The axillaries are pentagonal, and scarcely v\ader than the second

radials, so that a considerable gap is left between the rays. This, however, is much wider

on the front of the calyx than elsewhere, as will be evident from a comparison of

figs. 9 and 10 on PI. XXXIII. It is closed higher up by the approximation of the

first brachials of adjacent rays. Where they are properly visible they appear to have

the usual somewhat wedge-shaped form ; and the next joint was perhaps an axillary.

But the condition of the specimen renders the determination of the real nature of the

lower arm-joints entirely uncertain. From the mode of division of the ambulacra of the

disk, however, it would appear that there were twenty arms (PI. XXXIII. fig. 7).

The colour is dirty brown with occasional patches of white, indicating the presence of

calcareous tissue.

Xoc«%.—Station 235, June 4, 1875 ; lat. 34° 7' N., long. 138° 0' E. ; 5G5 fathoms;

green mud ; bottom temperature, 38°"1 F. One mutilated specimen.

Three much mutilated individuals of Eudiocrinus japonicvs were obtained at the

same Station ; but they exhibit no trace of the extraordinary deficiency of Hmestone in

the skeleton which distinguishes Pentacrinus mollis. The heio;ht of the basals and the

pecuhar way in which they are received into a sort of cup formed by the uppermost

stem-joints distinguish this tjq^e ver)' markedly from all the other Pentacriuidse. For

the stem-joints of this family usually decrease rapidly in size towards the top of the

stem, the upper ones being concealed wdthin the concavity formed by the lower faces of

the basals, as is well shown in PI. XXXIII. fig. 5. But it is of course possible that this

may also be the case even in the doubtful Pentacrinus mollis, though on a smaller scale.

Genus Metacrinus, n. gen.

Characters of the Genus.

The petaloid sectors of the faces of the stem-joints are bordered by a few large ridges,

of which the smaller proximal ones meet those of adjacent sectors in the interpetaloid

spaces, while the larger distal ridges reach the outer edge of the joint. The internodes

of six to thirteen joints. Nodals fiilly occupied by the cirrus-sockets which reach their

upper edge ; supra-nodals incised to receive the bases of the upturned cirri. These are

long, consisting of forty or fifty uniform joints, and vary but little in appearance. The

lower cirri often smaller than those about the twelfth node.

Basals large, rhomboidal, or hexagonal, and in close contact. Their lower angles are

generally distinctly produced downwards. Four to six radials, the second a syzygy and

bearing a pinnule, as do the remaming ones till just before the palmar axillary. The
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fourth radial is sometimes a syzygy. The rays generally divide four and sometimes five

times ; and their subdivisions are equal in value or nearly so. The first joint after each

axillary bears a pinnule, and the third is usually a syzygy.

The terminal parts of the arms have a large number of undeveloped pinnules. Those

on the lowest parts of the rays have large, thick joints, the basal ones cuboidal and the

rest oblong. Those borne by the radials and lower distichals receive their ambulacra

direct from the peristome, or from the primary ambulacra of the disk.

Remarhs.—The name Metacrinus for this very well characterised genus originated

with Sir Wyville Thomson ; but he drew up no diagnosis of it. Indeed it was only by

T finding the name in his handwriting upon a proof of PI. XLVII. that I was informed of his

recognition of the type as distinct from Pentacriniis, under which name it had been

mentioned in the Station Book, and in various publications that dealt with the work of

the Challenger in the Pacific. I had known of the existence of a second living genus

of Pentacrinidse for some months before the Challenger and "Blake" Crinoids came into

my hands. For my friend Mr. Charles Stewart, F.L.S., the present Curator of the

Hunterian Museum at the Royal College of Surgeons, had shown me early in 1881 a very

fine dry specimen which had been obtained in the neighbourhood of Singapore by one of

the shi]3s belonging to the Eastern Telegraph Company. It was accompanied by a .stem-

fragment of another species which I now know to belong to the same genus. Thanks to

his kindness, I have been able to describe them recently,^ together with yet another

species which had been dredged in the Japanese Seas by Dr. Doderlein, the Conservator

of the Natural History Museum at Strassburg, who courteously placed it in my hands for

this purpose. Eleven species were dredged by the Challenger, and there is another

which I have not examined personally. It was dredged by the famous " Vega " in

Yeddo Bay, during her stay in Japan in October 1879; but no description of it has

yet been published. It is at present in the hands of Prof. S, Lovdn of Stockholm

;

and with his characteristic kindness he not only sent me some fragments of the stem,

but also allowed Mr. Percy Sladen, who was examining the Starfish collection in the

Stockholm Museum, to draw up a description of it for me. So carefully was this done,

that I have been enabled to recognise the afllnities of the type, and to assign it a

place in the classification of the genus which appears on p. 344.

Both the calyx and the stem of Metacrinus, but especially the former, present very

striking difierences from the corresponding parts in Pentacrinus. In the latter genus

it is quite the exception for the number of radials to exceed three, which is so constant in

Apiocrinus, Millericrinus, Encrinus, and Comatula ; and even when there are more,

none of them bear any pinnules. Thus there is no pinnule on the third joint of the

abnormal ray of Pentacrinus miilleri represented on PI. XV. fig. 2, in which the axillary

is the fourth joint above the basals ; nor on any of the five joints below the radial axillary

' On Three New Species of Metacrinus, Trans. Linn. Soc. Land. (Zool.), ser. 2, vol. ii. pp. 435-447, pis. l.-lii.
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(itself a sj'zj'gy) in a singular specimen of Pentacrinus deeorus, which was dredged by

the " Blake " {ante, p. 336).

In Mctacrinus, however, the number of primitive radials is typically either five or

eight. In both cases the second and third of these eventually become united by syzygy,

and the latter, which corresponds exactly to the third radial in the abnormal Pentacrinus

mulleri alreadj^ mentioned (PI. XV. fig. 2), bears a pinnule, as does also the next joint,

which is sometimes followed by the axillary (PI. XXXIX. fig. 1 ; PI. XLIII. fig. 2).

When there are eight primitive radials the original fifth and sixth joints become united

by syzygy in the same way; so that the ray is described as consisting of six joints, of

which the second and fourth are syzygial, both of these as well as the third and fifth

bearing pinnules (PI. XLVI. ; PI. L. fig. 1).

These pinnules also afi"ord a very good distinguishing character of Mctacrinus. Their

lower and middle joints are very large and massive, having a considerable vertical height

in addition to their thickness from side to side ; while one or two of the basal joints are

nearly cubical in appearance (PI. XXXIX. fig. 1 ; PI. XLIII. figs. 2, 4; PI. XLVL; PI.

XLVIII. fig. 1 ; PI. L. fig. 1). The later joints, while remaining long and high, gradually

diminish in breadth so that they come to be prismatic, with a sharp dorsal edge. The

distichal and palmar pinnules have the same characters as tliose on the radials, though

in a less prominent degree.

The shape and large size of their joints are well shown in PL XXXIX. fig. 2, and in PI.

XLIII. fig. 2. There is no regularity as to the side of the ray on which the first pinnule

occurs ; so that the same interradial space may be occupied by the first pinnules of two

rays as is shown on the right of PI. XXXIX. fig 1 ; while on the left of the same figure

the second pinnules of two rays also occur in the same interradius. This not unfrequently

causes a certain amount of crowding ; and it is not uncommon for one of the later radial

or lower distichal pinnules to be very much flattened laterally and almost knife-like in

appearance, whUe the corresponding pinnules on the other rays of the same indi\'idual

are large and massive.

About the level of the distichal axillary, or rather farther out if the number of arms

be large, the stout lower pinnules begin to lose their distinguishing characters and to

pass gradually into the ordinary pinnules of the free arms. The transition is very

difiicult to explain without a long series of figures illustrating its successive stages, and it

varies a good deal in difi"erent types ; but it may be generally described as a flattening of

the pinnule-joints (as it were) against the arm and against the succeeding pinnules.

They thus retain a considerable height in a vertical (dorsoventral) direction and have a

sharp dorsal edge, with the exception of the lowest joints which are set in a different

plane from their successors and are often of a much greater width. This is the case, for

examine, in the palmar and lower brachial pinnules of Metacrinus moseleyi as seen on

the left hand ray of the specimen represented in PI. XLVI. ; while in Metacrinua
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murrayi, Metacrinus costatus, Metacrinus nodosus, and Mctacrinus ivyvillii the distichal

piiiuules are flattened as well as their successors, and all Lave wide basal joints, as shown

in PI. XLVIII.

The lower pinnules of Pentacrinus do not present anything like the characters of

thosfe of Metacrinus, the only approach to this type being the relatively large size of

their lower joints in Pentacrinus asterius (PI. XIII. fig. 1) and in some forms of

Pentacrinus miilleri (PI. XV. fig. 3) ; while the distichal pinnules never receive their

ambulacra direct from the peristome or from one of the five primary ambulacra of the

disk, as do the radial and lower distichal pinnules of Metacrinus (PL XXXIX. fig. 2

;

PL XLIII. fig. 3 ; PL L. fig. 3). This character is at once sufiicient to separate the disks

of the two genera ; but it does not produce any important efi"ect upon their external

appearance in the same way as do the large number of radials and the great size of

the pinnules borne by them. There are other very striking features, however, which

considerably affect the general facies of the species of Metacrinus. There is always a

much greater length of the terminal portions of the arms which have undeveloped j)innules

than in any species of Petitacrinns ; and this gives a curious rat-tailed appearance to the

general plume of arms. Compare Pentacnnus (Pis. XI., XV., XVIII. , XIX., XXV.,

XXVIIL, XXXL, XXXIV.), Metacrinus (Pis. XXXVIIL, XL., XLII.-XLIV., XLVIIL,

XLIX., LL, LIL).

An examination of these Plates will also bring out the more striking difierences in the

characters of the stems of the two types. The cirri of Peiitacrinus vary considerably in

length and in appearance, being long and stout in Pentacrinus asterius and Pentacrinus

miilleri (Pis. XL, XIV.) ; shorter in Pentacrinus ivyville-thomsoni, though stdl stout

(PL XIX.) ; and slender in Pentacrinus naresianus, Pentacrinus decorus, and Penta-

crinus hlakei (Pis. XXVIIL, XXXL, and XXXIV.), the number of joints varying from

twenty to fifty. In Metacrinus, however, the mature cirri nearly always have over forty

joints, which are generally moderately stout ; though of course they are not absolutely so

large in the less robust types like Metacrinus costatus (PL XLIX.) and Metacrinus

nodosus (PL L.), as in Metacrinus angulatus (PL XXXVIIL), Metacrinus cingidatus

(PL XL.), and Metacrinus murrayi (PL XLIL). In the three types last mentioned, and

also in Metacrinus interruptus (PL LIL), the cirri about the tenth or twelfth node are

larger than those below them ; but in other species this diflerence is not so manifest.

All the species of the genus, however, have the older cirri more or less directed upwards,

as is especially weU shown in Metacrinus angidatus (PL XXXVIIL), Metacrinus wyvillii

(PL XLVIIL), Metacrinus iiiterruptus (PL LIL), and Metacrinus tuherosus (PL LIII.)

;

though it is less marked in Metacrinus varians (PL XLIV,). This character occurs in

no Pentacrinus excepting Pentacrinus ivyville-thomsoni (PL XIX. fig. 1)", and is by no

means constant in that type. But the. result of it is that the supra-nodal joint takes a

considerable share in the formation of the cirrus-socket, being more or less deeply incised
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to receive the wide basal joints of the cirri ; so that its re-entering angles are deeper than

those of an ordinary internodal joint (compare PI. XXXIX. figs. 8, 9 ; and PI. LIII.

figs. 2, 4). The infra-nodal joints, however, are less deeply incised than those of Penta-

crinus, and are sometimes not modified at all, as in Metacnnus interruptus and

Metacrimis rotundus. This is the case in Pentacrinus unjviUe-thomsoni (PI. XIX.

figs. 3, 4), in which the lower edge of the cirrus-socket of the nodal joint projects out-

wards beyond the level of the infra-nodal joint below it, while the supra-nodal is only

slightly modified to receive the bases of the upward projecting cirri. Traces of a similar

rim at the lower edge of the cirrus-socket are to be seen in Metacrinus interruptus

(PI. LII. fig. 2).

I know of no characters by which isolated internodal joints of Metacrimis can be

distinguished from those of Pentacrinus, the relations of the teeth to the petaloid sectors

being the same in both types. But the number of internodals is much more constant

in Metacrinus than in Pentacrinus. In the latter genus there may be only one or two,

as in Pentacrinus maelearanus (PI. XVI. fig. 1) ; or about sixteen in Pentacrinus

asterius (PI. XL), and about forty in Pentacrimis wyville-thonisoni ; whereas in Meta-

crimis the limits of variation are from six or seven in Metacrinus loyvillii (PI. XLVIII.)

to thirteen in Metacrinus murrayi (PL XLIL) ; so that this character is of less value in

the classification of the species than it is in Pentacrinus.

The geographical range of Metacrinus is much more limited than that of Pentacrinus.

Neither genus has been found in the Pacific east of long. 170° W.; but there are no

Atlantic species of Metacrinus. Pentacrinus was obtained without Metacrinus at

Stations 171 and 175 in the South Pacific ; while Metacrinus occurred alone at Station

209 (among the Philippines), and also in considerable abundance and variety at Station

192, in the Arafura Sea. It extends as far west as Singapore, and is represented by two

species in Japanese waters, where no Pentacrinus is known, excepting the doubtful

Pentacrinus mollis (PL XXXIII. figs. 7-10). On the other hand, Metacrinus has not

been met with below 630 fathoms, while Pentacrinus has been dredged at 1095 fathoms

in the Atlantic, and 1375 fathoms in the Pacific Oceans.

The mutual relations of the thirteen species of Metacrinus in which the calyx is

known, are shown in the following Table. The Challenger species are numbered 1 to

11, and the letters P. H. C. are appended to those which I have recently described

in the Transactions of the Liunean Society. The " Vega " specimen, which concludes the

list, has not yet been described. There are two other species of the genus (one obtained

Ijy the Challenger) which are known as yet only by the characters of their stems ; and I

have therefore been obliged to place them in a separate list, as the number of radials in

the cup is still an unknown quantity.
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Genus Metacrinus (Wyville Thomson, MS.), P. H. Carpenter, 1884.

Four radials;

the second

a syzygy.

Eight to twelve inter-
(
Kidges incomplete,

nodal joints witb. hori-
^

zontal ridges. ( Eidge& continuous,

L angulatus, n. sp.

2. cingulatus, n. sp.

Ten to

thir-

teen

inter- '

nodal

joints.

Lower parts of

rays smooth.

Forty-five cir-

rus joints.

I\adials irre-

gular; usu-

ally five

or six ; the

secondand
also the

fourth

often a

syzygy.

Six radials

;

the second

and fourth

syzygies.
'

Angles of

stem sharp

and pro-

duced out-

wards.

Thirteen internodal joints with in- \

curved sides. Interarticular V S. murrayi, n. sp.

pores to thirteenth node.
j

Ten or twelve internodal joints \

with Hat sides. Interarticular > 4. nobilis, n. sp.

pores to tenth node. )

Lower parts of rays have raised distal edges.

Sixty-five cirrus-joints. Interarticular pores to

. eighteenth node.

Six to ten internodal joints with nearly fiat sides. Inter-

articular pores to ahout the sixth node.

superhus, P. H. C.

\ 5. varians, n. sp.

Seven to nine internodal joints; the larger ones with a stronjj I ^ , .

median gu-dle. f
6- '^^oseleyi, n. sp.

Eleven or twelve smooth internodal joints, . . . rotimdus,'?. B.. C.

Three ray-divisions. Cirrus-facets as high as

the nodal joints. Five to eight internodals with V 7. wyvillii, n. sp.

horizontal ridges.

Six to

nine

inter- -( Four ray-divi-

uodal sions. Nodal
joints. joints higher -

Eight or nine internodals, with
flat tubercular sides. Angles of \ 9. nodosus, n. sp.

Stem with strong interradial ridges '\

and nearly smooth, slightly \ a
hollowed sides. Seven or eight \

^- '"^t^^'^s, n. sp.

internodals. )

than cirrus-

facets

I nodals enlarged.

Ten or

eleven

inter-

nodal

joints.

' Stem pentagonal, with a tubercle at each angle
)

and ridges on the sides, but not forming a > 10. inten-uptus, n. sp.

complete girdle. Usually eight distichals.
j

Eounded stem without ridges. Usually teu dis-

tichals.
> The " Vega " specimen.

Seven internodals with median tubercles. lufra-nodals not
incised.

\ Eleven internodals with slight horizontal ridges. Infra-

[ nodals not incised.

[11. tuberumw, n. sp.

!• stewarti, P. H. C.
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1. Metctcrinus angulatus, n. sp. (Pis. XXXVIII., XXXIX.).

Dimensions.

Greatest length of stem, terminating at the thirty-fifth node, . .
38 -50 cm.

Diameter of stem, . . . . . . . .5-75 mm.

Longest cirrus (fifty-seven joints), ...... 5.3-00 ,,

l>iameter of calyx, ........ 8'25 ,,

Diameter of disk, ........ 20-00 „

Length of arm (one hundred and ten joints), .... 9000 „

Length of large distichal pinnule (twenty joints), .... 23-00 „

Length of first pinnule after tertiary axillary (twelve joints), . . 10-00 „

Stem robust, with a sharply pentagonal outline. Eight to twelve internodal joints

with but slightly crenulated edges. Their faces are distinctly stellate, while the angles

are sharpened and slightly produced outwards ; and their sides bear strong horizontal

rido-es, the edges of which are coarsely denticulate. Nodal joints more distinctly stellate

in outline and without horizontal ridges. The cirrus-facets reach closer to their upper

than to their lower edges, while the supra-nodal joints are slightly incised to receive the

bases of the large cirri, which are mostly directed upwards, and are longest at the twelfth

node. They usually consist of forty-five to fifty-five stout joints, which are very uniform

in appearance except at the two ends. The lower joints are quite short, and the distal

edfes are longer than the proximal ones, so that the joints seem to have slight dorsal

projections at their distal ends. The interarticular pores terminate between the tenth

and twelfth nodes.

Basals widely hexagonal, united into a complete ring, and rather prominent on the

exterior of the calyx. They are much higher in the middle line than at the lateral edges,

and the lower angle is often produced considerably downwards over the upper stem-

joints. Four radials, the first comparatively short and the second a syzygy with a

pinnule on the epizygal, the third also bearing a pinnule and the last axillary. Rarely

more than three divisions of the rays, which are in close apposition, being only separated

by the bases of the large lower pinnules. Forty to fifty arms, generally consisting of about

one hundred slightly overlapping joints beyond the last axillary. Primary arms of six

to ten distichals (usually eight or nine), of which the second or thiixl is a syzygy.

Secondary arms of ten to fourteen palmars, sometimes as many as twenty, the third of

which is usually a syzygy. Tertiary arms rare ; consisting when present of fourteen to

thirty joints, the third of which is a syzygy. There is generally a syzygy in the thkd

brachial of the free arm. Another somewhere between the tenth and thu-tieth brachials,

and others at intervals of six to twelve joints.

A pinnule on the epizygal of the second radial, and on the first joint after each

axillary. The first pinnules, as far as the beginning of the secondary arms, are much

laroer than their successors, consisting of about twenty joints, the lowest of which are

(ZOOL. CHALL. EXP. PART XXXII.— 1884.) Il ^4
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very massive, and generally somewhat cuboidal ; while the next few are narrower with

flattened sides, but still of great thickness in a dorsoveutral direction. The thickness

gradually diminishes, and the outer part of the pinnule consists of moderately long,

somewhat flattened joints, with the dorsal edges sharpened and projecting slightly forward

over the bases of their successors. The distichal pinnules on the outer sides of the ray

are longer and have somewhat larger joints than those borne by the radials. Beyond the

distichal axillary, the size of the pinnules gradually -decreases, the lower joints becoming

at first prismatic and then flattened, but remaining distinctly larger than their successors

for some little distance beyond the palmar axillaries. The later pinnules are short and
styliform.

The disk bears numerous small scaly plates, which are more thickly grouped on the

anal tube than elsewhere. Disk-ambulacra strongly but irregularly plated ; those of the

arms distinctly above the arm-groove, and supported by regular bifid plates which become
diiferentiated on the pinnules into covering plates and ill defined side plates.

Colour when fresh—the stems almost white, and the crowns light yellow or light

reddish-orange (Moseley) ; in spirit, white or whitish-brown.

Xoca%.—Station 192, September 26, 1874 ; in the Arafura Sea, oflf the Ki Islands
;

lat. 5° 49' S., long. 132° 14' E.; 140 fathoms ; blue mud. Seven specimens, and possibly

more.

Remarks.—This species is readily distinguished from its nearest ally {Metacrinus

cingulatus) by the characters of its stem-joints (PL XXXIX. figs. 3-11). They are

much more sharply stellate than in that type (PL XLI. figs. 1-3), having deeper

re-entering angles ; while the horizontal ridges on the sides of the internodal joints are

generally not continuous, but interrupted at the angles, which are somewhat produced
outwards (PL XXXIX. fig. 3). One specimen presents a curious variation in this

respect. The horizontal ridges on the thicker joints are enlarged so as to have a some-

what diamond shaped aspect, wdth more or less produced lateral angles (PL XXXIX.
fig. 11) ; and when this ridge is large it shows itself very plainly in a terminal view of

the joint-face, outside the line of teeth (compare PL XXXIX. figs. 8 and 11). In this

specimen too the downward extension of the basals over the upper stem-joints is

especially well marked, and the supra-nodal joint is rather more hollowed to receive

the cirrus-bases than it is in the type. The stems of five specimens all terminate below

in a nodal joint. In two cases there appears to have been an attached portion of stem

beneath
;
for the surface of this lowest nodal joint is comparatively fresh and its central

canal visible
; but in the other three stems this surface is somewhat worn, and I cannot

make out the opening of the central canal, which appears to have been closed up, the

animal living in a semi-free condition like Pentacrinus loyville-thomsoni, Pentacrhms
maclearanus, or Pentacrinus alternicirrus. The respective lengths of these stems are

as follows :—(1) 38'5 cm. long, closed at the thirty-fifth node
; (2) 23-5 cm. long, closed
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at the twenty-fourth node; (3) 22"5 cm. long, closed at the twenty-fifth node. The

individuals of this species present various forms of monstrosity, some of which have

already been mentioned :

—

(l) The presence of six joints in one ray, of which the second

and the axillary are syzygies, thus approaching the other group of Metacriinis species.

(2) The presence of eleven radials on one ray, which recalls the irregularities of the

Palaeocrinoids. (3) The eighth joint of one of the primary arms is not a distichal axillary

as usual, but it is swollen and bears a slightly larger pinnule than the preceding joint,

so that it resembles an axillary with unequal faces. Fourteen joints further on there is

an axillary which corresponds to that on the secondary arms of other rays. (4) The

presence of a second smaller aual tube at the side of the ordinary one (PI. XXXIX.
fig. 2), an individual of Myzostoma tcyviUe-tJiomsoni, von Graff", having attached itself

between the two. (5) The two arm-trunks borne by one of the palmar axUlaries each have

a syzygy in the third brachial, and then unite again into a single trunk. The fourth

joint of the right-hand arm has the shape of an axillary reversed, i.e., it has two proximal

faces, one of which meets the epizygal of the third brachial, and the other the fourth

brachial of the left-hand arm. It bears a pinnule on its left side, and as it is the fourth

joint of one arm-trunk, and the fifth of the other, the ordinary sequence of the pinnules

is uninterrupted, and continues normal throughout the rest of the arm which is borne by

this reversed axUlary.

2. Metac7'inus'cingiilatm, n. sp. (PI. XL., PI. XLI. figs. 1-4).

Dimensions.

Length of stem to tliirty-third node.

Diameter of stem,

Longest cirrus (fifty joints), .

Diameter of calyx, .

Diameter of disk,

Length of arm (one hundred joints).

Length of large distichal pinnule (twenty-five joints).

Length of first pinnule after tertiary axillary (fifteen joints),

3.5-00 cm.

5'50 mm.
51-00 „

8-00 „

IS'OO „

135-00 „

28-00 „

10-00 „

Stem robust, with a sharply pentagonal outline. Six to fifteen (usually eight to

twelve) intei-Kodal joints, with moderately crenulated edges. Their faces are bluntly

stellate, with shallow re-entering angles ; while their sides bear strong horizontal ridges

which are slightly mi^re prominent at the angles of the stem, and are often marked by

irregular indentations. The nodal joints are more distinctly stellate, and have no ridges

except at the angles and where the cirrus-facets are absent. These reach closer to thc

lower than to the upper edges of the nodal joints, but the incision of the supra-nodals

is fairly distinct. The cirri have about forty to fifty tolerably uniform joints, and are
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longest between the eleventh and twelfth nodes. The interarticular pores end between

the eighth and tenth nodes.

Basals prominent, more or less extended downwards. Eadials four, the second a

syzygy. Earely more than four divisions of the rays, giving forty or fifty arms, which

consist of about one hundred joints beyond the last axillary, the basal ones slightly over-

lapping. Primary arms of six to eight, or sometimes ten distichals, of which the second

or third is a syzygy. Secondaries of ten to fifteen (usually twelve to fourteen) palmars,

the third generally a syzygy. Tertiary arms rare, consisting of fourteen to twenty-six

(usually eighteen to twenty) joints, the third of which is a syzygy. In rare cases there

is another axillary after twenty joints more. There is generally a syzygy in the third

brachial of the free arm, another Ijetween the seventh and twenty-sixth, and others at

intervals of six to eighteen joints. The distichal pinnules have large outer joints, and
are therefore larger on the whole than those on the radials, though the basal joints are

generally less massive than in the radial pinnules. All the pinnules, and especially the

lower ones, have a serrate dorsal edge. The disk bears numerous small plates, which are

not very closely set, except in the anal interradius. The ambulacra of the disk and arm-

bases are supported by irregular elongated plates, the latter being distinctly above the

arm-groove, with a few ambulacra! plates at their sides. The lirachial ambulacra pro-

tected by smaller bifid plates, which become difi'erentiated on the pinnules into covering

and side plates.

Colour when fresh—the stems almost white, and the crowns light yellow or light

reddish-orange (Moseley) ; in spirit, white.

Zoc«.%.—Station 192, September 26, 1874 ; in the Arafura Sea, ofi"the Ki Islands;

lat. 5° 49' S., long. 132° 14' E. ; 140 fathoms ; blue mud. Two specimens.

Remarh.—This species is at first sight not unlike 3Ietacj-inus angiilatus (PI.

XXXVIII.), having about the same number of internodal joints in the stem, and a nearly

identical arrangement of the arm -divisions. The stem-joints, however, are very diff"erent

in the two types. The horizontal ridges, which are interrupted at the angles of the stem

in Metacrinus angiilatus (PI. XXXIX. figs. 3, 11), are usually continued right round the

joints in Metacrinus cingulatus (PL XLI. figs. 1, 3) ; and they appear also as enlargements

of the angles of the nodal joints (PI. XLI. fig. 2), which are much less sharp than in

Metacrinus angiilatus (PL XXXIX. fig. 4). As a rule too there are generally slightly

fewer joints between the successive axillaries of the dividing rays than in the latter species,

but the character of the arms and of the pinnules which they bear is very much the same
in both.

The two specimens of Metacrinus cingulatus which were obtained by the Challenger

diflTer somewhat in their characters, and each exhibits a certain amount of variation.

In the smaller individual there is an irregularity in one of the rays. The fourth or

axillary radial is not articulated to the preceding joint, as is usually the case, but the two
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are uuited by syzygy. The third radial therefore, being a hypozygal, bears no pinnule.

But the normal number of pinnules, one on each side of the ray, is still maintained ; for

the second radial, itself a syzygial joint, bears a pinnule on each side.

The stem of this specimen, which is broken at the bottom, tapers slightly downwards,

and has tolerably regular internodes, with five cirri at each node in the usual way.

The stem of the other individual, however, does not decrease in size at its lower end,

which terminates in a uodal joint with a freshly exposed under surface. The inter-

nodes of this stem are very irregular in length, and generally consist of one or two joints

more than in the smaller specimen, while the development of cirri at the nodes is

extremely irregular. No less than ten of the thirty-three remaining nodes have one or

more cirri deficient, as shown in the following Table :

—

Node.

5th
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articular surfaces of the wide and deep cirrus-sockets are limited to tie nodal joints,

which are markedly stellate in form, though their angles are not produced outwards.

The infra-nodals are also deeply notched by the downward extensions of the cirrus-

sockets. Cirri composed of about forty-five joints, almost all of which, and especially

the basal ones, are wider than long. Interarticular pores disajapear at the thir-

teenth node.

The basals appear externally as rhomljoidal knobs, but they extend laterally to meet

their fellows in the re-entering angles of the calyx. Four radials, of which the first is

relatively short and wide, and the second a syzygy. The rays divide four, and

occasionally five, times, giving about ninety arms. These consist of about one hundred

and ten joints above the tertiary axillaries, and, like the rays, are quite smooth at the

base, only becoming serrate towards the extremities. Four or rarely six distichals in the

primary arms ; eight or ten palmars in the secondaries ; and the tertiaries of eight to

eighteen (usually twelve or fourteen) joints. The next division (when present) occurs

after about fourteen or sixteen (ten to twenty-four) joints more. The third joint after

each axillary is usually a syzygy. Another between the tenth and thii-tieth brachials,

and then an interval of five to thirteen joints between successive syzygies.

The two radial pinnules, and also those on the lower distichals, have one or two

massive basal joints ; but the follo-wang joints, though long and moderately thick, are

very much flattened laterally, so that the dorsal surface is reduced to a mere edge. The
longest pinnules are those immediately above and below the distichal axillary, and are

less compressed than their predecessors, so that the joints are more uniform in appear-

ance, though the lower ones are relatively large and cuboidal. The palmar pinnules are

all long ; but the size begins to diminish beyond the axillaries, rapidly at first, and after-

wards somewhat slowly.

The disk is thickly covered with j^lates which are small and more closely set upon the

anal tube than elsewhere. Brachial ambulacra not much above the arm-groove, and
supported by bifid plates which are diflerentiated into side and covering plates about the

middle of the pinnules.

Colour in spirit—calyx and arm-bases grey ; arms and stem nearly white, but the tips

of the arms light brown.

Remarks.—The fine specimen which forms the subject of the above description has

unfortunately lost most of its arms in the usual way, viz., by fracture at one or other of

the lower syzygies. In the frequency of its ray-divisions, in the constant presence of

supra-palmars, and in the diameter of its stem, it ranks among the largest tj^Qs of

recent Pentacrinidje, and I have much pleasure in associating it With, the well known
name of Mr. John Murray.

The species which it most nearly resembles is Metacrinus noUlis, from Station 192,

near the Ki Islands ; though the two forms differ considerably in the characters of the
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stem, as may be seen by compariug figs. 5-7 and figs. 15-17 on PL XLI. The

whole stem of Metacrinus murrayi is sUghtly grooved along the interradial lines

(fig. 15), so that the pentagonal outline of the internodal joints has shallow re-entering

angles (fig. 17), while those of the nodal joints are sharper than in Metacrinus nohilis

(figs. 6, 16). The modification of the supra-uodals is about the same in both t}'pes, but

the infra-nodals of Metacrinus nohilis are more cut away to receive the cirrus-bases than

are those oi Metacrinus murrayi (PI. XLI. figs. 5, 15). The internodes of the stem in

the latter species are slightly longer, and the interarticular pores reach farther from the

cup than in Metacnnus nohilis, but there are fewer joints in the primary arms, and the

dorsal edges of the pinnules are less serrate (PI. XLI. figs. 9, 10 ; PI. XLII. figs. 2, 3). Of

the two remaining species with smooth stems and four radicals, Metacrinus superbus is

readily distinguished from Metacrinus murmyi by the great size of the cirri and the

roughness of the arm-bases ; while the stem of the smaller Metacrinus varians has

considerably shorter internodes and nearly flat sides.

The habitat of Metacrinus murrayi is unfortunately unknown, no record having been

kept of the Station at which it was dredged. It may perhaps be one of the two species

which are noted in Sir Wyville Thomson's diary as having been ol)tained at Station 210

(Panglao), no Crinoid having reached me with the label of this Station. On the other

hand, it may have been found at Station 192 (Ki Islands) or Station 214 (Meangis

Islands). A Cirripede attached to one of the cirri was identified by Dr. Hoek as

Scalpellum halanoides. This species is abundant at Station 192; and Dr. Hoek had

seen individuals from no other locality. Under these circumstances one would almost

have been justified in assigning Metacrinus murrayi to that Station ; but Dr. Hoek has

also recognised Scalpellum halanoides on a cirrus of Metacrinus varians which I sent

him from Station 214. Either of these Stations therefore, to say nothing of Station 210,

might have been the habitat of Metacrinus murrayi.

4. Metacrinus nohilis, n. sp. (PL XLI. figs. 5-11
; PL XL III.).

Dimensions.

Lengtli of stem to twenty-fifth node,

Diameter of stem, ....
Longest cirrus (forty-eight joints),

Diameter of calyx, ....
Diameter of disk, ....
Length of arm (one hundred and twenty joints ahove tertiary axillary),

Length of large distichal pinnule (twenty-three joints),

Length of first pinnule after tertiary axillary (thirteen joints

28-00 cm.

7-00 mm.
46-00 „

9-00 „

21-00 „

125-00 „

27-00 „

14-00 „

Stem robust, with a simple pentagonal outline and smooth, flat sides. Usually ten or

twelve internodal joints, with slightly erenulated edges. Nodal joints bluntly stellate, with
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wide sockets which take up their whole height and encroach considerably both on infra-

nodal and on supra-nodal joints. The cirri have about forty-five tolerably uniform joints,

and are longest between the twelfth and fourteenth nodes. The interarticular pores end

at the tenth node.

Basals prominent, with slight downward extensions. Eadials four, rather strongly

convex, the second a syzygy. Generally four, and sometimes five divisions of the rays,

giving seventy arms or more. These have from one hundred to one hundred and twenty

joints beyond the last axillary, and are smooth at the base ; but their middle and outer

portions are markedly serrate in the medio-dorsal line. Primary arms usually of five

distichal joints, one or sometimes two of which are syzygial. Eight or nine palmars in

the secondary arms, the second or third of which is a syzygy. Tertiaries of twelve to

twenty joints (usually about fifteen), with the third a syzygy. In a few cases there

is another division after about twenty joints more. There is generally a syzygy in the

third brachial of the free arm ; another between the twelfth and thirty-seventh brachials,

and others at intervals of four to thirteen joints.

The pinnules on the radials and lower distichals are all very long and much com-

pressed above the enlarged basal joints, while their terminal portions have a serrate

dorsal edge. The following pinnules, as far as the tertiary axillaries, have wide

and somewhat prismatic basal joints like those lower down on the rays, but with more

curved sides, and consisting of more uniform joints, the dorsal edges of which project

forwards.

Disk rather closely plated, especially in the anal iuterradius and along the ambulacra.

Brachial ambulacra partially withdrawn into the arm-groove, and supported by

irregularly shaped plates. Side plates not differentiated tdl near the ends of the

pinnules.

Colour when fresh—the stems almost white, and the crowns light yellow or light

reddish-orange (Moseley) ; in spirit, white, with traces of light brown.

Locality.—Station 192, September 26, 1874 ; in the Arafura Sea, off the Ki Islands
;

lat. 5° 49' S., long. 132° 14' E. ; 140 fathoms ; blue mud. Two large specimens, one of

which has lost all its arms, and one smaller varietal form.

Remarks.—This fine species is readily distinguished from Metacrinus murrayi by its

flat ungrooved stem (PL XLI. fig. 5), with shorter internodes and more markedly incised

infra-nodal joints (PI. XLIII fig. 1). The primary arms are generally longer than in

that type, and the extremities of the arms and pinnules more serrate. Metacrinus

varians, which resembles Metacrinus nobilis in having a flat ungrooved stem

(PL XLVII. figs. 6, 8), is altogether a smaller type with shorter internodes and no

axillaries after the palmars, so that the number of arms does not exceed forty ; while

the large Metacrinus sivperhus has many more cirrus-joints and its arm-bases uneven,

owing to the thickness of the proximal and distal edges of the joints.
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Too-etlier with the two Large specimens of Metacrinus nohilis which agree very well

in their general characters, there was also obtained a fragment of stem which appears to

belong to this species. The iuternodes are much shorter than in the type, and contain a

number of thin joints which are evidently newly formed ; while there are traces of inter-

articular pores in its upper portion. As, however, the cirri are aU directed downwards it

is possible that the individual was in a semi-free condition, with a comparatively short

stem like Pentacrinus maclearanus (PI. XVI.) or Pentacrinus alternicirrus. At one of

the nodes a cirrus-socket is totally undeveloped ; and the same appears to be the case at

another node farther down the stem, where a large Verruca covers the whole of one side

of the nodal joint, also extending on to those above and below it.

Besides the two large specimens mentioned above there was also obtained at Station

192 a smaller individual which agrees so closely with the type of this species that I find

some difficulty in separating it, although the two forms appear at first sight to be totally

difi"erent. The stem, which is much more rounded than in the type (PL XLI. figs. 7, 8),

is barely 5 mm. in diameter ; and although the internodal joints are generally smooth,

their angles are sometimes slightly produced outwards, while indications of horizontal

ridges appear here and there below the twelfth node. The grouping of the arm-divisions

is essentially the same as in the larger type, so far as can be made out in the fragmentary

condition of the dried specimen; and in default of further information respecting

its characters, I do not see how to classify it otherwise than as an immature or smaller

variety of Metacrinus nohilis.

5. Metacrinus varians, n. sp. (PL XLIV. ; PL XLVIL figs. 6-12).

Dimensions.

Length of stem to thirty-second node, . . . . .34-00 cm
5'25 mm.

40'00 „

8-60 „

85-00 „

16-00 „

Diameter of stem, ....
Longest cirrus (fifty joints),...
Diameter of calyx, ....
Length of arm (ninety joints beyond palmar axillary

Length of distichal pinnule (eighteen joints),

Length of first pinnule after palmar axillary (nineteen joints), . . 12-00 „

Stem moderately robust, with a simple pentagonal outline, its sides being nearly flat,

and scarcely grooved at all. Six to ten internodal joints (usually eight or nine), with

smooth sides and but faintly crenulated edges. Nodal joints bluntly stellate, with

moderately wide sockets which take up their whole height, extending well downwards on

to the infra-nodals and also upwards on to the supra-nodals. Cirri of forty-five to fifty

very uniform joints, the lowest of which are but little wider than their successors ; the

(ZOOL. CHALL. EXP.—PART SXXII.—1884.) li 45
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lower cirri not specially shorter tlian the upper. Interarticular pores end between the

fifth and seventh nodes.

Basals variable, sometimes flattened and almost oblong, with wide upper angles and

no downward extensions ; sometimes very prominent and sharply pointed below.

Radials usually four, with rather flattened surfaces, the second a syzygy. But there are

several variations from this type. The rays divide three, or rarely four, times, giving

about forty arms. These have about ninety joints beyond the last axillary, and are

moderately smooth at the base ; but their terminal portions become strongly serrate in

the medio-dorsal line. Primary arms of six to ten (usually six or eight) distichals, the

second or third of which is a syzygy. Secondary arms of ten to twenty-five (usually

twelve or fourteen) palmars, the third of which is generallj^ a syzygy. On the outer side

of the ray there is sometimes, but rarely, another axillary after from fourteen to twenty-

six joints, of which the second or third is a syzygy. There is generally a syzygy in the

third brachial of the free arm ; another between the seventh and eleventh brachials, and

others at intervals of two to seventeen (usually four to eight) joints.

Some of the radial pinnules are large, with massive and cuboidal lower joints ; but the

four following pinnules are smaller, and the basal joints, though broad and somewhat

flattened, are not as a rule specially massive, becoming comparatively inconspicuous

after the j^almar axillary. Their dorsal edge is sharp but not strongly serrate.

Disk well jslated, both at the sides of and between the ambulacra. Brachial ambulacra

but little above the arm-groove, and supported by large plates which soon pass into dis-

tinct side and covering plates on the pinnules.

Colour in spirit, grepsh-white ;
" of a uniform dusky purple when fresh " (Moselej-).

Locality.—Station 170a, July 14, 1874; near the Kermadec Islands; lat. 29° 45'

S., long. 178° 11' W. ; 630 fathoms ; volcanic mud ; bottom temperature, 39°"5 F. One

specimen, but doubtful.

Station 214, February 10, 1875; ofi" the Meangis Islands; lat. 4° 33' N., long.

127° 6' E.; 500 fathoms; blue mud; bottom temperature, 41"-8 F. Three (four?)

specimens.

Remarks.—The individual figured on PI. XLIV;, which is very well preserved, was

obtained at Station 214, off the Meangis Islands, together with two other examples which

have the arms broken off at the syzygy in the second radials. A fourth mutilated

individual, which had lost the disk and two rays, reached me in a bottle which also con-

tained one sjiecimen of Metacrinus ivyvillii, and the label of Station 170a (near the

Kermadecs). On the other hand, the figured specimen of Metacrinus wyvillii and also

that of Metacrinus varians were together in a jar with the label of Station 214

(Meangis Islands). There is no question from other evidence that Metacrinus ivyvillii,

like Pentacrinus naresianus, occurs at both Stations ; but I am a little uncertain about

the single specimen of Metacrinus varians. For the two species, although distinctly
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differentiated by Sir Wyville Thomson, and drawn ou separate plates, do not seem to have

been kep't apart by him ; and it is just possible that one individual of each may have been

accidentally interchanged. An additional reason for believing that this doubtful example

of Metacrinus varians really belongs to Station 214, and not to Station 170a, is that both

the Cirripedes {Scalpellum halanoides and Verruca nitida) which are attached to the

stem and cirri are recorded from Station 214, but not from Station 170a.

The four iudi\'iduals of Metacrinus varians which the collection contains present a

considerable amount of variation in several points of structure. One of them has a cirrus

missing at one of the nodes on the stem, while two more are undeveloped at another node.

The radials vary greatly, and present the following modifications, the second being a

syzygy in every case :

—

Three radials, the axillary a syzygy.

Four radials, the axillary simple (type).

Four radials, the axillary a syzygy.

Five radials, the axillary a syzygy.

In correspondence with this there is a great amount of variation in the size of the

liasal joints of the lowest pinnules. For there may be sometimes only one, and some-

times two of these appendages in each interradial space ; and in the latter case the basal

joints of one or both of them are much smaller than usual. The size of the distichal

pinnules is also to some extent affected in the same way, the first one being frequently

much smaller at the base than its successors.

Metacrinus varians is a species that stands very much by itself among those forms of

Metacrinus which have normally but four radials. It is smaller and less robust than all

the species previously described. From Metacrinus angidatus and Metacrinus cingu-

latus it differs in the absence of the markings on the sides of the stem-joints

(PI. XXXIX. figs. 3, 11 ; PI. XLI. fig. 1 ; PL XLVII. fig. 6), and in the slightly shorter

internodes ; while in the types with smooth stems (Metacrinus nobilis, Metacrinus

murrayi, and Metacrinus siiperhus) the internodes are considerably longer than in the

more slender Metacrinus varians, and the grouping of the arm-divisions is different.

G. Metacrinus moseleyi, n. sp. (Pis. XLY., XLVL).

Dimensions.

Length of tapering stem of young individual to twenty-third node.

Diameter of lower part of stem, ....
Longest cirrus (forty-five joints), . . . ' .

Diameter of calyx, ......
Length of the first radial pinnule (fifteen joints),

Length of first pinnule after palmar axillary (thirteen joints),
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Stem slender and of a rounded pentagonal form, without lateral grooves. Usually

seven internodal joints with scarcely crenulated edges and more or less marked horizontal

ridges, which are especially prominent on the larger joints. The nodal joints are deeply

hollowed by the cirrus-sockets, and have their angles slightly produced, so as to be lobate

in form. The sockets extend but very slightly either on to the supra- or on to the infra-

nodals. Cirri composed of forty to forty-five joints, the basal ones of which are not

specially broad, while their successors are often a trifle longer than wide. Interarticular

pores end at the sixth node.

Basals relatively very large and convex, pentagonal or almost oblong in form. {N.B.,

the preceding description is based upon one individual only.) Radials very variable,

sometimes only three or four, but usually five or even six, with the second and sometimes

also the fourth a syzygy. Most of the rays divide three times, giving from thirty to

forty arms, the longest unbroken ones of which consist of about fifty joints beyond the

palmar axillary.

The dorsal surface of the skeleton is rather uneven, owing to the overlapping of the

joints and the elevation of their distal edges, especially between the radials and the

palmar axUlaries. Primary arms of six to twelve (generally eight or ten) joints.

Secondaries of seven to sixteen (usually ten or twelve) palmars. The third joint, but not

unfrequently the fourth or fifth, after each axillary is generally a syzygy. The next

syzygy in the free arms may be anywhere between the fifth and the thirtieth brachials,

and others follow at very irregular intervals.

The radial pinnules vary in appearance according to their position, but the two lower

joints are larger and more cuboidal than the rest, which are flattened lateraUj". The

distichal and palmar pimiules are shorter than those on the radials, and gradually decrease

in size. Their dorsal edge is sharpened, but the two lower joints are broad and

expanded, as is also the case, though in a less degree, with the first pinnules on the free

arms.

The disk is thickly covered with comparatively large plates, and the ambulaeral

skeleton is well developed. The brachial ambulacra are withdrawn into the narrow arm-

groove, and but little plated independently of those of the pinnules, which have squarish

side plates and large, rounded, covering plates.

Colour—a uniform dusky purple when fresh (Moseley), light grey when dry, almost

white in spirit.

Locality.—Station 214, February 10 ,1875 ; ofi" the Meangis Islands ; lat. 4° 33' N.,

long. 127° 6' W. ; 500 fathoms ; blue mud ; bottom temperature, 41°'8 F. Two specimens.

Remarks—I have much pleasure in associating this pretty little species with the

name of Prof H. N. Moseley, F.R.S. Two specimens of it were obtained by the

Challengei'. One of them, represented on PI. XLV., is evidently immature, as shown

by the relatively large size of its basals, the length of its lower and middle cirrus-
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joints, the frequent alternation of thick and thin joints in the stem, and the small size of

its arms.

The Idrger specimen, figured on PL XLVL, appears to have met with an accident since

it was drawn, for it came into my hands in the dry state, having lost its stem and basal

rino-. The characters of the rays and arms, however, are so essentially similar to those of

the smaller individual that I have no hesitation in regarding the two as identical. The

characters of the stem as a whole come nearest to those of Metacrinus cingulatus

(compare PL XLI. figs. 1-3, and PL XLV. figs. 2-6). In both cases there is a continu-

ous horizontal ridge round each of the mature internodal joints, but the articular faces

are more lobate in Metacrinus cingulatus (PL XLI. fig. 3) than in Metacrinus moseJeyi

(PL XLV. fig. 2). The same is the case with the nodal joints which have more produced

angles and consequently deeper cirrus-sockets in Metacrimis moseleyi than in the larger

species. The characters of the cup, however, are quite difi'erent in the two tj-pes, that of

Metacrinus cingulatus being extremely regular in the number of its radials, while in

Metacrinus moseleyi there may be as few as three or as many as six. The only other

species which resembles it in this respect is the large Metacrinus rotwidus ^ from Japan,

which has a smooth stem, with much longer internodes. The ten rays of the two indi-

\dduals of Metacrinus moseleyi are constructed as follows :

—

* One of three joints, the second and the axillary both syzygies.

* One of four joints, the second and the axillary both syzygies.

Three of five joints, the second a syzygy.

Two of five joints, the second and fourth syzygies.

One of six joints, the second a syzygy.

Two of six joints, the second and fourth syzygies.

The number of primitive joints in the ray, therefore, before the union of one or more

pairs by syzygy, varies from five to eight, just as in other species of Metacrinus. The

irreo-ularity which distinguishes Metacrinus moseleyi thus lies rather in the mode of

union of the primitive joints to form syzygial pairs than in any excess or defect of their

number ; though as a general rule there are either five {Metacrinus angulatus) or eight

[Metacrinus icyvillii), and not both types in the same individual.

Two very anomalous instances which occur in the dry specimen are marked with an

asterisk in the above list. In the first case the five primitive radials have become

reduced to three, owing to the union of the last four into two syzygial pairs. In

Metacrinus angulatus (PL XXXIX. fig. 1) the fourth primitive joint remains distinct

from the axillary to which it is united by muscles, and bears the second pinnule. But

on this abnormal ray of Metacrinus moseleyi these two joints are united by syzygy, and

as the hypozygal of a syzygy never bears a pinnule, the natural condition would have

1 See Traiu. Linn. Soc. Lond. (Zool.), ser. 2, vol. ii. p. 437.
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been the suppression of the second radial pinnule. As a matter of fact, however, it is

present on the epizygal of the second radial, which thus bears two pinnules, one on each

side. A similar instance of two pinnules on one joint also occurs in Metacrinus

cingulatus {ante, p. 349), and recalls the condition of certain Palseocrinoids.

In the next ray to this one the fourth radial, which is a syzygial joint, is also the

axillary; and although the first and second radial pinnules are present as usual, the

axiUary epizygal bears a pinnule in addition to the two primary arms. This pinnule,

however, really belongs to one of the first distichal joints, which is much smaller than its

fellow, and does not reach the outer edge of the arm at all. The consequence is that the

first pinnule of the primary arm is borne by its second and not by its first joint, as is

usually the case.

Apart from these irregularities, the larger dry specimen of Metacrinus moseleyi

appears to be tolerably normal in its character. But the smaller individual is different.

The stem tapers downwards, being only 3 mm. wide at the twenty-third node, but

rather over 4 mm. at the twelfth node. The arms too are much malformed by com-
mencing Myzostoma-cjsts, either in the arm itself, or in the base of a pinnule, as shown
in PI. XLV. fig. 7.

7. Metacrinus wyvillii, n. sp. (PI. XLVII. figs. 1-5 ; PL XLVIIL).

Dimensions.

Length of stem to tliirty-foui-th node,

Diameter of stem, .....
Longest cirrus (forty-five joints).

Diameter of calyx, .....
Length of arm (ninety joints beyond palmar axillary).

Length of first distichal pinnule (fifteen joints),

Length of first pinnule after palmar axillary (sixteen joints),

27-00 cm.

4'50 mm.
37-00 „
7 -'.5

80-00 „

13-00 „

10-00 „

Stem pentagonal and moderately robust. Five to eight (generally seven) internodal

joints, with more or less well defined horizontal ridges and slightly crenulated edges.

Nodal joints bluntly stellate, with large facets of variable shape which take up their

whole height, while the sockets extend on to both supra- and infra-nodal joints, especially

the latter. Cirri of forty to forty-five very uniform joints, the lowest of which are but
little wider than their successors. The lower cirri not specially shorter than the

upper. Interarticular pores extend down to the sixth or seventh node.

Basals pentagonal, large and prominent, more or less sharply pointed below, some-
times being almost hexagonal. Eadials usually six, with syzygies in the second and
fourth. The rays, which are somewhat closely set, divide three or very rarely four times,

giving nearly forty arms. These have about ninety joints above the palmar axillaries,

and are almost quite smooth dorsaUy, except in the terminal third. Primary arms of
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four to ten (usually eight or nine) distichals ; twelve to twenty-six, but usually not more

than sixteen, palmars in the secondary arms. Sometimes, but rarely, there is another

axillary after some thirteen to twenty joints more. The third joint after each axillary is

generally a syzygy. The following syzygies are distriljuted very irregularly in the free

arms. The second is between the ninth and thirtieth brachials, usually about the

twelfth or fifteenth ; and the others at intervals of three to twenty (generally ten or

twelve) joints.

The second and following radials bear pinnules of about a dozen moderately stout

joints, the lowest of which are more or less massive and cuboidal, but vary eonsiderablj^

in size according to circumstances. The first distichal pinnule is nearly similar to those

on the radials, but the following ones consist of more flattened joints, the lowest of which

are much broader than their successors. This inequality is very marked in the pinnules

which are borne on the palmars and the lower parts of the free arms, and also in a less

degree in the smaller terminal pinnules. Brachial ambulacra but little above the

narrow arm-groove, and only slightly plated between the origins of the pinnule-

ambulacra, which soon begin to show well defined side plates.

Colour in spirit, grepsh-wliite ; a uniform dusky purple when fresh (Moseley).

Localities.—Station 170a, July 14, 1874 ; near the Kermadec Islands ; lat. 29° 45' S.,

long. 178° 11' W.; 630 fathoms; volcanic mud; bottom temperature, 39°-5 F. Two

specimens, one rather young.

Station 214, February 10, 1875; off the Meangis Islands; lat. 4° 33' N., long.

127° 6' W.; 500 fathoms ; blue mud ; bottom temperature, 41°-8 F. One good specimen ;

one mutilated individual, and two stem-fragments, one of which has the calyx and a

portion of the arm-bases remaining.

Remarks.—This species is the only Metacrinus which is known with certainty to

occur in the South as well as in the North Pacific. Although nearly resembling

Metacrinus moseleyi, Metacrinus costatus, and Metacrinus nodosus in the length of the

internodes of the stem and in the number of the distichal joints, it differs from them all

in the other characters of the stem. The two last mentioned t}'pes have a somewhat

sharply pentagonal stem, and the cirrus-facets are not so high as the nodal joints, the

angles of which are much produced ; while the sides of the joints are smooth or shghtly

tubercular (PL XLIX. fig. 3 ; PI, LI. fig. 8). Metacrinus ivyvillii, however, has a more

rounded stem with horizontal ridges on the internodal joints ; while the cirrus-facets

occupy the whole height of the nodal joints (PI. XLVII. figs. 1, 2). It is altogether a

laroer species than Metacnnus moseleyi, and has entii-ely different stem-joints, as is

immediately evident upon comparison of the figures on Pis. XLV. and XLVII. respectively.

Another good character of Metacrinus luyvillii, which is more or less visible, however,

in the species mentioned above, is the peculiar enlargement and flattening against the

arm of the basal joints of the pinnules immediately above the radials, and the persistence
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of this character to far out on the arms. It is well shown in some parts of fig. 1 on

PL XLVIII.

It was on a proof copy of this plate that I found the MS. name Metacrinus in Sir

Wyville's own handwriting ; and I have therefore taken the opportunity of associating

this elegant species with his memory. It is one of some importance on account of its

occurrence at two such widely separated localities as the Kermadec Islands (Station 170a)

in lat. 29° 45' S., and the Meangis Islands (Station 214) in lat. 4° 33' N. The two

specimens obtained at the former Station are both of very considerable interest. The

stem of the larger one, which is 25 cm. long, is broken at the thirty-sixth node, the inter-

nodes being shorter than in the more northern individuals, as seven joints are the

exception and not the rule. As in so many other cases, this stem tapers gradually down-

wards, being almost 5 mm. wide immediately below the calyx, and less than 3 mm. at

the lowest node, just above which the diminution in size is most rapid.

The other specimen obtained at Station 170a is a young individual, with a head not

more than 55 mm. long, and less than sixty joints in the free arms. The attached portion

of the stem, which is 185 mm. long, is a trifle over 3 mm. ^\^de just below the basals,

which are relatively very large and prominent. Its diameter decreases slightly to about

the fifth node, and then slowly increases again till the sixteenth node, where the stem

widens rather suddenly. It reaches 4 mm. at the last joint immediately Ijelow the

twenty-seventh node. The ornamentation of this stem is less well defined than in the

older specimen from the same locahty. In fact there is a good deal of individual variation,

some of the stems from Station 214 having very well defined horizontal ridges (PI. XLVII.

figs. 1, 2), while they are rather inconspicuous on the figured specimen (PI. XLVIII. fig. 2).

One individual presents a curious amount of variation in the character of the rays.

Three are normal, consisting of six joints, of which the second and fourth are syzygies

;

but on one of these the usual pinnule on the epizygal of the fourth brachial is

missing, though that on the next joint is present. Another ray consists of seven

joints, the fifth and sixth of which bear pinnules on the same side ; while the fifth ray

has eight joints with no pinnule on the sixth.

8. Metacrinus costatus, n. sp. (PI. XLVII. fig. 13 ; PI. XLIX.).

Dimensions.

Length of stem to the twenty-fourth node, .

Diameter of stem, ......
Longest cirrus (forty-five joints), ....
Diameter of calyx, ......
Lengtli of arm (one hundred joints beyond the palmar axillary),

Length of pinnule on first distichal (seventeen joints),

Length of first pinnule after j)almar axiUary (twenty joints),
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Stem slender and pentagonal in outline, with slight re-entering angles. Generally

seven or eight internodal joints w'ith distinctly crenulated edges. Their relatively high

sides are somewhat hollowed, and smooth or marked with faint ridges ; while their angles

are sharpened and a little produced outwards, so that the whole stem is traversed by five

well defined interradial ridges.

The supra-nodals are but slightly incised, and the wide cirrus-facets do not reach the

upper edges of the nodal joints. They likewise barely reach the lower edges, coming

much nearer to them in some specimens than in others ; and the infra-nodals are scarcely

grooved, so that their re-entering angles are but httle more marked than those of the

other internodal joints.

Cirri composed of about forty joints, the first two of which are short and wide, while

the eighth and a few following ones are sometimes a little longer than wide. The lower

cirri do not seem to be specially shorter than the upper. Interarticular pores not

visible below the tenth node.

The basals (in the only specimen possessing them) appear as small rhomboidal knobs

with their pointed lower extremities resting on the interradial ridges at the top of the

stem ; but they extend laterally and meet their fellows in the re-entering angles between

the first radials. The rays consist of six rounded joints, of which the second and fourth

are syzygies, and are well separated laterally above the hjqaozygals of the second radials.

They all divide three times, and there are generally additional axiUaries on the two outer-

most of each set of four tertiary arms thus produced, so that the total number of arms

reaches about sixty. They consist of about one hundred joints above the palmar

axillaries, and are almost smooth in the medio-dorsal hue till near the ends, which are

slightly serrate.

The distichals, palmars, and lower lirachials present a peculiarity which is much more

marked in the baseless individual than in the more normal one. The pinnule-bearing

side of each joint is slightly bent outwards above the pinnule-socket, and its edge is cut

into several small teeth or .spines. In addition to this the front edge of each joint and

the corresponding part of the hinder edge of its successor are slightly raised on one or

both sides, and are also more or less spinose. These characters are perhaps most distinctly

marked upon the palmars, not being fully developed upon the distichals, and disappearing

a little beyond the level of the tertiary axillaries. Six or eight joints in the primary

arms ; secondaries of eight to fourteen (usually ten or twelve) palmars. The next division

(when present) may be from eight to twenty (generally twelve to sixteen) joints, and in

one case there is another axiUary after sixteen joints more. The third joint after each

axillary is usually a syzygy. The next syzygy in the free arms may be anywhere

between the sixth and thirtieth brachials, after which an interval of three to eighteen

joints occurs between successive syzygies.

The pinnules on the radials and first distichals are large and massive, consisting of

(ZOOL. CHALL. ESP.—PART XXXII.— 1884.) li 46
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eighteen or twenty joints, the lowest of which are cuboidal. The next few, though still

very thick, are much flattened laterally and gradually diminish in width, with the lateral

edges of the dorsal surface raised and thickened. The terminal j)art of the pinnule

consists of much smaller joints, and is more or less distinctly serrate. In the pinnules of

the third and the next following distichals the dorsal surface of the two or three thick

,

basal joints is rather broad, but the following joints diminish rapidly both in breadth and

in thickness. Beyond the distichal axillaries all the pinnule-joints are longer than wide,

with the exception of the first two, which are much expanded, and this character is very

marked in all the following pinnules till about the level of the fourth axillaries. Beyond

this point the second and third pinnule-joints more nearly resemble their successors,

though traces of the expansion of the first joint are visible for some distance farther.

The disk (so far as it is visible) is well protected by plates, both on its ventral surface

and on its sides, right down to the hypozygal of the second brachial. The brachial

ambulacra are but little above the narrow arm-groove, and are protected like those of the

large lower pinnules by very irregular plates. The terminal pinnules have well defined

and rather pointed side plates.

Colour—a uniform dusky purple when fresh (Moseley) ; in spirit, light brownish-

white.

Locality.Station 214, February 10, 1875; ofi" the Meangis Islands; lat. 4° 33' N.,

long. 127° 6'E. ; 500 fathoms ; blue mud ; bottom temperature, 41°-8 F. Two specimens,

with Myzostoma wyville-thomsoni, von Graff.

Remarks.—This elegant little species is the smallest Metacrinus which I have yet

seen, with the exception of Metacrinus nodosus ; and it has many points of resemblance

with that type, as wiU be explained later. Although the stem and cup are much less

robust than in Metacrinus wyvillii, the numljer of arms is nearly half as large again as in

that species, which rarely has an axillary beyond the palmars ; while in Metacrinus

costatus this is generally the case on four out of the eight tertiary arms, and there may
be another axillary beyond the supra-palmar. The number of internodal joints is nearly

the same in the two species, being rarely less than seven in Metacrinus costatus, though

sometimes falling to five in Metacrinus wyvillii. But they are totally diS'erent in their

form and external markings, as will be evident from a comparison of PL XLVII.

figs. 1-4, and PI. XLIX. figs. 3, 4. The nodal joints are also quite diff'erent in the two

species. The cirrus-sockets of Metacrinus ivyvillii (PI. XLVII. figs. 1, 2) extend both

upwards and downwards on to the supra- and infra-nodal joints beyond the articular

facets, which occupy the whole height of the nodal joints. But this is far from being the

csi?,e m Metacrinus costatus; and the nodal joints therefore are less deeply incised than

in MetoAirinus ivyvillii, while their angles are much sharper and more produced outwards

(PL XLIX. figs. 3, 5). There is also a good deal of difference between the pinnules of

the two tjrpes. Both those on the radials and distichals of Metacrinus ivyvillii and those
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farther out on the arms are smaller thau the corresponding pinnules of Metacrinus

costatus; while the lowest pinnules are smaller, smoother, and have more rounded joints

than the more massive but flattened pinnules of Metacrinus costatus with their serrate

ends. On the other hand, the expansion of the two basal joints in the pinnules beyond
the palmar axillary is more conspicuous in Metacrinus wyvillii than in Metacrinus

costatus, and the remaining pinnule-joints are distinctly stouter than in that species.

There is a great amount of difi"erence between the two specimens described above

except in the characters of the stem, which are extremely constant, the number of

internodal joints being almost invariably seven or eight. In the first place the basal

plates of one individual are entirely absent ; and each of the radials, which are shghtly

higher than in the other example, has a small downward projection in the middle of its

base which rests directly on the top of one of the five ridges of the stem, as shown in

PI. XLIX. fig. 2. The basals of the other example are smaller than is usually the case

in the genus ; but their total alisence, at any rate on the exterior of the calyx, is a most

singular anomaly. One result of it is that the position of the cirri is interradial and not

radial, as is generally the case ; and presumably therefore the perij)lieral vessels from

which the cirrus-vessels are supplied have a similar position. But these peripheral

vessels are continuous above with the chambers of the chambered organ, which are

normally set in the direction of the rays (PL XXIV. figs. 5-8; PI. LVIII. figs. ], 2;

PI. LXII.

—

ch) ; while the primary axial cords of the rays start from the interradial angles

of the chambered organ (PL XXIV. fig. 7; PL LVIII. figs. 1, .3 ; PL LXII.—a/). If the

mutual relation of these organs in this anomalous specimen were only known it would

very probably throw much light upon the structure of the lower part of the calyx in

those Palseocrinoids which have interradial cirri, such as Heterocrinus, locrinus, Bary-

crinus, and Belemnocrinus Jiorifer. It is of course possible that the basals may be

internal and concealed as in most Comatul^e and in some varieties of Encrinus ; Ijut I

cannot help thinking that if they were really present at all the cirri would be placed

radially as they usually are, and not interradially as is actually the case.

This baseless specimen presents the only irregularity in the number of the radials

which occurs in the two individuals. The second radial is not traversed by a syzygy, as

is invariably the case in all the other rays, though the second syzygy is in its normal

position between the fifth and sixth joints of the primitive ray as in the ordinary type ;

but there is no additional joint between this syzygy and the axillary, so that the ray

consists of six joints with the fifth a syzygy.

AU the ten primary arms of this individual, however, consist of six joints, of which

the third is traversed by a syzygy ; while in the other specimen with a more normal

calyx there is only one distichal series of this character, together with one of eight

joints, of which the second is a syzygy ; and the remaining six also consist of eight joints,

but have a syzygy in the third. The later arm-divisions of the baseless specimen are
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exceedingly regular, as it almost invariably has six arms above each distichal axillary

arranged in the following order 2, 1 ; 1, 2. There are only two instances of an axillary

occurring on one of the inner pair of the four tertiary arms ; while it is never absent on

one of the outer pair. This regular arrangement recalls that already noticed in some

species of Pentacrinus. But it is much less constant than in the more normal example

with the regular calyx, and it is in this individual that the solitary instance of a fifth

axillary occurs; while the peculiar development of spines on the lower arm-divisions is

much more marked in the one without a base.

The pinnule-ambulacra vary considerably in their appearance according to their posi-

tion, as will be seen by a comparison of PI. XLVII. fig. 13 and PI. XLIX. figs. 6, 7 ; and

it is only on the later pinnules of the arm that the side and covering plates come to be

distinctly differentiated. The peculiar mode of development of the side plates on some

of the larger pinnules has been abeady described {a7ite, p. 82). The same character is also

visible in Metacrinus ivijvillii and Metacrinus nodosus {?\. LI. fig. 12), though to a less

extent.

The occasional enlargement of some of the arm-joints appears to indicate that an

encysting Myzostoma had commenced operations. This is probably the Myzostoma

pentacrini of von Grafil^ It " does not produce real cysts upon the arms of its host, but

only swellings of several (three to six) joints, which gradually disappear." It was found

in abundance on Pentacrinus cdternicirrus from the same Station (214) as Metacrinus

costatus ; whereas the free Mijzostoma ivijville-thomsoni which was attached to the disk of

the latter species occupied a similar position on the disk of Metacrinus angidatus from

Station 192, oflFthe Ki Islands.

9. Metacrinus nodosus, n. sp. (Pis. L., LI.).

Dimensions.

Length of stem to seventeenth node,

Diameter of stem,

Longest cirrus (forty-five joints),

Diameter of calyx, .

Diameter of disk, ...
Length of pinnule on fourth radial (fourteen joints).

Length of pinnule on first joint after palmar axillary (thirteen joints).

Stem slender and sharply pentagonal. Eight or nine internodal joints with distinctly

crenulated edges and a faint tubercle in the middle of each side. Nodals, especially in

the young stem, produced outwards at the angles between the wide cirrus-facets which

do not reach either edge. Supra- and infra-nodal joints both somewhat modified. Cirri

1 Zool. Chall. Exp., part xxvii. p. 63, 1884.

. 14-00
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of about forty joints, some of which (after the short and wide ones at the base) are

longer than broad. The dorsal edge of the middle joints is slightly serrate, but the later

ones become almost smooth. luterarticular pores end about the ninth node.

Basals pentagonal and forming a closed ring, but very convex in the centre, so as to

appear like rhomboidal knobs resting on the interradial ridges of the stem. Eadials six,

very convex, the second and fourth syzygies. Rays well separated laterally, and divide

four times. Arms twelve or more to the ray, slightly serrate in the medio-dorsal line,

especially in the lower divisions. Primaries of six or eight (rarely ten) joints ; second-

aries of eight to fourteen palmars ; tertiaries of sixteen to twenty-eight joints. The

third joint after each axiUary is a syzygy, and the next syzygy in the free arms is

anywhere between the tenth and twenty-fourth joints ; after which the syzygies follow at

intervals of five to fourteen joints.

The radial pinnules, especially the first one, mostly have wide and massive basal

joints wth thickened edges ; but the middle joints are more compressed and the terminal

ones slender. The distichal pinnules are also stout and composed of large joints ; but

the following ones consist of compressed and more elongated joints, the first two of which

are considerably wider than the rest until some little way beyond the last axillary.

The disk is covered with numerous small plates, which are much smaller and more

closely set in the anal interradius than elsewhere. Brachial ambulacra above the arm-

grooves, and protected by irregular plates from which the covering plates and large

pointed side plates are developed on the pinnules.

Colour—of a uniform dusky purple when fresh (Moseley); greyish-white in

spirit.

Locality.—Station 170a, July 14, 1874 ; near the Kermadec Islands; lat. 29° 45' S.,

long. 178° 11' W.; 630 fathoms ; volcanic mud ; bottom temperature, 39°"5 F.

Remarks.—Three examples of this elegant little species seem to have been obtained

by the Challenger. One of them is quite young (PI. LI. fig. 1 ), while the other two were

in a much mutilated condition. The dissected calyx figured on PL L. figs. 5-18 appears

to belong to the fragment represented on fig. 1 of the same Plate. It is certainly not

the same as that of which the disk is shown in fig. 2. This last and a few detached arms

have served as the basis of the foregoing description. The only species with which

Metacrinus nodosiis is liable to he confused is the little Metacrinus costatus from oft" the

Meangis Islands (Station 214). For Metacrinus wyvillii, which also has six radials and

about the same number of internodal joints, is altogether much larger and more robust.

But it has a smaller number of arms than either Metacrinus costatus or Metacrinus

nodosus. The difierence between these two last lies chiefly in the characters of the stem,

Iwth of them having twelve or more arms on the ray, owing to the presence of axiUaries

on the outermost of each set of four tertiary arms, as well as on some of the inner ones

occasionaUj^. The pinnules are generally similar in the two types, and the peculiar
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modification of the lower arm-joints above the pinnule-sockets, which was noticed

in Metacrinus costatus, is also visible in Metacnnus nodosus, though to a less

extent.

There is a good deal of difference, however, between the stems of the two species.

While the normal number of internodal joints in Metacrinus costatus is seven or eight,

that of Metacrinus nodosus is eight or nine, and they are very regularly marked by a

faint tubercle in the middle of each side, which is flat and scarcely hollowed at all (PI. LI.

fig. 8). In Metacrinus costatus, on the other hand, the sides of this stem are almost

smooth, or only marked by a few occasional horizontal ridges, wlide they are distinctly

hollowed between the prominent angles (PI. XLIX. figs. 3, 4), so that the stem appears

to be traversed along its whole length by five rather sharp interradial ridges. In the

uppermost and growing part of the stem these ridges are much more promiaent on the

closely set nodal joints than on the thin internodals which separate them. But as the

latter increase in thickness their interradial angles are also enlarged, so that those on the

nodal joints are not specially j^rominent. This character is also visible in Metacrinus

nodosus, both iu the stem-joiats of young individuals (PI. LI. figs. 6, 7) and in the

growing part of the stem of the more mature specimen. But there are no strong ridges

developed at the angles of the internodes, as is the case in Metacrinus costatus, so that

those of the nodal joints are always more or less prominent (PL L. fig. 4 ; PI. LI. fig. 8).

The side plates on the pinnule-ambulacra of Metacrinus nodosus are relatively large

and pointed (PL LI. figs. 11, 12). They are developed in the same style as those of

Metacrinus costatus (PL XLVII. fig. 13) from the somewhat irregular plates of the

brachial ambidacra, which are not so bifid as in Metacrinus angulatus (PL XXXIX.
fig. 13) or in Metacrinus varians (PL XLVII. figs. 11, 12).

The young individual of Metaciinus nodosus, which is represented in PL LI. fig. 1,

has a slightly tapering stem containing sixteen nodes, at the eighth of which one cirrus-

socket is undeveloped. The characters of the young stem-joints, which are shown in

figs. 2-7, have been noticed already {ante, p. 291).

Of the four rays remaining in this specimen only one is normal, i.e., composed of six

joints, of which the second and fourth are syzygies. In one case the fifth joint is the

axillary, and in another the fourth, which is at the same time a syzygial joint like the

second ; while in another ray the fourth radial is not a syzygy, though the fifth is

axillary and united to it somewhat closely, so as to give almost the appearance of a

syzygy.^ But the presence of a pinnule on the fourth joint shows conclusively that it

cannot be the hypozygal of a syzygy, as its homologue is in the next ray.

This specimen is so young that the palmar axillaries are with difiiculty distinguished

from the ordinary joints of the secondary arms ; and in some cases at any rate they

seem to have been farther from the distichal axdlaries than is usual in the larger indi-

1 A little too much has been made of this resemblance to a syzygy iu the right hand side of the figure.
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vidual. Attached to a stem-fragment which was brought up with these individuals

were a small Ophiuran and a young Turbinolian coral (PI. LI. fig. 8).

10. Metacrinus interruptus, n. sp. (PL LIL).

Dimensions.

Length of stem to nineteenth node, . . . . . . 2 1 '00 cm.

Diameter of stem, . . . . . . . . 4'25 mm.
Longest cirrus (forty-five joints), . . . . . . 43'00 „

Diameter of calyx, ........ 8-00 „

Length of arm (one hundred ami thirty joints beyond the palmar axillary), . 105 '00 „

Length of pinnule on second radial (twenty joints), .... 22'00 ,,

Length of pinnule on third distichal (eighteen joints), . . . 16'00 ,,

Length of pinnule onfirstjointbeyondthepalmaraxillary (eighteen joints), . ll'OO
,,

Description of an Lidividual.—Stem moderately slender, with a sharply pentagonal

outline. Ten or eleven internodal joints with but slightly creuulated edges. Their sides

are somewhat hollowed, and marked by tolerably distinct horizontal ridges. These are

interrupted at the angles which generally bear very faint tubercles. The supra-nodal

joints are slightly incised, but the cirrus-sockets terminate in thickened rims distinctly

al)ove the lower edge of the nodal joint. Its syzygial face, like that of the infra-nodal, is

thus regularly pentagonal, as is its outline when seen from above, although the upper

surface is distinctly lobate. Cirri composed of forty to forty-five very uniform joints,

the lowest Ijut little wider than their successors, few or none of which are longer than

wide. The cirri are longest between the ninth and twelfth nodes ; and the inter-

articular pores end at the eleventh node.

Basals widely pentagonal, but not specially prominent. Eadials six, with syzygies

in the second and fourth. The joints are somewhat sharply rounded and relatively

narrow, so that the rays are widely separated above the hypozygal of the second joint.

They all divide three times ; but there is a fourth axiUary in two cases, so that the total

number of arms is forty-two. These have about one hundred and thirty joints above the

palmar axillary, the basal ones almost quite smooth, and the later joints only with very

slightly raised distal edges. • Primary arms of eight (rarely ten) distichals, and secondaries

of twelve to sixteen or eighteen palmars. In two cases there is a third division after ten

and twelve joints respectively. The third joint after each axillary is a syzygy. The

next syzygy in the free arms may be anywhere between the ninth and sixtieth brachials

;

after which an interval of six to fifteen joints occurs between successive syzygies.

The radial pinnules are very large and massive, the first one especially so. It consists

of twenty or twenty-two joints, the first six of which are very stout and almost cubical

in appearance, the second being the largest, and the terminal joints slightly serrate,
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The following pinnules gradually decrease in size and tlieir joints become more flattened,

the two lowest retaining a certain amount of preponderance, being often much broader

than their successors. Beyond the distichal axillary, however, this is almost entirely

lost, the pinnules tapering gradually and symmetrically from the basal joints, which are

not specially distinguished in any way.

The disk (so far as it is visible) is covered with numerous small plates which are not,

however, set perfectly close to one another. Brachial ambulacra but httle above the

arm-grooves, and bordered by somewhat forked plates from which the large side plates

of the pinnule-ambulacra are soon developed.

Colour in spirit, greyish-white, with a tinge of brown at the tips of the cirri, arms,

and pinnules.

Xoca%.—Station 209, January 22, 1875; lat. 10° 14' N., long. 123° 54' E. ;

95 fathoms; blue mud; bottom temperature, 71° F. One specimen.

Remarks.—This species is readily distinguished from the three preceding ones in the

same group by the greater length of the iuternodes in the stem. Their component

joints (PI. LII. fig. 3) are altogether different from the lobate joints of Metacrinus costatus

(PI. XLIX. fig. 4) and of Metacrinus nodosus (PL LI. fig. 10), having the same

pentagonal form and horizontal ridges as Metacrinus wyvillii (PI. XLVII. fig. 4).

The nodal and infra-nodal joints, however, are entirely different from those of this

t}^3e, in which the infra-nodals are distinctly incised by the cirrus-sockets, so that

their syzygial surface is lobate (PL XLYII. fig. 3) and not pentagonal as in Metacrinus

interruptus. Another character in which this species differs very markedly from the three

previously considered is the smaU. size of the basal joints on the palmar and lower

brachial pinnules.

The type to which on the whole Metacriims interruptus appears to be most closely

allied is the as yet undescribed specimen dredged by the "Vega" at a depth of G5

fathoms in the Bay of Yedo. By the kind permission of Prof S. Lovdu, who was good

enough to send me some fragments of its stem, and also to allow my friend Mr. W. Percy

Sladen to examine it on my behalf, I am able to say that it appears to be totally different

from Metacrinus interruptus. The stem-joints that I have seen have a smaller diameter

and a greater height both relatively and absolutely than those of that species ; and they

are not provided with horizontal ridges, but only with faint tubercles at the angles, and

stiU less distinct ones at the sides. In the character of the nodal joints, however, and in

the absence of any extension of the cirrus-socket down on to the infra-nodals, the two

types are very closely similar, as they are in the length of the internodes. There seem

to be several other points of difference between Metaci'inus interruptus and the "Vega"

specimen, such, for example, as the length of the primary arms and the characters of the

pinnules. These will doubtless be explained more fully when the "Vega" Crinoids are

described • and I have therefore done no more than assign to the Japanese form a place
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in the tcaljular key to the species which embraces all the types of this genus that have yet

been discovered.

The individual described above is the only specimen of any kind of Crinoid which was

obtained at Station 209 ; and it has fortunately sufiered much less injury than many of

the larger tyjjes dredged by the Challenger. I did not succeed in finding any Myzostoma

upon it ; but a Scalpellmn is attached to its stem, and several individuals of Verruca to

the cirri, on one of which a small Avicitla was fixed by its byssus.

11. 3Ietacrinus tuherosus, n. sp. (PI. LIII. figs. 1-6).

Three species (Metacrinus angul(dus,Metacrinus nohilis, Metacrinus cingnlatus), repre-

sented by " about a dozen individuals,'" were dredged by the Challenger at Station 192, ofi"

the Ki Islands. Together with these there came up a fragment of a stem which I cannot

refer to either of these species, nor to any other Metacrinus yet known. It presents a

curious combination of certain features which are characteristic of the stems of Metacrinus.

angulatus, Metaxrinus costatus, and Metacrinus nohilis respectively, three very distinct

species from widely separated localities on different sides of the equator (Ki, Meangis,

and Kermadec Islands). I have no hesitation in regarding it as belonging to another

species of the genus, although the characters of its calyx are as yet unknown.

It cannot belong to a Pentacrinus on account of tlie upward extension of the cirrus-

sockets on to the supra-nodal joints (PL LIII. fig. 2), a character which is eminently

distinctive of Metacrinus.

The fragment consisted of five complete internodes, one of which was sacrificed to

anatomical purposes, so that only four are sho^\^l in the figure (PI. LIII. fig. 1). Each

internode consists of seven slightly crenulated joints. The five middle ones are as usual

different from those immediately above and below the nodes. They are sharply

pentagonal in form, with a somewhat prominent tubercle in the middle of each side

(PI. LIII. figs. 4, 6) ; while the angles are sharp and slightly produced outwards beyond

the ends of the petaloid areas, as is to some extent the case in Metacrinus angulatus and

Metacrinus costatus (PI. XXXIX. figs. 3, 8, 10, 11 ; PI. XLIX. figs. 3, 4). This is still

more evident in the nodal joints (PL LIII. fig. 3) as it also is in the other two species

(PL XXXIX. figs. 3-5 ; PL XLIX. fig. 5), and more distinctly in Metacrinus nodosus,

the internodes of which are not specially produced at the angles (PL LI. figs. 8-10).

The consequence is that the stem of Metacrinus tuherosus, like that of Metacrinus

angulatus and Metacrinus costatus, is traversed by prominent interradial ridges

(PL XXXVIIL; PL XXXIX. figs. 3, 11; PL XLIX. figs. 1, 3; PL LIIL figs. 1, 6).

The nodal joints have somewhat deeply hollowed cirrus-sockets which have relatively

wide facets, and encroach both on the supra- (PL LIII. fig. 2) and on the infra-nodal

1 See R. V. Willemoes Suhm, Briefe von der Challenger Expedition, No. iv., Zdtschr. f. wiss. Zool, Bd. x.wi. p. liii.,

1876.

(zool. chall. EXP.— paet xxxn.—1884.) li 47
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joints (PI. LIII. fig. 5) ; so tliat tlieir re-entering angles are deeper than those of the

remaining internodal joints (PI. LIII. fig. 4). On both of these, but especially on the

infra-nodal (fig. 5), the single tubercles at the sides of the joint are more or less double,

and enlarged into a horizontal ridge. A peculiarity of somewhat the same kind occurs

in Metacrinus costatus (PI. XLIX. fig. 3).

The cirri are about 35 mm. long, and closely resemble those of other species of the

genus. They consist of some forty uniformly squarish joints, the basal ones of which are

not much wider than their successors, though projecting a little beyond them on the

dorsal side. There is no trace of interarticular pores, so that this fragment cannot have

come from near the top of the stem.

Thus, then, the peculiarities of this stem-fragment are sufficiently characteristic to

indicate that it belongs to a different species of Metacrinus from any of those described

above. In the prominence of the angles of the nodal joints, and in the presence of

tubercles along the sides of the internodes, it resembles Metacrinus nodosus (PL LI. fig. 8).

But in the sharpness of the ridges formed by the angles of the internodes it approaches

Metacrinus angulatus (PL XXXIX. figs. 3, 11) and Metacrinus costatus (PL XLIX.

figs. 1, 2). As the composition of its calyx is unkno^vn, no place can be assigned to

Metacrinus tuherosus in the tabular scheme of the genus. If there be four radials it

would come near Metacrinus angulatus, though the internodes are shorter than in this

type ; but if the number of radials be six, its ^jlace would be next to Metacrinus costatus

and Metacrinus nodOsus, both of which it resembles in the length of its internodes.

Clinging to this stem by its long arms was the pluteus-larva of an Ophiurid, with

three arm plates beyond the disk.

Locality.—Station 192, September 26, 1874 ; in the Arafura Sea, near the Ki Islands;

lat. 5° 49' S., long. 132° 14' E. ; 140 fathoms ; blue mud. A stem-fragment only.

Family Comatulid^, d'Orbigny, 1852.

Genus Thaumatoc7'imis, P. H. Carpenter, 1883.

ThaumatocriHus, P. H. Carpenter, Pliil. Trans., part iil, 1883, p. 919, pi. 71.

Definition.—Calyx composed of a centro-dorsal, basals, radials, and primary inter-

radials, the latter resting on the basals and so separating the radials laterally. That

on the anal side bears a short jointed appendage. Mouth central, and protected

by five large oral plates which occupy the greater part of the disk, and are sejjarated

from the calyx interradials by two or three rows of small irregular plates. Five arms

only.

EemarJcs.—Although this very singular genus is a true Comatula, i.e., provided vdth. a

centro-dorsal plate or cirrus-bearing top stem-joint which separates it from the remainder
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of the larval stem, I have preferred to describe it in the same part of the Crinoid Report

as the Stalked Crinoids. For it is only among certain of the Pateocnnoidea that

we meet with characters which are at aU like the more striking pcculanties of.

Thaumatocrinus.

There can I think, be no doubt that the large and comparatively dense oral plates are

not in a state of resorption as they are in other Comatulae of the same size
;
for they

have all the appearance of being permanent structures. Thaumatocnnus is therefore the

only Comatula yet known in which the oral plates of the larva persist through hfe as m

Hyocnnus and Rhizocrinus.

Another striking peculiarity is presented by the closed ring of relatively large basals

which have remained in their primitive position upon the exterior of the calyx and have

not undergone transformation into a rosette, as is the case in most other Comatulse. Ihe

only other recent type in which the basals remain visible on the exterior of the calyx is

the curious genus Atdecrinus ;
^ and here they are very smaU in proportion to the radials.

This is probably also the case in the Cretaceous species which is mentioned by Schluter -

as provided with a closed basal ring.

Both the persistence of the basals and the considerable development of the orals are

characters which, either singly or combined, would cause the type to be regarded as one

of no little interest; but they are altogether cast into the shade by the other pecubari les

of the calyx, viz., the complete separation of the radials by relatively large interradial

plates and the presence of the anal appendage. It has been shown elsewhere ^ that m

the separation of its radials laterally Thaumatocrinus is permanently m the condition ot

a Crinoid larva at a very early period of Pentacrinoid life, and that this condition is

characteristic of certain Pal^ocrinoids belonging to the family RhodocrinKte. Some genera,

such as the Lower Silurian Reteocrinus and Xenocrinus, have the radials separated by

what Messrs. Wachsmuth and Springer * describe as an "interradial series resting directly

upon the basals, consisting of a very large number of minute pieces of irregular form, and

without definite arrangement." A similar development of small irregular plates be ween

the rays occur in many Neocrinoids, both stalked and free, but the interradial series always

commence at the level of the second or third radials, and are completely separated from

the basals by the ring of united first radials. This is weU seen in Penta^nnus aste^nns

(PI XIII. fio-. 1) and in the fossil Extracrinus.

"in other%-enera of the Rhodocrinid^ such as RJwdocrinus itself, nylacocnnus and

others forming the section Rhodocrinites, the first radials are separated not by smaU and

irregular plates as in Reteocrinus, but by large plates, one resting on a basal m eacli

iuterradius; and this is the condition of Thaumatocrinus (PI. LVI. figs. 1-4). Wliiie

1 Bull. Mus. Comp. Zool, vol. ix., No. 4, 1881, p. 16, pi. i. figs. 1-7.

2 Zeitschr. d. deutsch. geol. Gesellsch., Jalirg. 1878, p. 66.
t,„.:,;^„ „,,.f ii r 19-7

3 Phil. Trans., 1883, part iii. pp. 923-925 ; and ante, pp. 39, 40. Revision, r^it n. p.
19-.
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resembling the Rhodocrinites in having five large plates separating the raclials,

Thaumatocrinus differs from them and from most Palseocrinoids in the absence of any

higher series of calicular interradial plates resting upon the first series which separate

the raclials.

Except on the anal side the primaryjnterradial plates of Thaumatocrinus end simply in

a free rounded edge at the margin of the disk (PL LVI. figs. 1-3, 5), which is doubtless due

to the simplicity of the arms ; for these become free almost at once, and are not connected

laterally by much perisome in which higher orders of radials could be supported. But in

the presence of the anal appendage on the azygous interradial (PI. LYI. figs. 2, 4, 5)

Thaumatocrinus bears a remarkable resemblance to Reteocrinus as understood by
Wachsmuth and Springer, and to the Xenocrinus of S. A. Miller ; wdiile the appendage

has an even closer resemblance to the so called " anal series " of Onychocrinus and

Taxocrinus, the lowest plate of which rests, not on a basal, but on the upper angles of the

two first radials.

There can, I think, be no reasonable doubt that the anal appendage of Thaumato-

crinus, although free laterally, is homologous with the vertical series of plates in the anal

interradius of Reteocrinus and Xenocrinus, Onychocrinus and Taxocrinus. But owing

to the small size of Thaumatocrinus and the simplicity of its rays the- anal appendage is

free ; whereas in the Palseocrinoids it is united to the more or less branching rays by the

general series of minute irregular plates which occupy the anal interradius and pass

gradually upwards into those of the so called vault.

It is difiicult to consider the existence of interradials and of the anal appendage of

Thaumatocrinus as instances of atavism, for no known Neocrinoid presents any similar

'

characters, and it is a long way back from a recent Comatula to a Palaeozoic Crinoid.

The reappearance of these characters in such a specialised type as a Comatula is conse-

quently not a little surprising. Associated with them we find the distinctly embryonic

characters of persistent basal and oral plates, the latter occurring in no other Comatula,

together with the simplicity of the undivided arms.

Thaumatocrinus renovatus, P. H. Carpenter, 1883 (PL LVI. figs. 1-5).

Description of an Individual.—The total width of the calyx across the disk is barely

2 mm. ; and the height of the centro-dorsal and radials together is about the same.

The former (PL LVI. figs. 1-4) is rounded below, with its central canal completely

closed up, so that it must have been detached for some little time from the remainder of

the stem. The bases of half a dozen cirri are attached to it, and there are jsits for the

reception of two or three more. In the largest stumji which is preserved (PL LVI.

figs. 1,3) the first two joints are quite short, as is usually the case in aU cirri ; but the

third reaches a length of 1'5 mm., so that the cirri must have been very like those of
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some species of Eudiocrinus which have a succession of very long joints follo'wdng the

short basal ones.

The basals are almost trapezoidal, much wider below than above, and in contact with

one another by their truncated lower angles (PL LVI. figs. 1, 2). The middle of the

lower edge of each is slightly tubercular. On their narrow upper edges rest the interradials,

which are oblong and a little higher than wide. Four of them terminate in a free edge at

the margin of the disk where they are in contact with the lowest anambulacral plates.

But that on the anal side bears a small tapering appendage of four or five joints, the last

of which seems to end freely (PI. LVI. figs. 2, 4, 5). The radials are larger than the

interradials, and someAvhat strongly arched. There is a muscular articulation between

them and the first brachials ; but the union of these to the next joints appears to be by

ligament only. The arm-joints are long, slender, and cylindrical. One arm seems to be

broken at the syzygy in the sixth brachial ; while another has a syzygy in the fourth

and again in the eighth brachial. The second brachial bears the first pinnule, which is

on the right side in three arms and on the left in the other two. The pinnules are very

delicate, and composed of long slender joints.

The central portion of the disk is occupied by five relatively large oral plates which

stand up around the peristome (PL LVI. fig. 5) ; while between them and the margin are

two or three irregular rows of small anambulacral plates, some of them extending up on

to the lower part of the long anal tube. The brachial ambulacra are not plated, however,

and lie in the arm-grooves, close down between the muscles, but with no traces of

sacculi.

Colour in spirit, dirty white.

Locality.—Station 158, March 7, 1874 ; lat. 50° l' S., long. 123° 4' E. ; 1800 fathoms
;

Globigerina ooze ; bottom temperature, 33°"5 F. One specimen much mutilated and

probably young.
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XIII.—BATHYMETRICAL DISTRIBUTION AND STATION LISTS.

Station List of the Stalked Crinoids which have been obtained by the vaeious

British Expeditions for Deep-Sea Exploration between the Years 1868 and

1880.

This list also contains the names of the rarer Comatulae, when dredged at a Station

where Stalked Crinoids occurred. The presence of the more common genera {Antedon

and Actinometra) is also indicated, though without any attempt to go into specific

details.

H.M.S. "Lightning," 1868.

Station 12. Lat. 59° 36' N., long. 7° 20' W.; 530 fathoms; Globigerina ooze ; bottom

temperature, 4
7°

'3 F.

Rhizocrinus lofotensis.

Station 16. Lat. 61° 2' N., long. 12° 4' W.; 650 fathoms ; Globigerina ooze.

Rhizocrinus lofotensis. Also at Station 12; and the "Knight

Errant," 1880, Stations 5 and 6 ; the Challenger,

Stations 24a, 122c, and 323 {fde C. W. T.). Also

at several Stations in the Gulf Stream, the Carib-

bean Sea, and off the New England coast.

H.M.S. "Porcupine," 1869.

Station 37. Lat. 47° 38' N., long. 12° 8' W.; 2435 fathoms ; Globigerina ooze ; bottom

temperature, 36° '5 F.

Bathycrinus gracilis. Also the "Talisman" (1883), off the

Morocco coast
—

" Par le travers du cap Ghir et

du cap Noun a 120 milles environ de la cote,"

2000-2300 metres (about 1200 fathoms).

Station 42. Lat. 49° 12' N., long. 12° 52' W.; 862 fathoms ; ooze with sand and shells
;

bottom temperature, 39°"7 F.

Rhizocrinus rawsoni.
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Station 43. Lat. 50° 1' N., long. 12° 26' W.; 1207 fathoms ; Globigerina ooze ; bottom

temperature, 37° "7 F.

Rhizocrinus rawsoni. Also at Station 42 ; the Challenger, Station

76 ; and at various Stations in the Caribbean Sea.

Also the " Travailleur " (1882)—" 1900m. de pro-

fondeur sur les cotes du Maroc, par le travers du

cap Blanc;" and the "Talisman" (1883)— " Par

le travers du cap Ghir et du cap Noun a 120

milles environ de la c6te," 2000-2300 metres

(about 1200 fathoms).

H.M.S. "Porcupine," 1870.

Station 17. Lat. 39° 42' N., long. 9° 43' W. ; 1095 fathoms; ooze; bottom temperature,

39°-7 F.

Fentacrinus ivi/viUe-tJiomsoni. Also the " Talisman " (1883); off

the Morocco coast: and again oflF Eochefort; lat.

45° 59' N.,long. 6° 29' W. of Paris; 1500 metres

(800 fathoms),

H.M.S. "Knight Errant," 1880.

Station 5. Lat. 59° 26' N., long. 7° 19' W.; 515 fathoms; mud; bottom temperature,

45°-4 F.

Rhizocrinus lofotensis.

Station 6. Lat. 59° 37' N., long. 7° 19° W. ; 530 fathoms; grey mud; bottom

temperature, 46°'5 F.

Rhizocnnus lofotensis.

H.M.S. Challenger, 1873-76.

Station 24a. March 25, 1873; off Culebra Island; lat. 18° 43' N., long. Qb' 5' W.; 625

fathoms ; Pteropod ooze.

Rhizocrinus lofotensis. Also Stations 122c and 323 {fde C. W. T.)

;

the "Lightning" (1868), Stations 12 and 16;

and the "Knight Errant" (1880), Stations 5 and

6. Several Stations in the Gulf Stream, the

Caribbean Sea, and off the New England coast.
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Station 76. July 3, 1873 ; south of Terceii-a (Azores) ; lat. 38° 11' N.,long. 27° 9' W.
;

900 fathoms; Pteropod ooze ; bottom temperature, 40° F.

Rhizocrinus rawsoni. Also the "Porcupine" (1869), Stations 42

and 43. Also the " Travailleur " (1882), the

"Talisman" (1883), and at several Stations in

the Caribbean Sea.

Station 106. August 25, 1873; lat. 1° 47' N., long. 24° 26' W. ; 1850 fathoms;

Globigerina ooze ; bottom temperature, 36°"6 F.

Bathycrinus campbellianus.

Hi/ocrinus bethellianus (stem-fragments, Jide C. 'W. T.). Also

at Station 147 ; and Station 223 ?

Station 122. September 10, 1873 ; off Barra Grande ; lat. 9° 5' S., long. 34° 50' W.
;

350 fathoms ; red mud.

Pentacnnus maclearanus.

Atelecrinus halanoides. Also at several Stations in the Caribbean

Sea.

Station 122c. September 10, 1873 ; off Barra Grande ; lat. 9° 10' S., long. 34° 49' W.
;

400 fathoms ; red mud.

Rhizocnniis lofotensis. Also Stations 24a and 323 {fide C. W. T.)

;

the " Lightning" (1868), Stations 12 and 16 ; and

the "Knight Errant" (1880), Stations 5 and 6.

Several Stations in the Gulf Stream, the Carib-

bean Sea, and off the New England coast.

Station 146. December 29, 1873; lat. 46° 46' S., long. 45° 31' E. ; 1375 flithoms

;

Globigerina ooze ; bottom temperature, 36°'6 F.

Bathycnnus cddrichianus. Also at Station 147 ; and "at at least

six or seven Stations in the Atlantic and the

Southern Ocean."

Station 147. December 30, 1873; lat. 46° 16' S., long. 48° 27' E. ; 1600 fathoms;

Diatom ooze ; bottom temperature, 34°"2 F.

Bathycrinus cddrichianus. Also at Station 146.

Hyocrinus bethellianus. Also at Stations 106 and 223 {fide

C. W. T.).

Antedon (three species).

Promachocrinus abyssorum. Also at Station 158.
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Station 158. March 7, 1874; lat. 50° 1' S., long. 123° 4' E. ; 1800 fathoms; Globi-

gerina ooze ; bottom temperature, 33° "5 F.

Tliaumatocrinus renovatus.

Promachocrinus abyssorwn. Also at Station 147.

Station IVOa. July 14, 1874; near the Kcrmadec Islands; lat. 29° 45' S., long.

178° 11' W. ; 630 fathoms; volcanic mud; bottom

temperature, 39°'5 F.

Pentacrinus naresianus. Also at Stations 171, 175, 210 (?), 214.

Metacrinus nodosus

Metacrinus wyvillii. Also at Station 214.

Antedon (six species).

Station 171. July 15, 1874; off Eaoul Island; lat. 28° 33' S., long. 177° 50' W.

;

600 fathoms ; hard ground ; bottom temperature, 39° "5 F.

Pentacrinus alternicirrus. Also at Stations 210(?), 214.

Pentacrinus naresianus. Also at Stations 170a, 175, 210 (?), 214.

Station 175. August 12, 1874 ; near Kandavu, Fiji ; lat. 19° 2' S., long. 177° 10' E.;

1350 fathoms; Globigerina ooze; bottom temperature,

36° F.

Pentacrinus naresianus. Also at Stations 170a, 171, 210(?), 214.

Antedon (three species).

Station 192. September 26, 1874; near the Ki Islands; lat. 5° 49' S., long.

132° 14' E.; 140 fathoms; blue mud.

Metacrinus angulatus.

Metacrinus cingidatus.

Metacrinus murrayi (?).

Metacrinus nohilis.

Metacrinus tuherosus.

Antedon (twelve species).

Actinometra (one species).

Station 209. January 22, 1875; lat. 10° 14' N., long. 123° 54' E.; 95 fathoms; blue

mud ; bottom temperature, 7 1
° F.

Metacrinus interruptus.

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.) li 48
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Station 210. January 25, 1875 ; off the Panglao and Siquijor Islands; lat. 9° 26' N.,

long. 123° 45' E. ; 375 fathoms; blue mud; bottom

temperature, 54°"1 F.

Pentacrinus cdternicirrus (?). Also at Stations 171 and 214.

Pentacrinus naresianus(Vj. Also at Stations 170a, 171,175, and 214.

Metacrinns murrayi (?).

Antedon (two species).

Station 214. February 10, 1875; off the Meangis Islands; lat. 4° 33' N., long.

127° G' E. ; 500 fathoms ; blue mud; bottom temperature,

41°-8 F.

Pentacrinus cdternicirrus. Also at Stations 171 and 210(?).

Pentacrinus naresianvs. Also at Stations 170a, 171, 175, and

210 (1).

Metacrinus costatus.

Metacrinus moseleyi.

Metacrinus murrayi (?).

Metacrinus varians.

Metacrinus tvyvillii. Also at Station 170a.

Antedon (six species).

Promachocrinus naresi.

Station 223. March 19, 1875; lat. 5° 31' N., long. 145° 13' E. ; 2325 fathoms;

Globigerina ooze ; bottom temperature, 35°'5 F.

Hyocrinus bethellianus, young {Jide C. W. T.). Also at Stations

106 (C. W. T.) and 147.

Station 235. June 4, 1875 ; lat. 34° 7' N., long. 138° 0' E.; 565 fathoms
;
green mud

;

bottom temperature, 38°"1 F.

Pentacrinus (?) mollis.

Eudiocrinus japonicus.

Station 323. February 28, 1876 ; lat. 35° 39' S., long. 50° 47' W.; 1900 fathoms ; blue

mud ; bottom temperature, 33°' 1 F.

Rhizocrinus lofotensis {fide C. W. T.). Also the "Lightning"

(1868), Stations 12 and 16 ; the " Knight Errant

"

(1880), Stations 5 and 6 ; and the Challenger,

Stations 24a and 122c. Also at several Stations

in the Gulf Stream, the Caribbean Sea, and off

the New England coast.
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Station List of the Stalked Crinoids which have been obtained by the various

American Expeditions for Deep-Sea Exploration (mostly under the direction

OP Mr. Alexander Agassiz) between the Years 1867 and 1880.

The presence of Comatulse is noticed as in the previous list ; but the occurrence of a

species at several Stations is not, as a rule, recorded more than once.

SS. "CoRWiN," 1867.

No. 2. May 24, 1867 ;
1-6 miles from Chorrera, Cuba ; 270 fathoms.

Pentacrinus decorus (stem only 1).

SS. "Bibb," 1868-69.

May 9, 1868 ; off the Samboes; 237 fathoms.

May 11, 1868 ; off Sand Key ; 248 and 306 fathoms.

Rhizocrinus lofotensis. Also off Havana, Barbados, Grenada, and

Grenadines. Dredged by the " Lightning," the

Challenger, and the " Knight Errant."

March 4, 1869 ; off Cojima, near Havana ; 450 fathoms.

Rhizocrinus lofotensis.

Atelecrinus cuhensis.

Antedon.

March 10, 1869 ; off Double-headed Shot Keys ; 315 and 471 (?) fathoms.

Pentacrinus decorus (stem only 1).

SS. "Hassler," 1871-72.

December 30, 1871. Off Sandy Bay, Barbados; 100 fathoms.

Rhizocrinus rawsoni. Also off Havana, Montserrat, Guadeloupe,

Dominica, Martinique, and Panama. Dredged in

the East Atlantic by the " Porcupine," Challenger,

" Talisman," and " Travailleur."

SS. "Blake," 1878-80.

Cruise of 1877-78.

Station 21. Off BahiaHonda, Cuba; lat. 23° 2' N., long. 83° 13' W. ; 287 fathoms.

Pentacrinus decorus. Also off Havana, Montserrat, St. Vincent

Barbados, Kingston, and Saba Island.
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Station 22. Off Bahia Honda, Cuba ; lat. 23° 1' N., long. 83° 14' W. ; 100 fathoms
;

bottom temj)erature, 71° F.

Holopus rangi. Also off Barbados (Rawson) and Montserrat.

Station 29. Lat. 24° 36' N., long. 84° 5' W. ; 955 fathoms; bottom temperature,

391° F.

Rhizocrinus lofotensis.

Station 32. Lat. 23° 32' N., long. 88° 5' W. ; 95 fathoms.

Rhizocrinus rawsoni.

Antedon.

Station 35. Lat. 23° 52' N., long. 88° 58' W. ; 804 fathoms; bottom temperature,

401° F.

Rhizocrinus lofotensis.

Station 43. Lat 24° 8' K, long. 82° 51' W. ; 339 fathoms.

Rhizocrinus lofotensis.

Atelecrinus halanoides.

Station 44. Lat. 25° 33' N., long. 84° 35' W. ; 539 fathoms; bottom temperature,

391° F.

Rhizocrinus lofotensis.

Station 56. Off Havana ; lat. 22° 9' N., long. 82° 21' 30" W. ; 175 fathoms.

Rhizocrinus lofotensis. .
'

'

Pentacrinus decorus.

Pentacrinus mullein. Also off Santiago de Cuba, Barbados,

Guadeloupe, Martinique, St. Lucia, St. Vincent,

Montserrat, Saba Island.

Antedon.

Station 57. Off Havana; lat. 22° 9' 15" N., long. 82° 21' W. ; 177 fathoms.

Pentacrinus decorus.

Antedon.

Cruise of 1878-79.

Station 100. Off Morro Light ; 250 and 400 fathoms.

Pentacrinus decorus.

Pentacrinus miilleri.
N
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Station 101. Off Morro Light ; 175 and 250 fathoms.

Pentacrinus decorus.

Pentacrinus miilleri.

Antedon.

Station 155. Off Montserrat; 88 fathoms; bottom temperature, 69° F.

Rhizocrinus raivsoni.

Pentacrinus decorus.

Antedon.

Actinometra.

Station 156. Off Montserrat ; 88 fathoms; bottom temperature, 69° F.

Pentacrinus decorus.

Antedon.

Actinometra.

Station 157. Off Montserrat ; 120 fathoms.

Holopus rangi. Also off Barbados (Rawson) and Bahia Honda (Cuba)

.

Pentacrinus asterius. Also off Saba Island.

Pentacrinus hlahei. Also off Barbados and Martinique.

Pentacrinus decorus.

Pentacrinus miilleri.

Antedon.

Actinometra.

Station 166. Off Guadelouj)e ; 150 fathoms; hard bottom; bottom temperature, 5 9f° F.

Rhizocrinus rawsoni.

Station 171. . Off Guadeloupe ; 183 fathoms; bottom temperature, 55^° F.

Pentacrinus miilleri.

Actinometra.

Station 177. Off Dominica; 118 fathoms; fine sand and broken shells; bottom

temperature, 65° F.

Rhizocrinus rawsoni.

Actinometra.

Station 193. Off Martinique ; 169 fathoms; fine sand, dark mud, and shells; bottom

temperature, 51° F.

Pentacrinus miilleri.

Antedon.

Actinometra.
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Station 209. Off Martinique ; 189 fathoms; bottom temperature, 49|° F.

Pentacrinus hlakei. Also off Barbados and Montserrat.

Station 211. Off Martinique ; 357 fathoms ; fine yellow sand and broken shells.

Rhizocrinus rawsoni.
J

Station 218. Off St. Lucia; 164 fathoms; bottom temperature, 56° F.

Pentacrinus miilleri.

Station 233. Off Milligan's Key, St. Vincent; 174 fathoms; rocky bottom; bottom

temperature, 492° ^•

Pentacrinus decorus.

Antedon.

Station 238. Off Grenadines ; 127 fathoms ; fine coral sand ; bottom temperature, 56° F.

'

Rhizocrinus Iqfotensis.

Station 248. Off Grenada; 161 fathoms; fine grey ooze; bottom temperature, 53^° F.

;

Rhizocrinus lofotensis.

Actinometra.

Station 259. Off Grenada; 159 fathoms; bottom temperature, 53^° F.

Rhizocrinus lofotensis.

Antedon.

Actinometra.

Station 269. Off St. Vincent; 124 fathoms; bottom temperature, 571° F.

Pentacrinus decorus.

Pentacrinus mulleri.

Antedon.

Actinometra.

Station 273. Off Barbados ; 103 fathoms ; coral and broken shell, yellow ; bottom

temperature, 59^° F.

Rhizocrinus rawsoni.

Actinometra.

Station 274. Off Barbados ; 209 fathoms ; fine sand and ooze ; bottom temperature,

531° F.,. . •

Rhizocrinus lofotensis.

Pentacrinus miilleri.
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Station 277. Off Barbados; 106 fathoms; hard rocky bottom; bottom temperature,

58° F?
Rhizocnnus rawsani. .

Actinometra.

Station 280.. Off Barbados; 221 fathoms; Globigerina sand; bottom temperature,

50|° F.

Pentacrinus mulleri.

Station 283. Off Barbados ; 237 fathoms ; hard bottom ; bottom temperature, 49° F.

Pentacrinus mulleri.

Antedon.

Station 290. Off Barbados ; 73 fathoms ; coarse coral sand and broken shells ; bottom

temperature, 70f° F.

Rhizocrimis rawsoni.

Antedon.

Actinometra.

Station 291. Off Barbados; 200 fathoms; flat calcareous stones; bottom temperature,

49f°F.^

Pentacrinus hlakei. Also off Martinique and Montserrat.

Pentacrinus mulleri.

V
Station 295. Off" Barbados ; 180 fathoms ; hard bottom ; bottom temperature, 50f" F.

Pentacrinus hlakei.

Pentacrinus mulleri. _

•

Station 296. Off Barbados ; 84 fathoms; hard bottom ; bottom temperature, 61^° F.

Rhizocrinus raivsoni.

Pentacrinus decorus.

Pentacrinus mulleri.

Actinometra.

Station 297. Off Barbados; 123 fathoms; calcareous stones; bottom temperature,

561° F.

:

*"
. Rhizocrinus raivsoni.

Antedon.

Actinometra.
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Station 298. Off Barbados ; 120 fathoms;- broken shells and coral; bottom tempera-

ture, 61° F.

Pentacrinus decorus.

Antedon,

Actinometra.

Station V. Santiago de Cuba ; 388 fathoms.

PentoAirinus deco7'us.

Cruise of 1879-80.

Off Kingston (Jamaica) ; 100 fathoms.

Pentacrimis decorus.

Station 306. Lat. 41° 32' N., long. 65° 55' W. ; 524 fathoms.

Rhizocnnus lofoteiisis. •

Other Localities in the Caribbean Sea, the Gulf of Mexico, and in

THE Atlantic Ocean.

U. S. Fish Commission, 1882. No. 1124, S.S.E. off Nantucket ; 640 fathoms.

Rhizocrinus lofotensis.

SS. " Investigator," Captain E. Cole.

Saba Bank ; 200 fathoms.

Rhizocnnus rawsoni.

Saba Island ; 320 fathoms.

Pentacrinus asterius.

Pentacrinus decorus.

Between Saba and Eustatius Islands; 531 fathoms.

Pentacrinus .millleri.

Pentacrinus decorus.

Fifteen miles N.E. from Panama ; 300 fathoms.

Rhizocrinus rawsoni.

South side of Porto Rico ; 667 fathoms.

Pentacrinus decorus.

\
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Dr. Schramm, Guadeloupe.

PentOLcrinus asterius.

AV. Stimpson, Cuba.

Pentacrinus decorus.

Sir Rawson Rawson, Barbados.

Pentacrinus miilleri.

Pentacrinus decorus.

Antedon.

Actinometra.

B.- Holopus rangi.

A List of the known Living Species of Stalked Crinoids, showing their

Bathymetrical and Geographical Distribution.

Explanation of the Letters used.

A. Species discovered by the " BUike."

B. Previously knowu species collected by the " Blake " and the U. S. Coast Survey

Expeditions.

C. Species discovered by the Challenger.

D. Previously known species collected by the Challenger.

E. Species discovered by the ships of the Eastern Telegraph Company.

F. Species discovered by Dr. L. Doderlein.

L Previously known species collected by the telegraph steamer "Investigator,"

Captain E. Cole.

J. Previously known species collected by the " Josephine " (Swedish).

N. Species discovered by the " Voringen " (Norwegian).

P. Species discovered by the " Porcupine."

Q. Previously known species collected by the " Lightning," " Porcupine," and " Knight

Errant."

Pi. Previously known species collected for Sir Rawson Rawson.

T. Previously known species coUected by the " Talisman " and " Travailleur " (French).

V. Species discovered by the " Vega" (Swedish).

X. Species discovered by Mr. Damon's collectors.

Y. Previously known species obtained by Mr. Damon's collectors.

(ZOOL. CHALL. EXP.—PART XXXU.— 1884.)
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HoLOPiDJE, Koemer,

Holopus, d'Orb.,

//. rang!, d'Orb.,

iIi-0CRiNiD.E, Carpenter,

Hyocrinus, Wyv. Tlioms., .

H. hetliellianus, Wyv. Thorns.,

BonRGUETiCRiNiDj!, de Loriol,

Bathycrinus, Wyv. Thorns.,

B. aldricManus, Wyv. Thorns.,

B. camphellianus, Carp., .

B. carpenteri, Dan. & Kor.,

B. gracilis, Wyv. Thorns.,

Rhizocrinus, Sars,

R. lofotensis, Sars, .

R. rawsoni, Pourt., .

Pentacrinid^, d'Orb.,

Pentacrinus, Miller,

F. alternicvrus, Carp.,

P. asterius, Linn., .

P. hlakei, Carp.,

P. decorus, Wyv. Thorns.,

How-
obtained.

B. R.

C.

C.

C.

N.

P. T.

B. D. J. Q.

B. D. I.

P.T.

B. L Y.

A.

B. L X.

Range in

Depth.

Eathoms.

100-120

1600-1850
23251

Principal Localities.

1375-1600

1850

1050-1495

1280-2435

80-955
1900?

73-1280

500-600
375?

80-320

120-200

84-667

Caribbean Islands.

Mid-Atlantic, Station 106 (stem-fragments);

Southern Ocean, Station 147 ; East Pacific,

Station 223 (young?).

Southern Ocean, Stations ^146, 147.

Mid-Atlantic, Station 106.

North-East Atlantic.

East Atlantic.

Lofoten Islands ; Faroe Channel ; North-East
Atlantic ; Josephine Bank. Atlantic Coast

of U.S. (Northern States); Straits of Florida;

Caribbean Islands; South-West Atlantic,

Station 122c and Station 323 (?).

East Atlantic, Station 76 ; Straits of Florida
;

Caribbean Islands ; Yucatan Bank ; off

Panama.

Pacific—near the Kermadecs, Station 171; and
near the Meangis Islands, Station 214; off the

Panglao and Siquijor Islands, Station 210 (?).

Caribbean Islands.

Caribbean Islands.

Caribbean Islands,; Straits of Florida.
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Analysis of the above List.

Genus.
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Table II.—Species found at depths between 100 and 250 fathoms.

Holopus rangi, I.

Rhizocrinus lofotensis, I., III., IV., V., VI. (?)

rmrsoni, I., III., V., VI.

Pentacrinus asterius, I., III.

hlakei.

decorus, I., III., IV.

Pentaciinus miilleri, I., III., IV.

Metaci'lnus angulatus.

cingulatus.

murraiji {V)}

nohilis.

tuherosus.

Table III.—Species found at depths between 250 and 500 fathoms.

Rhizocrinus lofotensis, I., II., IV., V., VI. (?)

rawsoni, I., TI., V., VI.

Pentacrinus alternicirrus, IV.

asterius, I., II.

decorus, I., II., IV.

maclearanus.

miilleri, L, II., IV.

Pentacrinus naresianus, VI.

Metacriniis costatus.

moseleyi.

murrayi (?).

varians.

ivyvillii, IV.

Table IV.—Sj)ecies found at depths between 500 and 700 fathoms.

Rhizocrinus lofotensis, I., II., III., V., VI. (?)

Pentacrinus alternicirrus. III.

decorus, I., II., III.

mollis.

Pentacrinus miilleri, I., II., III.

Metacrinus nodosus.

ivyvillii, III.

Table V.—Species found at depths between 700 and 1200 fathoms.

Bathycrinus carpenteri, VI.Rhizocrinus lofotensis, I., IL, III., IV., VI. (?)

rawsoni, I., II., III. Pentacrinus wyville-thomson

i

Table VI.—Species found at depths between 1200 and 2000 fathoms.

Bathycrinus carpenteri, V.Rhizocrinus lofotensis (?),' I., IL, III., IV., V,

raiosoni, I., IL, III., V.

Bathycrinus aldrichian us.

campbeUian us.

gracilis, VII.

Hyocrinus bethellianus, VII.

Pentacrinus naresianus. III.

Table VII.— Species found at depths between 2000 and 2500 fathoms.

Bathycrinus gracilis, VI.

1 If at Station 192 ; 140 fathoms.

' If at Station 323 ; 1900 fathoms.

Hyocrinus hethellianus (?),* VI.

2 If at Stations 210 or 214 ; 375 and 500 fathoms

* If at Station 223 ; 2:i25 fathoms.
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ouly been found at thirty-four Stations. These have }'ielded thirteen species, representing

five different genera, as shown in the following lists.

Table showing the Number of Times that Stalked Crinoids have been Dredged

in the Abyssal Zone.

Rhizocrinus alone, . . .15^
Pentacnmis alone, . . .8
Bathycrinus alone, . . .61
Hyocrinus alone, . . . 1

J>
=34

Bathycrinus and Hyocrinus, . 2

Pentacrinus and Metacrinus, . 1

Rhizocinnus and Bathycrinus, . 1

N.B.—All the doubtful cases are included in this list.

Table showing the Species of Stalked Crinoids which occur in the Abyssal Zone.

Genus.
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Thus, then, thirteen species have been found in the abyssal zone, two of which are also

littoral, while three are continental. The two former both belong to the genus Rhizocrinus,

of which no exclusively abyssal species are known; though it has been met with at sixteen

out of the thirty-four Stations in the abyssal zone. It is well represented in the Lower

Tertiaries, and perhaps ranges back to the Cretaceous period, when its larger ally

Bourgueticrinus was so abundant.

Pentacrinus has been found at nine Stations where the depth exceeded 500 fathoms

;

and two of its four abyssal species are also continental. But on the other hand,

Baihycrinus, which occurs in the Atlantic at nine abyssal Stations between lat. 65° N.

and 46° S., has never been found at a less depth than 1050 fathoms ; while it embraces

four out of the eight species which are peculiar to the abyssal zone.

No fossil Bathycrinus is known, however, and the genus has no special affinities

except with Rluzocrinns, of which it may almost be said to be the "benthal" ^ representative.

Of the four remaining abyssal species, one is the sole representative of the remarkable

genus Hyocrinus, and has only been met with at 1600 fathoms and still greater depths.

Like the Comatulid genus TJiaumatocrinus, which occurs at 1800 fathoms in the Southern

Ocean, it has certain strong points of resemblance to the Palseocrinoids.

Pentacrinus ranges back to the Trias and Rhizocrinus to the Eocene or Upper

Cretaceous. But they are both abundant at depths of less than 100 fathoms, Pentacrinus

occurring in the Pacific and in the East Indian Archipelago, as well as in the Atlantic and

among the Caribbean Islands; while Rhizocrinus, though limited to the eastern

hemisphere, ranges through over 100° of latitude.

In spite, therefore, of the existence of a few characteristic abyssal tjrpes, it is some-

what of an exaggeration to speak of the Stalked Crinoids as a group " on the verge

of extinction," of which a few survivors may occasionally be discovered in the deeper

parts of the great ocean basins.

1 Dr. Gwyn Jeffreys has suggested that this word be employed to denote depths exceeding 1000 fathoms. See

his address to the Biological Section at the Plymouth Meeting of the British Association, 1877, p. 79.



APPENDIX.

NOTE A.

(Pages 2, 157, and 168.)

On the Homologies of the Crinoidal Calyx in the other Echinoderms.

The relations of the plates which enter into the composition of the calyx of a Crinoid

to those constituting the apical system of an Urchin or a Starfish are stiU the subject of

much discussion.

The apical system of an Urchin, as described by Loven,^ consists typically of a dorso-

central plate enclosed within two rings of five plates each. The plates of the proximal

rino- (genitals, Auct.) are interradial in position, whde those of the outer ring (oculars) are

radially situated. Believing that the dorsocentral is represented in the Pentacrinoid

larva of a Comatula by the terminal plate at the base of the stem,^ I have suggested that

the basals of the Pentacrinoid are homologous with the so called genitals of an Urchin

;

while the ocular plates of the latter correspond to the radials of the Crinoid. So far as the

basals and radials are concerned this view is fundamentally the same as that previously

expressed by Loven and Agassiz, allowance being made for the difterence between their

terminology and that employed by myself; so that the homology between the basals and

radials of a Crinoid and the two rows of plates surrounding the dorsocentral of an

Urchin has been pretty generally accepted.

Dr. R. Hoernes,^ however, objects to this homology (which he associates with my

name) on the ground that the resemblance should be most marked in the geologically

oldest t}^es, " was keineswegs der Fall ist, da gerade der Scheitelapparat der Paltechinoiden

durchaus nicht an die Basis-Entwickelung der Criuoiden-Kelches sich anschliesst."

This objection may be answered in two vfays. 1. Loven* says that the general formula

of the apical system of Echinoidea " has remained, more or less altered, but always recognis-

able, from Palaeozoic to recent time." 2. The positive fact that the basals and radials of

1 Etudes sur les .ficliinoulees, K. Svcnsk. Vetensk. AJcad. Handl, Bil. xi., 1874, No. V, p. 65.

2 Quart. Jonrn. Micr. Sci., 1878, vol. xviii., N. S., p. .374.

3 Elemeiite der PalcContologie (Palwozoologie), Leipzig, 1884, p. 130.

* On Pourtalesia, a genus of Echinoidea, K. Svensk. Vetensk. Akad. Handl, Bd. xix., 1883, Xo. 7, p. 62.

(ZOOL. CHALL. ESP.—PART XXXII.— 1884.) 11 50
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the Crinoid larva have precisely the same relation to the vaso-peritoneal system as the

corresponding plates (genitals and oculars) of an Urchin is a strong reason for not laying too

much stress upon the negative evidence of a confessedly imperfect palseontological record/

In one respect it is somewhat unfortunate that the Urchins should have been selected

as affording the typical apical system of the Echinozoa, with which that of a Crinoid

could be compared. For their apical system is primitively a comparatively simple one
;

whereas many Criuoids have a ring of plates immediately beneath the basals which are

unrepresented in the Urchins, though present in many Ophiurids and Asterids.

In his endeavour to find an early Crinoidal form with a calyx of the same simj)le

description as the apical system of an Urchin, Professor Loven'' was led to select the

genus Cyathocrimis {Poteriocrinus) ; and he proposed the following homologies between

the two types :

—

1. Dorsocentral of Urcliin = the five under-basals of Cyathocrinus (the basals of J. Miiller).

2. Genitals of Urchin = the five basals of Cijnthocrinns (the parabasals of J. Jliiller).

3. Ocular plates of Urchin = radials of Cyathocrimis.

The two last of these propositions have been generally, but not universally, accepted.

As regards the first, however, I am sony to say that I have found myself unable to

agree with Professor Loven.

I pointed out six years ago' that the under-basals of Cyathocrinus constitute an

element in the calyx which is by no means so constant in its occurrence as it should be,

were it a fundamental part of the apical system and homologous with the dorsocentral of

an Urchin or Starfish. Under-basals are present in Encrinus, Extracrinus, and Marsu-

pites among the Neocrinoids, and in Cyathoerinus, Poteriocrimis, Rhodocrinus, and a

large number of allied genera among the Palseocrinoids ; while they are absent in Apio-

crinus, Pentacrinus, Actinocrinus, Platycrinus, and in many other less known genera.

When present, there are generally five distinct plates, resting on the upper stem-joint

;

and this fact, together wdth the want of constancy in their occurrence, caused me to

suspect that they could not be collectively homologous to the primitively single dorso-

central plate of an Urchin or Starfish, as supposed by Loven. I was therefore led to

seek for the homologue of this last in the terminal plate at the end of the stem of the

Pentacrinoid larva, which occupies the same position T\'ith regard to the right peritoneal

tube as the dorsocentral of a larval Urchin or Starfish. This suggestion has been

accepted by Liitken and by Sladen, as I have pointed out above (p. 168), though it is

altogether ignored by Loven. But no serious arguments have been yet brought forward

against it by other authors who have discussed the question ; while, on the other hand,

1 Dr. Hoemes does not appear to have gone into the subject very deeply. I have nowhere suggested that the

radials of an Urchin are homologous with the basals of a Crinoid ; nor that the niadreporite of Cbjpeaster is compar-

able to the centro-dorsal of Comatula and to the central plate in the calyx of Marsujntes. Nevertheless Hoernes thinks

fit to express his dissent from these views, which have originated with no one but himself, and he entirely misses the

real point at issue.

2 Etudes, loc. cit., p. 80. ^ QmirL Journ. Micr. Sci, 1878, vol. x\'iii., N. S., pp. 358-361.
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several recent resCcorches have supplied further cogent reasons for rejecting the homologies

which Loveu seeks to establish between the dorsocentral of an Urchin or Starfish and the

under-basals of a dicyclic Crinoid.

Six years ago the numerous modifications of the apical system which are presented

by Asterids and Ophiurids had received comparatively little attention ; and I was

therefore led to regard the under-basals of Eiicrinus, Extracrinus, and of the Palaeozoic

Crinoids as " additional elements which occur in the apical system of some Crinoids,

while they are unrepresented in other members of the order and in the other Echino-

derms."^ Fom* years later, however/ I was able to show that the apical system of

the young Ampliiiwa squaviata, which had been recently described by Ludwig,*

corresponded precisely, with that of Marsupites, the type which was first selected,

by Loven for comparison with Salenia. Both in Amphiura and in Marsupites there

is a central abactinal plate representing the dorsocentral of an Urchin. Next to this

come, not the interradial plates corresponding to the genitals of an Urchin and the

basals of Cyathocrimis, as Loven formerly supposed,* but a ring of radially situated

plates which correspond to the under-basals of Cyathocrinus, but are not represented

at all in the apical system of an Urchin, as at present known. Outside these come the

interradial basals (genitals) and then the radials (oculars). Ludwig discovered that

the latter remain on the disk of Amphiura, and are not carried away from it by the

growing arms as had been generally supposed.

Having discovered, as I believed, the homologues of the under-basals of a Crinoid

in a larval Ophiurid, I naturally began to seek for them in the adult members of

the class ; and it soon appeared that they were represented in the rosette of primary

plates which occupies the centre of the disk in certain species of Ophioglypha,

Ophioceramis, Ophiomusium, and Ophiozona.^ At the same time two important

discoveries bearing on this question were made by Sladen.® (l) The radial plates

of the larval Asterid remain on the disk, like those of the Ophiurid, and are not

carried outwards by the growing arms, as was formerly supposed. (2) In the late larvse

of Zoroaster fulgens, Asterina gibhosa, Asterias ruhens, Asterias glacialis, and other

species, the so called genital plates ( = basals of a Crinoid) are separated from the

dorsocentral by a ring of radial plates which occupy exactly the same position as the

under-basals of Marsupites, and the corresponding plates in the Ophiurids mentioned

1 Qtmrt. Joum. Mkr. ScL, 1878, vol. xviii., N. S., p. 374. ^ Ibid., 1882, vol. xxii. p. 380.

3 Zur Eiitwicklungsgeschichte ties Oiihiurenskelettes, Zcitschr.f. wiss. Zool., Bd. xxxri. 1882, pp. 181-200, Tafu. x., xi.

* Lovcin appears to have been so far influenced by my criticisms on his comparison of the radially placed

under-basals of Marsupites with the interradial genitals of Salenia that he makes no further reference to the former

type, although in his earlier "Etudes "he laid great stress upon its resemblance to Salenia. This is uutortunate,

because the presence of a dorsocentral in Marsupites, as well as of under-basals homologous with those of Cyathocrinm,

proves conclusively that the latter cannot represent the dorsocentral of Marsupites, and therefore of Salenia, as Loven

fonuerly supposed.

5 Quart. Joum. Micr. Sci., 1884, vol. xxiv., N. S., p. 11. " Ibul, pp. 29-34.
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above. Further, these plates "are large and well-developed in the adult forms in

Pentagonaster semihmatus, Gymnasteria carinifera, in various species of Pentaceros,

and a larsre number of the Goniasteridse."

It thus appears that a small number of Ophiurids and a larger number of Starfishes

have two rings of plates between the radials and the dorsocentral, just as is the case in

Marsupites; though in the majority of the members of both groups there is only one

ring, the elements of which are interradial, as is the case in all the Urchins, so far as

is yet knowm. The homology of these interradial plates with the basals of the Penta-

crinoid larva and of Marsupites is a part of Loven's theory ; while he long ago pointed

out the homology between the central abactinal plate of the Starfish larva and the dorso-

central of Marsupites} I do not see therefore, how he can do otherwise than accept

the views of Sladen and myself respecting the homology of the radial plates immediately

surrounding the dorsocentral of Ophiomusium, Amphiura, Asterias, and Zoroaster with

the under-basals of Marsupites. In both cases these radial plates separate the dorso-

central from an interradial series which are called basals in a Crinoid and genitals in

an Urchin or Starfish, i.e., the plates for which Lov^n proposes the general name of

" costals." I do not imagine that he will deny (l) that the radial plates between the

costals and dorsocentral of Marsupites are homologous with the radial plates between

the costals and dorsocentral of the young Asterias ; nor (2) that these radial plates are

homologous with the under-basals of Cyathocrimts, which are immediately within the

basals, or as he prefers to call them, costals. But, according to his present view, these

under-basals of Cyathocrinus rej)resent the dorsocentral of the young Asterias. There

is, however, no reason to seek for the homologue of the five under-basals of a dicyclic

Crinoid in the single dorsocentral of a larval Starfish ; for this dorsocentral is

surrounded by five plates which correspond exactly in their relative positions with

the under-basals of Marsupites, and therefore of other dicyclic Crinoids, including

Oyathocnnus.

If I may be permitted to use here an expression employed by Prof. Loven with respect

to another homology which he establishes, I would say that " to anyone believing in the

consistency of Nature's ways, there is no reason whatever for doubting " that the apical

systems of some Asterids and Ophiurids contain plates which are truly homologous wdth the

under-basals of a Crinoid. It is unfortunate that their presence was not discovered in

time to be noticed by Prof. Loven in his recent discussion of the question; for I am

sanguine enough to believe that it would have led him to reconsider his views respecting

the homology of the five under-basals of a Crinoid with the primitively single dorso-

central of a Starfish.

The interradial plates in the apical system of a Starfish or Urchin are usually known

as the genitals; but this term, " besides being expressive of incidental relations peculiar

' £tudes, he. cit., pp. 72, 86.
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to the Echinoidea and partly to the Asteriadea, cannot by any means be applied to the

homologous parts in the Crinoid," i.e., to the basal plates. Loven/ however, objects to the

extension of the latter name to the so called genitals of Urchins and Starfishes, because

the position of their apical plates, " while basal in the Crinoidea, is culminating in the

Echinoidea and the Asteriadea, and consequently any appellation involving the notion of

a basal position must be avoided." There is undoubtedly some force in this objection ;

and I have long been endeavouring to find some general expression that would conveniently

describe the interradial plates in the apical system of all Echinoderms. Not having

succeeded in this quest, T have been obliged to fall back upon the word " basals." The

interradial position of these plates in the calyx of a Crinoid, as defined by M tiller,^ is

now universally recognised, and the use of the word is not likely therefore to lead to any

confusion respecting the position of the plates with regard to the general symmetry of

the Echinoderm type ; while it has the further advantage of avoiding the multiplication

of " terms already too numerous." As Loven objects to the use of " basals " for the

reasons given above, he seeks to avoid the introduction of new names by reviving the old

term " costals " of MUler. To this there could be no possible objection were it only

employed in the sense in which it was generally used by Miller, but this is unfortunately

not the case. In seven out of the nine genera which were described by Miller as

having costal plates, this term was used for the radial plates of the calyx ; while it was

only in describing some species (not all) of Cyathocrinns that he employed the term costals,

for the interradial plates of the calyx or basals, and in the case of Marsupites he gave this

name to the under-basals. Loven admits this inconsistency,* but adds that " it has

always been considered allowable to suggest the use in a strict sense of a term elsewhere

vaguely applied." This is of course quite true, but the term should- surely be limited to

that sense in which it w\as most generally used by its author. This is not the case,

however, with Lov^n's revival of the term " costals," fir he employs it to designate the

basal plates which were only called costals by Miller in four out of the many species

described by him ; while he applied tbis name to the radials in all the other cases in

which he used it at all, except in that of Marsupites. I cannot help feeling, therefore,

that this revival of a name which has been disused for half a century is somewhat

inexpedient, and is likely to lead to a confusion between the radial and interradial

plates of the apical system which it is very desirable to avoid. Every one knows that the

interradial abactinal plates of an Urchin or Starfish are not situated at the base of its

body as they are in a Crinoid ; and this reservation being made I do not see that there

can be any objection to caUing them basal plates. This would avoid all possibility of

any confusion with respect to their position as regards the general symmetry of the

1 On Pourlalesia, loc. cit., p. 63.

2 It may be noted with respect to tLis point that when Loven inverts an Urchin for a better comparison of its calyx

with that of a Crinoid, his " costal " plates (the genitals) really do become " basal " in position (see p. 414).

3 Bau des Pentacrinus, loc. cit, p. 25. * On Pourtalesia, loc. cit., pp. 63, 64.
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Echinoderm, which seems to be inseparable from Lovdn's use of the term. Should Prof.

Loven ever write anything more upon the apical system of Echiuoderms, he cannot avoid

referring to the radial plates between the dorsocentral and the so called genitals (costals

or basals) of an Asterid. He cannot sjieak of them by the name which was given them

by Sladen who discovered them, viz., " under-basals," for this term would be meaning-

less and confusing unless the plates outside them (the costals of Loven) were also called

basals ; and he would therefore have to invent a new name for them, a proceeding to

which he objects, or else adopt the terminology of Sladen and myself. I am sanguine

enough to hope, not only that this will be the case, but also that the presence in Asterids

and Ophiurids of plates homologous with the under-basals of Crinoids wDl lead him to

abandon his theory of the homology of these under-basals with the dorsocentral of an

Urchin or Starfish. I little expected six years ago to get so complete a confirmation of

the views I then expressed as the presence of a " dicyclic base " in several Asterids and

Ophiurids as well as in CyatJwcrimis and Marsupites. The similarity in structure of

the apical system in all the groups of brachiate Echinoderms thus becomes exceedingly

striking; and it affords a further proof (if such were needed) of the homology between

the apical systems of the Echinozoa and the Pelmatozoa respectively.

Two authors, however, have been led to an entirely difi'erent conclusion respecting

the interradial abactinal plates of the Starfish larva from that of Loven, Agassiz, Sladen,

and myself Lud^ig regards them as homologous with the orals of a Crinoid, because

one of the latter is pierced by the primitive water-tube ;
^ while the madi'eporite of an

adult Starfish is in relation with one of the so called genital j)lates (costals or basals).

The morphological difficulties inseparable from this inversion of the relations between a

Starfish and a Crinoid, as ordinarH}'- conceived, have been discussed by Sladen ^ and

myself.'' With the exception of Studer,* whose errors have been discussed elsewhere,' no

other writer has alluded to the subject ; though it has recently made its appearance in a

somewhat modified form. Perrier stated two years ago " that the primary interradial plates

around the dorsocentral of the young Brisinga develop into the so called odoutophores

of the adult. The former are the plates which are usually known as the genitals (costals

of Loven ; basals of Sladen and myself) ; and if Perrier's statement be correct, the views

of Loven, Agassiz, Sladen, and myself respecting the homology of the apical plates

through the whole group of Echinoderms are no longer tenable. No proofs of it have yet

been offered, however, though in a later note by Perrier ^ the following passage appears,

" Les jeunes Asteries, les jeunes Brisinga presentent aussi, comme Loven et nous-meme
1 Zeitschr.f. wiss. Zool., Bd. xxxiv. p. 318, 188(>.

2 Quart. Joum. Micr. Sci., 1884, vol. xsiv., N. S., pp. 35-40.

3 Ibid., 1880, vol. xx., N. S., pp. 322-329.

^ Uebersicht iiber die Ophiuriden welche wahrend der Eeise S.M.S. " Gazelle " \\m die Erde, 1874-76, gesammelt
warden, Abhandl. d. k. Akad. d. Wiss. Berlin, aus deni Jahre 1882, Phys. Kl. Abh., i. p. 10.

^ Quart Joum. Micr. Sci., 1884, vol. xxiv., N. S., pp. 15-18.

^ Note sur les Brisinga, Comptes rendtcs, t. xcv., 1882, p. 63. ' Hid., p. 1381.
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I'avons etabli, des plaques dorsales disposees au debut, comme ceUes du caUce des

Crinoides ; nous avons clemontre que, chez les Brmnga, les plaques de la premiere rangee

deviennent les odontopliores." Even yet, however, no figures of the various develop-

mental stages of Brisinga have been published in "demonstration" of Perrier's

statements, which were summarised as foUows, " Ainsi les odontophores sont les restes

des pieces du premier rang du disque primitif de la Brisinga. L'identit^ evidente du

plan d'organisation des Brisinga et des Asteries proprement dites rend la meme conclu-

sion provable pour les autres Etodes de mer." It is undoubtedly probable that what is

true of Brisinga also applies to all the other Asterids ; and it is therefore the more

desii-able that some proof should be offered of the very definite statements made by

Perrier. They have recently been disputed by Sladen ' on the ground that in all the

Starfishes of which the embryonic stages are sufliciently known, the basals and odonto-

phores are " separate and distinct, and co-exist independently from their first formation ;

"

while he further expresses his belief, based on sound morphological arguments, that the

origin assigned by Perrier to the odontophores of an Asterid is theoretically impossible.

Perrier has recently repeated his statements in somewhat greater detail,' and havmg

compared Loven's figures of the young Asterias glacialis with his young specimens of

Brisinga, he says that he has no doubt whatever, "que les choses se passent de la meme

facon dans les deux genres, et nous pouvons, des lors, affirmer que les pieces radiales {sic)

des tres jeunes AsteriadjB deviennent dans cette ordi-e de Stellerides les odontophores."

Unfortunately for his theory, however, these interradial abactinal plates of the

young Asterias develop in other Starfishes into relatively large plates which remain m

more°or less close relation with the dorsocentral, and are the very plates described as

basals by Sladen not only in the larval Asterias, but also in the following genera—

Zoroaster,^ Pentagonaster, Tosia, Astrogonium, Stellaster, Nectria, Ferdina, Pentaceros,

Gymnastevia, and others.

As there is an odontophore on the ventral side in each of these types, it is perfectly

' QxMrt. Journ. Micr. Sci, 1884, vol xxiv., N. S., p. 39.

2 Memoire sur les Etoiles .le Mer recueillies dans la mer des Antilles et le Golfe du Mexique durant les expeditinns

de dra.^ac'e faites sous la direction de M. Alexandre Agassi^,, Nouv. Archiv. du Mus. d'Hisf. Nat., S""- ser., 1884, t. vi. p. 159.

3 Se^'veral months before the appearance of Perrier's Report upon the West Intlian Starfishes, Sladeu figured the

apical system of Zaroaster fuhjens, and described it in the following terms : "Surrounding a dorsocentral and hve sniaU

radially placed plates are fiye large plates interradial in position ; and outside and alternatmg with these are tive

similar but rather smaller radially placed plates. ... It will be noted tliat these plates represent in a remarkable manner

the dorsocentral, the under-basals, the basals, and the radiak respectiyely of the Crinoid calyx" (Asteroulea d-edged in

the Faroe Channel during the cruise of H.M.S. "Triton" in August 1882, Trans. Eoy. Soc. Edm., vol. xxxii.
p.^

IbU,

ficrs. 9, 11). Precisely the same arrangement appears in the apical system of Zoroaster acldeyx, so far as one can judge

from Perrier's figure of an entire specimen {Nouv. Archiv. du Mm. d'Hut. Nat., 2-= ser., 1884, t. vi. pi. m. hg. 1)
;

but he

makes no mention of Zoroaster fulgens. Eyen if he had not seen Sladen's reference to it, one would haye thought that

he would have been struck by the Crinoidal aspect of Zoroaster acWeyi, though he does not refer to it at aU and he

.riyes no detailed description of the plates. It would be interesting to know his reasons for believmg that the large

interradial plates in the immediate neighbourhood of the dorsocentral are not the "plaques de la premiire rangfie

of the larva, which occupy exactly the same position with reference to the dorsocentral, and are believed by Perrier

to become the odontophores in all Starfishes except Caulaster.
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clear that this structure caunot have been developed from the primary interradial plates

in the abactinal system of the larva; for these last remain in the apical system, just as

they do in the Urchins. Sladen's observations, to say nothing of those of Loven, render

Perrier's views respecting the development of the odontophores of an Asterias from the

primary interradial plates round the dorsocentral of the larva, absolutely untenable,

and one is therefore the less disposed to accept his statements concerning Brisinga, of

which no proof has yet been offered to his fellow-workers.

In connection with this subject he has recently advanced some theories respecting

the mutual relations of a Crinoid and an Urchin which are altogether at variance with

those of most other naturalists, except perhaps Ludwig. He thinks that in comparing

the apical system of an Urchin with the calyx of a Crinoid, Loven " a attribue a I'Oursin

une position exaetement inverse de sa position normale." ^ He regards an Urchin as a

Crinoid with a large visceral mass to which the arms are fixed, as for example in

Eucalyi^tocnnus ;
- while " la bouche serait situee au point d'insertion du disque sur

la tige." Under these circumstances the nervous sj'stem and ambulacral canals of an

Urchin would have " exaetement les memes rapports que ceux qui nous sont offerts par

la Comatule. 11 est a remarquer que prdcisement, en ce point, le calice de nombreux

Crinoides j)edoncules s'invagine, et pr^sente des plaques qui ne sont pas sans analogic

avec celles qui constituent la lanterne d'Aristote des Oursins et plus particulierement

des Clypeastres." This idea has since been further developed.^ The arms of a Crinoid

grow at their free end, while the new ambulacral plates of an Urchin are formed round

the periproct. The base of the ambulacra is thus in the peristome. "Mais alors les

pieces homologues des plaques calicinales des Crinoides sont non pas les dix plaques du

periprocte, mais bien les pieces constitutives de la lanterne d'Aristote. Quelque bardie

que paraisse cette interpretation nous sommes persuade que tout esprit non

prevenu sera frappd de I'dtroite ressemblance d'un Oursiu regulier avec des Crinoides tels

que le Callicrinus et surtout les Eucalyptocrinus." I fear that in this matter I

cannot be said to have an " esprit non prevenu " ; but it certainly appears to me
somewhat rash to attempt to overthrow the generally accepted ideas respecting the

mutual relations of an Urchin and a Crinoid by reference to such very highly

specialised types as Eucalyptocrinus and Callicrinus. Both in this respect and in the

comparison of the Criuoidal calyx to the lantern of Aristotle, 1 cannot help feeling

that Prof. Perrier has altogether lost sight of the embryological arguments by
wliich questions of homology are generally decided. The calyx of a Crinoid and the

apical system of an Urchin or Starfish have precisely the same relations to the vaso-

peritoneal apparatus of the larval Echinoderm ; and until some better reason can be

adduced for disregarding this relation than a more or less uncertain resemblance between

' Noiw. Archiv. du Mus. (THisf. Nat., 2""^ ser., 1884, t. vi p. 161. - Comptes rmdus, t. xcviii. p. 1450.

3 Nouv. Archiv. du Mus. d'Hist. Xat., 2"* ser., 1884, t. vi. p. 161.
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a stcmless Urchin and a highly specialised Palceocrinoid, I think that most naturalists

will be inclined to regard the mouth of an Urchin as representing that of a Crinoid, and

not the point of attachment between the stem and the body.

If this last view be correct, it follows, as Perrier points out, that "le dos des Ast^ries

correspondrait a la region buccale des Oursins et non a leur region anale," which not

even Ludwig would assert. Two years ago Perrier described a small Starfish which

had been dredged by the " Travailleur," and was distinguished by the possession of

a small dorsal appendage comparable to the stem of a Crinoid.^ He stated that

" quelques caractferes des Asteries dont nous avons a parler ici paraissent indiquer

que I'appendice dorsal dont elles sont munies est bien reellement I'homologue du

p^doncule des Crinoides." He named the type Caulaster, and added that it is allied to

Ctenodiscus. " II existe chez ces derniers un leger tubercule qui nous parait homologue

de I'appendice dorsal des Caulaster, et peut-etre en pourrait-on rapprocher un bouton

saillant qui, chez les Astrojjecten, occupe la place ou se trouve I'anus chez les autres

Etoiles de mer." Sladen subsequently pointed out that a central epiproctal prominence

of this kind is very general in the family Astropectinidse.^ It is " frequently developed

into an elongate tubular prolongation " in the subfamily Porcellanasteridse. He doubted

the affinity of Caulaster with Ctenodiscus, and was inclined to regard it as a young

Porcellanaster. More recently Danielssen and Koren ^ have described a new genus

Ilyaster, in which a disk of 30 mm. diameter bears an epiproctal process 8 mm. long

and covered mth paxUlse, as in the Astropectinidse described by Sladen. They agree

with Perrier in regarding it as homologous with the stem of a Crinoid; and it would

appear that Agassiz is of the same opinion.* It may be that this view of the case is the

right one ; but it could only be satisfactorily proved to be so by the demonstration that

the cavity of the epiproctal prolongation is derived from the right vaso-peritoneal tube.

For it is a diverticulum of this division of the primitive body-cavity of Comatula which

extends backwards and has the joints of the larval stem developed in its walls. Future

observations upon the early larval stages of the Astropectinidse would throw much light

upon this question. Perrier's Caidaster appears to be the youngest known form pos-

sessing this curious appendage, and some of the plates of the primitive calycular system

are still visible. " A la base de I'appendice dorsal, se trouvent en effet quatre graudes

plaques calcaires, disposees en croix et portant chacune un petit piquant ;
ces plaques

sont a pen pres orientees dam la direction des bras; une cinquieme plaque, alterne

avec deux d'entre elles et opposee ^ la plaque madreporique, fait ^videmment partie du

meme cycle ; cinq autres plaques plus petites viennent se placer dans les angles laissds

libres par les cinq plaques de la premiere rang(5e. On ne pent manquer d'etre frappe

1 Comjites rendus, t. xcv. p. 1379. '- Journ. Linn. Soe. Land. (Zool.),yul. xyu. p. 214.

3 Den Norske Nordhavs-Expedition, xi.; Zoologie. Asteroidea, p. 101, pi. vii. tig. 16, 1884.

4 Reports on the Ee.sults of Dredging by the U.S. Coast Survey steamer -'Blake" ;
Report on the Echini, Mem.

Mus. Comp. ZooL, vol. x., 1883, No. 7, p. 17.

(ZOOL. CHALL. ESP.—PAKT XSXII.— 1884.) '' "^^
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de la ressemblance absolue de ces dix plaques alternes avec celles qui forment le periprocte

des Oursins et que Loven a rapprochdes, h leur tour, de celles qui constituent le calice des

Crinoides, opinion que nous aurons prochainement occasion de discuter. L'identite de dis-

position des plaques dorsales des Caulaster avec celles du calice de Crinoides est evidente."

It would apjDear, however, from the foregoing description that Perrier's comparison of

the plates round the dorsal appendage of Caulaster with those forming the periproct of

an Urchin cannot be followed out in detail. The first row of plates in Caulaster, if

radially situated as Perrier states, cannot correspond to the first or inner row of the

apical system of an Urchin ; for these last are the genitals, and are situated interrxidially.

Their homologues are the plates in the second row of Caulaster, which alternate with

those of the first ; while the second ring of plates in the Urchins, the oculars or true

radials, appear not to be represented in Caulaster. If Perrier's description of the positions

of the plates in this type be correct, its apical system consists, not of genitals and oculars

(basals and radials) as in an Urchin, but of under-basals and basals ; and the true radials

must be so small as to have escaped his notice.

NOTE B.

(Page 36.)

On the Basals of Fossil Comatul^.

In certain fossil Comatulse the ends of the basals are visible on the exterior of the

calyx between the radials and the centro-dorsal. They are sometimes quite small, as in

some forms oiPentacrinus decorus (PI XXXIV. fig. 1 ; PL XXXV. figs. 1, 2; PI. XXXVI.
fig. 3) ; while in other species, such as SolanocHnus scrohiculatus, Miinster, they may
reach a considerable size. As long as basals were supjaosed to be absent in the calyx of

the recent Comatulse, their presence in fossil forms appeared to be a character of generic

value. But after the discovery by Dr. Carpenter and Sir Wyville Thomson that the

Pentacrinoid larva has true basal plates which eventually become metamorphosed into

the concealed rosette, this distinction between the recent and fossil Comatulse no longer

holds good. Schliiter ^ recognised this fact in 1878, and pointed out that Solanocrinvs

was merely a synonym of de Freminvdle's name Antedon. He referred to this genus

both Solanocrinus costatus, Goldfuss, and Solanocrinus scrohiculatus, Miinster, together

with two other fossil species, in both of which the basals appear on the exterior of the

calyx. Zittel,^ however, regarded Solanocrinus as a subgenus of Antedon, distinguished

from it by the presence of external basals.

In the following year ^ the examination of a considerable number of fossil Comatula;

1 Zeitschr. d. ileutsch. geol. Gesellsch., Jahrg. 1878, pp. 36, 40. ^ Palseontologie, vol. i. p. 396.

3 On some undescribed Comatulee from the British Secondary Rocks, Quart. Joum. Geol. Soc, vol. xxxvi.

pp. 36-46, 1880.
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led me to adopt Schliiter's view, as de Loriol ' had previously done. For I not imfre-

quently met with calyces in which basals might appear externally at some of the angles,

l)ut not at others ; while in other fossil types no basals were visible at all. In both cases,

however, the basals were present as more or less prismatic rods extending outwards from

the centre of the under surface of the radial pentagon somewhat as in the Pentacrinus

decorus represented in PI. XXXIV. fig. 8. But they were not always long enough to

reach the edge of the radial pentagon and appear externally between it and the centro-

dorsal ; so that one side of a calyx would be that of an Antedon and the other that of a

Solanocrinus. Under these circumstances it would seem that Schliiter was undoubtedly

right in uniting Solanocrinus wdth Antedon. But in a Manual of Palaeontology recently

published by Hoernes,^ Zittel's classification is still adopted, and Solanocrinus is placed

as a subgenus of Antedon, differing from it in the presence of basals on the exterior of

the calyx ; while it is also described as represented by a Living species and not by fossil

ones only. This apparently refers to the doubtful genus Comaster, Agassiz, which is

only known from the description given of it by Goldfuss.' Whatever be the nature of

Comaster, however, the supposed difierence between Solanocrinus and Antedon cannot

any longer be regarded as of generic value.

NOTE C.

(Page 68.)

V

On the Excentric Position of the Mouth in Actinometra.

The genus Actinometra comprises quite two-fifths, if not more, of aU the species of

liAdng Criuoids. The character by which it is most readily distinguished at first sight is

the excentric position of the mouth, as was pointed out in 1877* and again in 1879 ;^

while its generic position is recognised by Glaus in the last edition of his Grundziige der

Zoologie with the character "Mund excentrisch" (PL LV. figs. 1, 2 ; PL LVI. figs. 7, 8;

PI. LXI. fig. 2 ; see also fig. 3 on p. 92).

In spite of these facts, however, Hoernes stated in his Palaeontology (p. 131) that in

recent Crinoids the mouth is always (stets) in the centre of the disk, which is verj^ far from

being the case, as explained above. This error was avoided by Zittel, whom Hoernes

usually foUows very closely; though the generic position of Actinometra was not fully

recognised by the former author, who placed it along with Solanocrinus and Promacho-

crinus as a subgenus of Antedon. But all subsequent -wTiters, Hoernes excepted, have

recognised that Antedon and Actinometra are totally distinct generic types.

1 Swiss Crinoids, p. 254. ^ Eleniente der Pala?ontologie, p. 149.

3 Petrefacta Germaniie, vol. i. p. 202 ; see also Journ. Linn. Soc. Land. (Zool.), vol. xiii. p. 454, 1877.

* Journ. Linn. Soc. Land. (Zool.), vol. xiii, p. 441, 1877.

' The Genus Actinometra, Trans. Linn. Soc. Land. (Zool.), ser. 2, vol. ii. p. 18.
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NOTE D.

(Pages 100, 106.)

On the Supposed Communication of the Chambered Organ and
Labial Plexus with the Exterior.

Perrier's statements resiDecting the direct continuity of the water-tubes depending
from the oral ring of the larva with the inner ends of the water-pores of the disk have
recently been extended to the adult Antedon. He further asserts not only that some of

the water-pores open into the more or less glandular tubules of the labial plexus, but
also that the canals forming the inner ends of the water-pores on the lower part of the

disk open into the cavities of the chambered organ/

1 will not go so far as to deny the truth of these statements ; but can only say that

the results which Prof. Perrier believes himself to have obtained by " I'etude miuutieuse

de plus de deux cents coupes " are far from being in accordance with those of lAid^\ag,

Greeflf, Teuscher, or myself. It seems to me unlikely that the complex relations of the

canals forming the inner ends of the water-pores which Perrier describes should have entirely

escaped the notice of all of us. I freely admit that I may have overlooked the connection

of the water-pores mth the water-tubes and with the labial plexus ; for the state of preser-

vation of my material has not been such as to jdeld sections of one-fortieth of a millimeter

thick. But, on the other hand, I have carefuUy studied many more than two hundred
sections, nearer two thousand in fact, of several different types ; and I believe it to be
impossible that I could have avoided seeing such a connection between the water-pores

and the chambered organ as is described in the following sentence, "leur jJexus se

continue jusqu'a I'organe cloisonne dans les chambres duquel souvrent encore chez

YAntedon rosacetis les canaux issus des entonnoirs inferieurs du disque."

The chambered organ of a Comatida is lodged within the cavity of the centro-dorsal

basin, covered up by the rosette, and surrounded by the ring of united first radials

(PI. LXr. fig. 2). It is therefore a perfect mystery to me how any of these canals which
lead inwards from the ciliated water-pores and traverse the perisome of the disk can
possibly open into its chambers.

Perrier describes himself as having been the first since the time of Muller to draw
attention to these ciliated water-pores ;

- and he gives the date of his having done so as

1872.3 In making this claim, however, he entirely ignores the fact that on the 21st

of March 1871 Grimm had communicated a description of them with illustrative figures

to the St. Petersburg Academy.* His description and figures were published in 1872, and

' Anatomie des ifechinodermes
; siir I'organisation des Comatules adultes, Comptes rendits, t. xcviii., No. 23,

1884, p. 1449.

2 Comptes rendus, t. xcviii. p. 1449.

3 Recherches sur I'anatomie et la ^generation des bras de la Comatula rosacea, Archives d. Zool. ejyper., vol. ii. p. 42.
• Zum feineren Ban der Crinoiden, Bull. Acad. Sci. St. Petersb., t. xvii., 1872, col. 3-9, Mit einer Tafel.
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Pcrrier cannot well be unaware of the fact at the present time, as it is noticed in the text of

Ludwg's work on the Crinoids, and the paper is properly quoted in his bibliography. It

is difficult, therefore, to see on what grounds Perrier bases his claim respecting the re-

discovery of these ciUated funnels, " sur lesquels, depuis Johannes Mtiller, j'ai le premier

attire I'attention (1872)." When he published the paper here referred to, he had onl}-

made a superficial examination of these openings, each of which he described as leading

into a small cul-de-sac. It would seem indeed as if he were then unaware, not only of

Grimm's more correct observations of the previous year, which may be readily understood,

but also of MiiUer's description of these pores puhlis/ied nearly thirty years before;^ for

he never mentioned Miiller at aU, and suggested that the pores might be special sense

organs ! Now, however, he teUs us that they have a threefold connection—(l) with the

water-vascular ring
; (2) with the plexus of glandular tubules round the gullet

; (3) with

the ca^dties of the chambered organ. No other observers have noticed these points, and

Prof. Perrier's proofs of his statements will be awaited with much interest.

NOTE E.

(Page 102.)

On the Intervisceeal Blood-Vessels.

Perrier admits in his latest note " that diverticula of the cavity of the axial organ

extend through the coelom, and that while some of them " apparaissent sur les coupes

comme termines en culs-de-sac, d'autres se plongent manifestement en canaux. Quelques-

uns de ces canaux courent parmi les trabecules innombrables de la cavite generale ; il en

est qui se rendent vers les bras."

Some of these canals, which are regarded b)^ Ludwig and myself as the intervisceral

blood-vessels, are represented in PL LVII. figs. 2-5 and PI. LX. figs. 3, 5

—

ih. If they

are merely parts of a " vaste systeme aquiiere," as Perrier believes, it is difficult to

understand their existence ; for the body-cavity through which they ramify already

contains water which has entered it by the water-pores of the disk. What then is the

object of a special set of aquiferous tubes distributed over the coils of the digestive canal

and not communicating with the ambulacral system, but with the axial organ and the

labial plexus ; and why is it that their lumen is so frec|uently filled up with coagulum ?

NOTE F.

(Page 106.)

On the PiELATION OF THE VaSCULAR SySTEMS OF A CeINOID TO THOSE

OF THE OTHER EcHINODERMS.

Perrier's latest views respecting the vascular system of a Crinoid are expressed in the

1 Duich diese capillaren Poren kann das Wasser bis in die Niihe des im Kelcli liegenden Eingeweidesacks

eindringen (Bau des Pentacriiuis, he. cit., \>. 49 ; see also the Bau der E'.'liiiiodermen, loc. cit., p. 63).

2 Comptes rendus, t. xcviii. p. 1449.
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following passage :'—" Ainsi le plus grande nombre des entonnoirs cilies, I'organe

spongieux, I'organe axial, les chambres de I'organe cloisonne, ne forment qu'un seul et

meme systeme, a la fois I'analogue et rhomologue du systfeme form^ cbez les Oursins,

les Asteries et les Opbiures par la plaque madreporique, le canal hydrophore ou canal

du sable et la glande ovoide qui lui est constammeut annexee."

The above statement harmonises admirably with the theory which Perrier has so long

been advocating respecting the fundamental unity of what are generally kno-^Ti as the

water-vascular and the blood-vascular systems of Eehinoderms. This theory is by no

means new, and appeared to receive conjfirmation from the results of Perrier's study of

the circulatory apparatus of the Urchins.^ But Koehler's later observations on the same

subject ^ have shown that several important points in the anatomy of the vascular

system of an Urchin entirely escaped Perrier's notice. Although he adopts Perrier's

views, his observations are capable of an altogether different interpretation, as I have

shown elsewhere ;* while they afford a strong confirmation to Ludwig's description of the

vascular system of the Asterids.® This was founded upon the most careful and elaborate

observations which have yet been published ; and although their correctness has been

called in question by Messrs. Perrier and Poirier,^ none of the French zoologists have

jjublished a single figure in proof of their assertion that what is generally called the blood-

vascular system of a Starfish communicates with the exterior through the madreporite.

As regards both Starfishes and Urchins therefore, the latest and most detailed

observations do not tend to support the views of the French school. With respect to

the Crinoids, however, the results which Perrier describes himself as having obtained,

fall in with his theory in a manner which leaves nothing to be desired for completeness.

In the case of the Urchins, according to Koehler, Perrier saw too little ; while his two

hundred Comatula-sections have revealed more to him than has resulted from all the

observations of Ludwig, Teuscher, Greeff, and myself; and we, not Perrier, have seen

too little. His theory, however, breaks down comjiletely unless he can prove to the

satisfaction of his colleagues that the labial plexus and chambered organ of a Crinoid

are in direct communication wdth the exterior through the water-pores of the disk.

Unless these points can be properly demonstrated, the doctrine that the water-

vessels and intervisceral blood-vessels of a Crinoid are only parts of a "vaste systeme

aquifere " will have to be abandoned ; while it does not harmonise at all with the present

state of our knowledge of the morphology of the Echinozoa, except in so far as this is

based upon the observations of the French Zoologists.

1 Comptes renduii, t. xcviii. p. 1449.

2 Recherches sur I'Appareil circulatoire des Oursins, Archives d. Zool. exp&.,Yol. iv., 1875, pp. 605-643, pis. xxiii., xxiv.

3 Eecherches sur les Echinides des Cotes de Provence, he. cit., pp. 58-79.
* Quart. Journ. Micr. Sci., 1883, vol. xxiii., N. S., pp. 597-609.
6 Beitriige zur Auatomie der Asteriden, Zeitschr.f. wiss. Zool, Bd. xxx. pp. 99-131.
« Sur TAppareil circulatoire des EtoUes de Mer, Comptes rendui, 1882, t. xciv. pp. 658-660.



EEPORT ON THE CRINOIDEA. 407

There is strong reason to believe that the " ovoid gland " of an Urchin or Starfish

does not communicate with the exterior through the madreporite as described l)y

Perrier, while there can now be no question respecting its direct connection with what

has been generally described as the oral blood-vascular ring of these types. Koehler's

observations^ have demonstrated this connection in the Urchins, although it was

categorically denied by Perrier.'-^ It thus seems probable that although the " ovoid

gland " can no longer be described as a heart or even as a plexus of interlacing vessels,

)^et that it is a glandular structure interpolated in the blood-vascular system, and

possibly one of the factories of the weU known respiratory pigment of the Echinoderms.

The following remarks by WeUdon ^ are noteworthy in connection -ndth this subject :

—

"It is not too much to say that in every group of Invertebrates in which the vascular

system has been at aU carefully investigated, glandular appendages to the vessels have

been found, which can, from their anatomical relations, have no other function than that

of elaborating some of the constituents of the blood In Echinoderms, the

aliundance of glandular cells in the cardiac plexus is probably a principal cause of

the whole organ being regarded by many observers as an excretory apparatus."

NOTE G.

(Page 119.)

The Nervous System of the Crinoidea.

Since the section on the nervous system was wTitten {ante, pp. 111-127), the subject

has been still further discussed by various morphologists, most of whom, I am glad to

say, have adopted the views advanced therein, and have strengthened them very

considerably. As in so many other cases, it appears that the doctrine of the nervous

nature of the axial cords in the skeleton of a Crinoid is not of such recent growth as has

been supposed. For the following passage from von Schlotheim * would seem to show

that a nervous function was attributed to the contents of the central canal of the skeleton

more than sixty years ago :
—" Da die Encriniten aber sammtlich mit einer durch alle

Zweige laufenden Nervenrohre versehen sind, und das Thier wenn es gieich mit der

Wurzel angewachsen zu sein scheint, doch mit alien seinen festen Theilen beweglich

bleibt, so gehort er offenbar nicht zu der Coral!enarten, und macht nur ein merkwiir-

diges Verbindungsglied zwischen der Classe der Crustaceen und der Zoophyten aus.

A general, and, on the whole, tolerably accurate account of the morphology of living

Crinoids was published by Weinberg ^ in the course of last year (1883). It is principally

1 Op. cit, p. 6.5, pi. 3, fig. 13. 2 Archives Je Zool. ar.pA:, vol. iv., 1875, p. 613.

^ On the Heiul-Kidney of Bdellostoma, with a suggestiou as to the origin of the Suprarenal Bodies, Quart. Journ.

Mkr. Sci., vol. xxiv., 1884, X. S., pp. 180, 181.

* Die Petrefactenkunde, Gotha, 1820, p. 327.

•^ Die Morphologie der lebenden Crinoideen mit Beziehiing auf die Form Antedon rosacea, Linck, Der Natmhis-

loriker, 5 Jahrg. llarz-Jimi Heft, 1883, pp. 266-307.
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a summary of the researches of his predecessors, though he states that he has himself

made some observations on Antedon rosacea at the Zoological Station at Trieste. It was

perhaps not to be expected that he should have done otherwise than propagate the

orthodox German view respecting the nervous system. But the account which he gives

of the position in 1883 of the doctrine that the axial cords are nerves, is an extremely

inadequate one. He states (p. 283) that it has been proved to be incorrect by Greeff;

while a few pages further on (p. 290) he says that attempts have been made to support

it by the supposition {Annahne) that fine branches proceed from the axial cords to the

muscles and arm-segments—" Ludwdg und Greeff wiesen jedoch das Unzuliingliche und

Unrichtige der von Carpenter angefiihrten Argumente nach." He then refers to the

experiments performed by Dr. Carpenter, and leaves the question for further investiga-

tion.

Now, in the first place, the only comment which Greeff has made upon the doctrine

that the axial cords are nerves has been a simple denial of its truth, without any attempt

to discuss the subject at all ;
^ and yet this denial is referred to by Weinberg as a proof

of the doctrine being incorrect

!

Ludwig, on the other hand, admits that the experimental evidence seems to afford

very consideraljle support to Dr. Carpenter's view^s ; but he declines to accept them on

account of the morphological diflficulties which they involve. He has been unable to find

the muscular branches from the axial cords which have been described by Dr. Carpenter

and myself, and more recently Ijy Perrier, Marshall, and Jickeli. But this does not

justify Weinberg in stating that Ludwig has proved the arguments advanced by Dr.

Carpenter and myself to be insufficient and incorrect ; nor that the existence of these

branches is merely a supposition. The fact that they were overlooked, not only by

Teuscher and Greeff, but also by Lud\vig and Weinberg, even after I had specially

called attention to them, is no proof of their non-existence. Two figures of arm-

sections, showing these branches, together wdth a further discussion of the whole

question, were published in my paper' On the Minute Anatomy of the Brachiate

Echinoderms, which appeared tw^o years before Weinberg wrote his resume, but is not

referred to by him at all.

Another point of considerable interest in its bearings on this question is left entire!}^

unnoticed by Weinberg, though it was fully explained in a paper * which he quotes, and

it was illustrated by a diagram which also shows the branches of the axial cords ; although,

according to Weinberg, the existence of these branches is a mere supposition. I refer to

the frequent absence of the ambulacral nerve on more or fewer of the arms of Actino-

metra. Weinberg admits its absence on the oral pinnules of Antedon, for this was

1 Ueter den Bau der Crinoideen, Sitzungsb. d. GeSellsch. z. Beford. d. nesammt. Naturwiss. «u Marburg, Nro. 1,

1876, pp. 21, 22.

2 Crinoideen, loc. cit., p. 335. ^ Quart. Joum. Micr. Sci., 1881, vol. xxi., N. S., pp. 188-192.

* Eemarks on the Anatomy of the Arms of the Crinoids, part ii., Joum. Anat. and Phys., vol. xi., 1876, pp. 90-93.
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discovered by Ludwig, whose observations he could not very well overlook. But he does
not attempt to discuss the bearings of this fact on Ludwig's doctrine that the axial cords
are the only nerves in the arm of a Crinoid. He likewise describes the regular alternat-
ing movements of the arms of a swimming Comatula, and the muscles by which these
movements are effected

;
and he leaves it to be inferred that these muscles are under the

control of the only nervous system of which he admits the existence, although experi-
ments have clearly proved that this is not the case ; while Ludwig has admitted that he
could trace no branches proceeding to the muscles from the ambulacral nerve. As to
this last point, however, Weinberg is altogether silent.

Until this present year no German morphologist, wath the exception of Weinberg,
had published any observations upon the Crinoids since the appearance of Ludw^'s
important w^ork in 1877 ; and the authors of zoological text-books published in Germany
have confined themselves w4th remarkable unanimity to reproducing Ludwio-'s asser-

tions that the nervous system of a Crinoid is essentially similar to that of an Asterid,

and is limited to the fibrillar bands beneath the ambulacra. Dr. Carpenter's views, if

mentioned at all, which was rare, were regarded as untenable from their l^eing altogether
at variance with the established scheme of Echinoderm morphology. Claus, for example,
describes the arrangement of the axial cords in the calyx in some detail, but says not a
word about their functions

; while their presence is not even mentioned by Gegenbaur.
According to these writers, therefore, the nervous system of a complex and highly
specialised type like Pentacrinvs is exclusively represented by the subepithelial bands of

the ambulacra and the oral ring which unites them beneath the peristome (PI. LXIL, n,nr).

The extreme insignificance of these structures in comparison with the rest of the organism
cannot fail to strike any one who examines the sections of the ambulacra represented on
PI. LVIL; and yet, according to the orthodox German morphology, they are the only
nerves which a Crinoid possesses.

The theory that the axial cords are nerves has recently been restated by Dr.

Carpenter,' with the additional support of a quantity of new facts which had been
discovered since he last wrote on the subject, more than eight years ago. He concluded
by saymg, " those w^ho refuse to accept them (my ^^ews) are bound, I think, either to

disprove the facts, or to show that my deductions from them are unsound."

Within a very short time after the presentation of this communication to the Eoyal
Society, two papers were published on the nervous system of the Crinoids, in which
Dr. Carpenter's theory was unreservedly adopted and strengthened by a large body of

additional evidence.

The second of these, by Professor A. Milnes Marshall,^ will be best considered first.

After a short historical sketch of the suliject, he describes an elaborate series of experi-

1 On the Nervous System of the Crinoidea, Proc. Roy. Soc. Land., vol. xxxvii., ] 884, pp. 67-76.
2 On the Nervous System of Antedon rosaceus, Quart. Joum. Micr. Sci., vol. xxiv., N. S., 1884, pp. 507-548, pi. xxxv.

(ZOOL. CHALL. EXP. PART XXXll.— 1884.) li 52
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ments which have led him to the following conclusions :
—

" 1. The central capsule and

its prolongations, the axial cords and their branches, constitute the main nervous system

of Antedon. 2. The central capsule is specially connected with the complex co-ordinated

movements of swimming and of righting when inverted. 3. The axial cords act as both

afferent and efferent nerves. 4. The subepithelial liands are probably also nerves, but

their exact function, probalaly a special and subordinate one in connection with the

ambulacral tentacles and epithelium, is not yet ascertained."

These conclusions are the result of a long series of experimental investigations, in

which Dr. Carpenter's fundamental observations were repeated, and largely extended.

Marshall's paper concludes \dt\\ a valuable discussion of the moq^hological aspect of

his results. Starting from the generally accepted doctrine that the Asterids are the most

primitive group of the Echinoderms, he shows how this character is well illustrated by

their nervous system. Hamann's observations have demonstrated that this " is in the form

of a continuous nerve-sheath enclosing the whole body, and directly continuous with the

external eijidermis of which it forms the deepest layer. This nerve-sheath is thickened

at certain places, notably along the ambulacral grooves, where it forms the five radial or

ambulacral nerves." Marshall points out that the analogies of the Coelenterates,

Chsetognatha, and Palseonemertines all tend to show the primitive nature of the Asterid

nervous system.' There is no difficulty about the relation of the nervous system of the

remaining Echinozoa to that of the Asterids ; but the case is different with the Crinoids,

on account of the antambulacral position of their principal nerve centre and its radiating

extensions. Marshall, however, is inclined to consider them as " descended from forms

which agreed with the recent Asterids in possessing a complete nerve-sheath (though

possibly very unlike Asterids in other respects) ;" and he is therefore " disposed to regard

the antambulacral nervous system of a Crinoid, i.e., the central capsule and axial cords

with their branches, as being derived from the antambulacral part of the primitive nerve-

sheath, and not as an entirely new set of structures possessed by no other Echinoderms."

He endeavours to show that the relations of the axial cords which lie in grooves on

the surface of the radials of the Pentacrinoid larva (a permanent condition in some

Palaeocriuoids) are " very similar to those of the ambulacral nerves of an adult Ophiurid

or Echinid, and as the latter have certainly accpiired their adult condition by becoming

detached from the epidermis and shifting inwards, so also may the same process be

supposed to have occurred in the Crinoid." Too much weight must not be laid upon

this point, however, for the supposed inward movement of the radial nerves of an

Ophiurid or Echinid would be from the outer or ambulacral surface of the plate towards

the inner one, i.e., that next to the body-ca%dty.

On the other hand, in the developing Crinoidal calyx the axial cords are at first on the

walls of the body-cavity, which are formed by the inner surfaces of the radials ; but they

1 Compare Chapter VI. pp. 113, 115.



REPORT ON THE CRINOIDEA. 411

gradually come to lie iu canals within the radials, and so are relatively (though of course

not absolutely) nearer the epidermis on the exterior of the hody, which iu this case is

antambulacral.

The ontogenetic change in the relative position of the axial cords of a Crinoid is thus

directly the opposite of that which Marshall supposes to have taken place phylo-

genetically. On his theory the antambulacral portion of the primitive nerve-sheath

should commence by being outside the radials, between them and the epidermis

;

whereas, as he himself admits, the radials are at first in the form of " calcareous plates

between the cords and the integument." His argument is, therefore, only one of analogy,

and the outward movement of the axial cords in the Crinoid larva is not comparable

morphologically to the inward movement, which must have taken place during the develop-

ment of the radial nerve of an Urchin from the primitive nerve-sheath of a Starfish.

It appears to me, however, that there is a possible view of the phylogeny of the

axial cords which would not conflict in this way with their ontogenetic movement.

According to Gotte's observations, the cHiated ambulacral epithelium of the Criuoids is

derived from the cellular lining of the left peritoneal sac
;

' so that the ambulacral nerve,

which is in such close relation with this epithelium, is endodermic in its origin. On the

other hand, the axial cords of a larval Crinoid lie in the walls of the dorsal portion of the

body-cavity, which is lined by an epithelium derived from that of the right peritoneal

sac ; and I would therefore suggest that the embryonic axial cords might have the same

primitive relation to this epithelium as the ambulacral nerves must have to that of the

left peritoneal sac, if Gotte's observations be correct. The outward movement of the

cords during development, away from the epithelium of the body-cavity, would then be,

so to speak, serially homologous mth the supposed inward movement of the ambulacral

nerves of an Urchin. In other words, the axial cords are the nerves of the right

antimer, while the subepithelial bands of the ambulacra are those of the left antimer,

both being derived in the first instance from the epithelium of the enterocoel.

In the Neocrinoids the axial cords eventually come to be some Little distance from

this epithelium ; though they must have remained close to it in those Palseocrinoids

which had imperforate radials, just as they are in the Pentacrinoid larva. A variation of

the same nature, though of course altogether difi'erent in degree, presents itself in the

relation of the ambulacral nerve in certain species of Neocrinoids. I refer to the presence

or absence of a delicate connective tissue lamella between the nerve and the overlying

epithelium. This layer is often very conspicuous in Antedon eschrichti, but occasionally

seems to be aljsent ; while its presence in Antedon rosacea is doubtful. I have never

satisfied myself of its existence in any other species, though Ludwig and Marshall

seem to quote me as having noted its occurrence in Actinometra. Ludwig- long ago

Archiv. f. mikrosk. Anat., Bd. xii. pp. 591-59.3.

- Beitriige zur Anatomie der Crinoideen, Nnchricht. v. d. hjl. Gesellsch. d. JViss. zu Gdttingen, No. 5, 1876, p. 108.
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suo-o-ested that the great development and calcification of this lamella would bring

the ambulacral nerve into a position corresponding to that of the radial nerve-cords

of Ophiurids and Echinids. Marshall^ has recently put forward a somewhat similar

hypothesis, viz., that this lamella "probably represents the earliest stage in the

process by which the nerve becomes detached from the epidermis and shifted inwards."

We know far too little, however, about the ontogeny of the Echinoderm nervous

system to do more than speculate on this subject. According to Selenka and

Ludwig the nervous system of Asterids and Holothurids is of ectodermic origin ; while

Gotte's observations lead to the conclusion that the ambulacral nerves of Crinoids are

derived from the endoderm. Should this really be the case, there can be no difficulty in

taking the same view respecting the axial cords.* But even then we get no clue to the

morphology of the central capsule, as Marshall has conveniently called the fibrillar

envelope of the chambered organ in which the axial cords originate.

He remarks^ that " Dr Carpenter's observations lead to the befief that, at any rate in

its present form, it is connected with the change from the pedunculate to the free-

swimming condition ; and it is worthy of notice that the two actions with which it has

been found to be specially concerned physiologically, i.e., the movements of swimming

and of righting, are ones that the pedunculate form, from the very nature of things, can

never exercise."

I cannot quite share Marshall's belief in the relation between the central capsule and

the change from the attached to the free mode of life. The only difference between the

chambered organ of a Comatula and that of a Stalked Crinoid is the absence of any

cirrus-vessels in connection with the latter ; for these come off from the peripheral vessels

of the stem (PI. XXIV. fig. 4 ; PI. LXII.

—

cv), which are the downward extensions of the

cavities of the chambered organ. But the central capsule or fibrillar envelope of these

cavities, which in Comatula " is specially connected with the complex co-ordinated move-

ments of swimming and of righting when inverted," is equally present in all the Stalked

Crinoids (PI. Vllb. fig. 2; PI. XXIV. figs. 6, 7; PL LVIII. figs. 1, 3 ; PL LXIL); and

there can be no doubt that it controls the movements of flexion and extension of the arms.

The latter of these is essential to the j^roper nutrition of the animal; and I can quite

believe that the arms may also be used for swimming by those Peutacrinidse, such as

Pentacrimis maclearanus, Pentacrinus alternicirrus, and Pentacrinus tvyvtlle-thomsom,

which have short stems terminating below at a nodal joint (PL XVI. fig. 1 ; PL XIX. fig. 1).

In aU the Stalked Crinoids the central capsule is continued downwards into the stem as a

sheath around the central vascular axis (PL Vila. figs. 1, 2 ; PL XXIV. figs. 1-6
;

PL LXII.

—

ca), audit gives ofi" branches which spread out tow^ards the surface of the stem,

1 Loc. cii., p. 546.

2 Whatever be the origin of these conls, they are essentially mesodermic in their distribution ; and it is in this sense

that I have spoken of them in the text as constituting a mesodermic nervous system (p. 114).

3 Loc. cit, p. 547.
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and probably form a subepidermic plexus (PI. Vila. fig. 1 ; PI. XXIV. fig. 2

—

ca').

Extensions of it also proceed into the cirri round the cirrus-vessels (PI. LXIL, cv), and

give off similar radiating branches. Jickeli's observations on Antedon rosacea show that

the movements of the cirri, like those of the arms, are dependent upon an influence pro-

ceeding from their axial cords ;
^ and it is clear that if the central capsule and axial cords

of Comatula constitute its principal nervous system (as few will now deny), this must be

regarded as also extending throughout the whole stem of a Stalked Crinoid, even though

it reach 70 feet in length, as in the fossil Extracrinus suhangularis.

It may also be assumed with tolerable certainty that there was a similar neuro-

vascular axis in the stem of all the fossil Pelmatozoa, including the Blastoids. These had

no arms attached to the radials, as a Crinoid has. But if they had the same arrange-

ment of axial cords in the basals and radials as prevail in a Crinoid, which I see no reason

to doubt, it is unlikely that the radial cords, starting from the circular commissure

(fig. 20, A) should have ended in the forks of the radials which receive the distal ends of

the ambulacra. In the Mesozoic Phyllocrinus the radials have almost exactly the same

forked shape as those of a Pentremites ; but the point where the limbs of each fork

separate is marked by an articular fiicet to which the arm was attached.

In a Blastoid, however, the sinus between the two limbs of the radial is filled up by

the ambulacrum, which terminates in a more or less prominent lip at the same point in

the body of the radial as is occupied by the articular facet in

Phyllocrinus. That the axial cord in. the radial of a Pentremites

(fig. 20, A) ended in this lip seems to me improbable ; and I

cannot help suspecting that it may here have become continuous

with the nerve of the ambulacrum. From what we know of the

ambulacral nerves of recent Crinoids, this is not likely per se to

have been related to any other movements but those of the

tentacles, even if these organs were present ; while it may

perhaps have been removed from the superficial epithelium, as

in an Urchin, and lodged within one of the canals in the lancet

plate. This would have brought it deep enough to be continuous

with the axial cord of the radial at the termination of the

ambulacrum. The movements of the so called pinnules of the

Blastoid would thus have been controlled by the central capsule,

instead of by the oral ring, which is not likely to have had

anything to do with them ; for the oral ring of a recent Crinoid

has absolutely no control over the movements of any part of the

calcareous skeleton; and the jointed pinnules of a Blastoid cannot have remained

permanently closed over the ambulacra, as they are found in the fossils (fig. 20).

1 See the quotation from Agassiz, ante, p. 333.

Flo. 20.—Diagram showing the

arrangement of the axial cords

in the calyx of a I'enlremites,

supposing it to be the same as

in the calyx of a Crinoid. The
pinnules are represented as

preserved on one ambulaciuni,

but not on the other. ^, axial

cord of the ray; ai, primary

interradial cord ; ar, one of the

converging radial cotds which
result from its bifurcation;

B, basal; ceo, circular com-

missure ; /, interradial plate

(deltoid of Roemer) ; R, radial.
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Loven has recently pointed out the singularly Crinoidal appearance of the calycinal

system of a Triassic Urchin, Tiarechinus princejjs, Laube.^ " The relative magnitude of

the entire system, the prominent share it takes among the constituents of the skeleton,

the forms and proportions of its parts, are such as forcibly to recall the calyx of some

Pala3ocrinoid, and to justify a desire to turn the Echinoid upside down and to see the

calycinal system in its imaginary original position, when it

F^^^^^\fT^^^^^\ formed a part of some remote ancestral type. In this respect

r^M \ the resemlilance becomes stUl more striking."

^ ^® /
L^*' ^^ compare Lov^n's figure (fig. 21) with that of the

^^ I
Blastoid (fig. 20). Each has relatively large basals (B) ; Ijut

\^-\bX^ ^^bYj the radials of the Pentremite (7?) are small in Tiayechimis,

N ^>( yy their limbs being replaced by the two lateral ]Dlates of the^ II^^ interradius {%) which enclose the ambulacrum. In Tiare-

" "
^ , chinus, iust as in the Blastoid, however, the ambulacrum ends

Fig. 21.— Tiarechinus 2»'inceps, Laube,
_

"'

inverted so as to show the resemblance agaiust the bodv of the Corresponding radial : and its nerve,
of its apical system to the caly.x of a o •' r o ' >

kttm*' Jur^LovIn) ^"b °basd! ^J^^g bcueath the ambulacral plates as in recent Echini,

4t1rraaia?sf^?radiai!''^''''

''"'''*''''' would be in a position where it could be directly continuous

with an axial cord situated within the radial or on its inner

face, if only Tiarechinus were a Crinoid instead of an Urchin. I would not, of course,

be understood as saying that Tiarechinus had a central capsule and axial cords pro-

ceedino- from it. My only object has been to point out that Loven's happy comparison

of this curious t5rpe with an inverted Crinoid affects other systems of organs besides that

of the ealycular plates. At the same time, considering the number of Asterids which

have a calyx of relatively large plates, and the fact that there is a continuous nerve

sheath on the dorsal surface, I think it not improbable that indications of a central

capsule and axial cords may eventually be discovered in the Echinozoa.

It remains now to notice the observations of Dr. Jickeli, which, though only published

recently, are nearly four years old.^ Like Marshall he has made an elaborate series of

experiments in extension and confirmation of those originally descrijjed liy Dr. Carpenter,

whose views respecting the nervous nature of the central capsule and axial cords he

adopts unreservedly. He further believes that the fibrillar bundles uniting the cirrus-

joints and those forming the dorsal and interarticular ligaments (as they are described

above) in the arms (PI. LXIL, Id, li) are muscular in function, though differing in many

points from the fibres which have hitherto been exclusively described as muscles

(PL LXIL, m); for when the axial cord of a detached cirrus is stimulated " so kriimmt

sich derselbe auf das Heftigste zusammen und gerath selbst in Tetanus." ^

1 On Pourtalesia, loc. cit., p. 65.

2 Vorliiufige Mittheilungen liber den Ban der Eehinodermen, ] , Ueber das Nervensysteni und die Sinnesorgane

der Comatula mediterranea, Zool. Anzdger, vii. Jahrg., pp. 346-349 and 366-370, 1884.

^ Zool. Anzeiger, vol. vii., 1884, p. 348.

i
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This seems to indicate clearly that the interarticular fibres of the cirri are muscular
in function, though not striated like the ventral fibres which unite the arm-joints, and
have hitherto been regarded as the only true muscles of the Crinoid organisation.

Four years ago I pointed out that the appearance of some of my sections had led me
to thmk that the axial cord of the arm consisted of two lateral filjrillar masses enclosing
a central structure.' According to JickeliHhis last is a longitudinal septum between
two tubes which contain blood-corpuscles; while the whole structure is enclosed in
a sheath of nervous tissue. Within the calyx the tubes of the difi-erent rays unite
lateraUy and " gehen durch eben seiche das gekammerte Organ theUweise bedeckende
Fortsatze in ein spongioses Geflecht liber, welches dem gekammerten Organ wie eine
Kiippe aufsitzt. Von diesem spongiosen Geflecht entspringen die Fortsetzungen in die
Cii-rhen. Die Wandung dieses Eohrensystems ist die nervose Substanz, die Masse,
welche dasselbe erfiiUt, besteht aus geronnenem Plasma, in welches BlutzeUen einge-
backen sind." It does not appear, however, that these axial blood-tubes are in any
way connected with the cavities of the chambered organ. Jickeli points out that
his observations confirm the statements of MiiUer ' respecting the presence of a blood-
vessel within the central canal of the arms, which subsequent workers have generally
considered to be erroneous. He finds that the elements of the nerve sheath surrounding
these blood-vessels are most easily demonstrated in the radial axillaries where the axial
cords of two arms unite, and he describes the presence of ganghonic ceUs with from two to
six processes, some of which unite with those of other cells. He has also seen the
muscular branches of the axial cords, the existence of which, according to Weinberg, is

only a supposition
;
and by the use of polarised light he has traced these into the dorsal

as well as into the ventral musculature.

He doubts the presence of a definite oral ring in the ambulacral nervous system.
For he finds that the ventral nerves extend down into the fore-gut beneath its

epithelmm, which is directly continuous with that lining the food-grooves. The appear-
ance of several of my sections, both of Pentacrinus and of Comatula, has led me to
suspect this fact

;
but I have hesitated to say so, as I wished to verify it by making

some sections of individuals which had been properly prepared for histological work.
This having been done by Jickeli, I am glad to be able to confirm his observations.

He believes himself to have discovered yet another nervous structure in the Crinoid
organisation, "esist noch eindrittes bis dahin nicht bekanntes, im Bindegewebe gelagertes

Nervencentrum vorhanden, welches die Mundofthung umgibt, und die radialen Wasser-
gefasse jederseits als ein gesonderter, an die Tentakeln in regelmassigen Abstanden
Zweige abgebender Strang begleitet."* The peripheral parts of this system appear to me
to belong to what I have called the parambulacral network, situated in the ventral

' Quart. Journ. Micr. Sci., 1881, vol. xxii., N. S., p. 187. 2 Zool. A^miger, vol. vii. p. 368, 1884.
3 Bau der Pentacriuus, loc. cit., p. 22. 4 Zool. Anzeujer, vol. vii. p. 370, 1884.
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perisome of the arms and disk. Jickeli says, for example, " von diesem dritten Nerven-

centrum gehen auch starke Zweige in die ventrale Korperhaut und losen sicli dort in feine

nervose Geiiechte auf."' It will be strange indeed if these prove to be anything else

than the ramifications of the ventral branches of the axial cords of the arms which I

described long ago as extending to the edges of the food-groove (see fig. 4, p. 113 ; fig. 5,

p. 121 ; and fig. 8, p. 123). I cannot say, however, that I have ever seen the pentagonal

rino- round the mouth which Jickeli mentions, nor even its radial extensions at the sides

of the water-vessels ; unless indeed these last be the lateral trunks which I have described

above in Actinometra nigra, from sections now nearly nine years old (p. 122).

The branches of Jickeli's third nervous system which break up into a plexus in the

ventral perisome appear to me to be identical with those which I described two years ago

as extending along the sides of the ambulacra of Antedon eschrichti from the edge of the

disk to the neighbourhood of the mouth." A diagrammatic representation of them is

given on p. 123, while illustrations of single sections, both of this species and oi Penta-

crinus decorus, are shown on PL LIX. figs. 2-7. These branches are unquestionably of

the same nature as those occupying a similar position in the arms (PL LX. fig. 6, a'), and

belong like them to the system of the central capsule and axial cords, with which last

they are connected at the edge of the disk. But at the same time I fully believe that

they are the peripheral portions of the third nervous system described by Jickeli. The

so caUed papillae of the tentacles have also attracted his attention, and he regards them

as sense-organs of a somewhat complicated nature, supporting fine sensory hairs. He

thus inclines to Perrier's view of the nature of these papillae rather than to that of

Ludwig, who regards them as glandular organs. Jickeli, however, describes them as being

innervated by the branches of his third nerve-centre ; while according to Perrier ' they

receive nerve-fibres from the ventral branches of the axial cords, which form what I have

called the parambulacral network. But if I am right in identifjang this with the

peripheral part of Jickeli's third nervous system, his observations are completely in

Accordance with those of Perrier.

1 Zool. Anzeiger, vol. vii. p. 369, 1884. - Qiuirt. Journ. Micr. ScL, 1883, vol. x.xiii., K. S., p. 615.

' Comptes renins, t. xcvii. p. 188.
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The following list does uot preteud to be a complete Bibliography of the Ncocrinoidea,

i.e., to give a reference to every description of a fossil Crinoid which has appeared in the

countless publications upon the Palseontolog}" of the Secondary and Tertiary Periods.

Neither is it meant to include every notice of a recent Crinoid in faunal and other lists.

The numerous controversial references to fossil forms in epistolary communications to

the Neucs Jahrbuch by von Buch, von Meyer, and others are also mostly omitted,

and must be sought for in the excellent Bibliography of de Koninck and le Hon.

But I have endeavoured to make the accompanying list complete for the tw

Ibllowing classes of works :—(1) all those containing descriptions of new species of recent

Crinoids
; (2) all those which, though dealing principally with Pala;ocrinoids or with

other Echinoderms, contain valuable information upon the Morphology of the Crinoids

generally. The literature of the Pelmatozoa has increased at a very rapid rate since the

[)ublication of the admirable Bibliography by de Koninck and le Hon in 1854, which

contained a chronological list of nearly all the earlier works on the subject.^ We may

hope ere long for a sujjplement to this as regards the Palseocrinoids from Messrs. Wach-

smuth and Springer ; and I trust in the course of time to be able to complete the

following list by the addition of references to works on general palaeontology whicli

contain notices of Neocrinoids.
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vol. v., 1800, pp. 7-13, Tab. ii.
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Selections from Embryological Monographs. II. Echinodermata. Mem. Mus. Comp. Zo'uL, vol. ix.,

No. 2, 1883, 45 pp., 15 pis. Bibliography in Bull. Mus. Comp. Zool, vol x.. No. 2, 1882, pp. 109-131.

1 I have come across a few morphological papers which are not noticed hy de Koninck and le Ilmi, and have

recorded them in the following list.

(zool. CHALL. EXP.—PART XXXII.— 1884.) Ii '"'^
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The following short notices of recent Crinoids seem worth quoting in extenso.

have, unfortunately, no further knowledge of any of the t}^es to which they relate.

" Une espece nouvelle d'Encrine vivante a ^t6 d^couverte par le T6v(5rend C. Pleydell a Newcastle sur la

riviere Hunter, dans la Nouvelle Hollando ; I'auteur propose de lui donner le nom A'Encrinus aiistralis. Elle

n'a pas de colonne vertebrale, mais le corps de I'animal a environ un cinquieme de pouce de long, et est terming

dans cette direction par une base circulaire. A I'extremite opposce du corps sont attache cinq appendices

claviculaires." Ulnditut, 1845, p. 292.

Is this a Crinoid at all ?

IL

" Professor Sigmund Schnltze aus Greifswald zeigte einen nouen Pcvfacrinus, weleher ihm von Amboina
iibersandt ist, in Abbildungen vor und sprach iiber die drei Arten, weleher cr in dieser scltenen, bisher nur in
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siebea Exemplaron bekanntea Thiergattung untersoheidet ; der Pentacrinus Guettardi, der Pentacrvnus capul-

MeduSiB und der Pentacrinus. Arndtii." Bericht ii. d. Versariiml. deutsch. Naturf. in Karlsruhe, 1858, p. 293.

Two new species, Pentacrinus guettardi and Pentacrinus arndtii, are mentioned here, but notliing is said

as to which came fromAmboina, nor as to the nature of the other. The AmboLna specimen was probably

a Metacrinu-;

III.

" I learn from a correspondent at -Melbourne, Mr. J. S. Poore, that during his visit to King George's

Sound, Western Australia, he there dredged up from 8 fathoms a living Encrinite. The stem, which was

attached to a stone, was about 6 inches long ; the arms about
1 J inch, of a beautiful rose-colour or pink, fading

to white." Sir. R. Owen in Ann. and Maij. Nat. Hist., ser. 3, voL ix., 1862, p. 486.

This may jjerhaps have been a Pentacrinoid larva, but if so, it was of most unusual size. Further informa-

tion about it from Australian naturalists would be most valuable.
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The fit^ures in dark type indicate the page on which the genus or species is first described.

Abactinal side, 157, 158, 171.

Abactinal system, 156, 169, 172.

Actinal side, 156, 158, 171, 179.

Actinal system, 156, 169, 172, 178.

ActinocrinidK, 61, 62, 86, 149, 158, 164-181.

Actin<,crim,<:, 62-66, 156-158, 164-166, 169, 172,

177-180, 182, 183, 185, 192, 394.

rugosiis, 75.

vemetiilianus, 165.

Actinoidea, 186, 187, 190.

Actinometra, 33, 36, 59, 68, 74, 78, 85, 93, 95, 97,

102, 104, 111, 115, 121-123, 127,

143, 153, 154, 284, 291, 337, 377,

381-385, 411 ; arms of, 55-57, 60,

69, 70 ; digestive tube of, 91, 92

;

disk of, 69, 70, 85
;
geographical and

bathymetrical distribution of, 136-

141 ; mouth of, 69, 403
;
plexiform

gland of, 103, 104.

bennetti, 55, 127, 337.

disdmilis, 110, 111.

fimhriata, 52.

'jukesi, 67, 69, 85, 91, 130, 132, 133,

319, 337 (FL Iv. fig. 1).

loveni, 132.

magiiifica, 57, 69, 91, 113 (PI. Ivi.

fig. 7).

meridioiialis, 280, 33/.

multiradiata, 49, 52, 337.

nigra, 96, 110,"^ 120-122, 124, 416

(PI. Ixi. fig. 6).

nohUi8,bb,bl, 69,110, HI.

novce-guinece, 49.

parvicm-a, 50, 52, 57, 67, 102, 103,

107, 120, 121, 124, 133, 283, 337,

(PI. Ixi. figi 2-5).

Actinometra pulchella, 91, 103, 104, 109, 137, 337

(PI. Ix. fig. 1 ; PL Ixi. fig. 1).

robusta, 144.

grldegeli, 55.

Solaris, 10, 49, 51, 52, 58, 91, 280.

steUata, 132, 319.

stdUgera, 69, 70, 337 (PL Ivi. fig. 8).

strata, 60, 67, 69, 85, 86, 129, 130, l;!;!

(PL liv. figs. 10, 11; Pl.lv. fig. 2).

trachijgastfT, 127.

typica, 4, 10, 49, 51, 52, 337.

Actinozoa, 193.,

Agassizocrinus, 132, 153, 213, 217, 319.

Agelacrinidae, 194.

Agelacrinoidea, 192.

Agelacrimis, 85, 192.

AUagecriinis, 146, 147, 152, 158, 159, 169, 213.

anstini, 37.

Ambulacra, 56, 57, 68-70, 78-85, 93, 127, 179-181
;

of Comatulte, 83-85 ; of Metacrinus, 81, 82

;

of Pentacrinus, 78-80 ; subtegminal ambulacra

of Palaeocrinoids, 164, 179.

Ambulacral epithelium, 59, 93, 112, 11.3, 415.

Ambulacral groove ; see Ambulacra and Food-groove.

Ambulacral nerve, 59, 70, 93, 96, 111-115, 118, 120,

408-416 ; of Antedon eschrichti, 112, 118, 411
;

of the Blastoidea, 413.

Ambidacral plates, 55, 63, 65, 74-85, 165, 174-181,

184.

Autphiura, 395, 396.

Anal appendage, 41-46, 371, 372.

Anal plate, 38, 73.

Anal series, 45, 372.

Anal tube, 69, 70, 81, 89.

Anambulacral plates, 57, 62, 76-78, 80--86,'.165, 180,

184.
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Anchylosis, 3, 37.

Ancyroeriims, 19.

Antcdon, 33, 36, 57, 68, 74, 94, 127, 129, 143, 144,

154, 237, 249, 268, 291, 376-385, 402-

404 ; ambulacra of, 83-85 ; digestive tube

of, 88, 89 ; disk of, 68, 84, 85 ;
geographi-

cal and bathymetrical distribution of, 136-

141; labial plexus of, 97-100, 404-407;

plexiform gland of, 101, 102, 235.

acoela, 57, 83, 84, 93, 109, 110, 113, 128

(PI. liv. figs. 1-4 ; PI. Iv. fig. 5).

angusticalyx, 57, 83, 84, 93, 109, 110, 113,

128, 135 (PI. liv. tig. 5 ; Pi. Iv. fig. 6).

antardiea, 92, 98.

hasicurva, 84 (PI. liv. fig. 9 ; PI. Iv. fig. 7).

campichei, 144.

carinata, 98, 109, 124, 130, 137, 235 (PI. Ix.

fig. 2).

dmtata, 36, 130, 137.

eschrichti, 10, 52, 5.5, 62, 67, 78, 83, 88, 90,

92, 93, 95-102, 109, HI, 112, 114, 118,

120, 122-124, 133, 137, 144, 153, 208-

210, 319; ambulacral nerve of, 112, 118,

411
;
parambulacral network of, 123, 124,

416 ; radial blood-vessels of, 96 ; spongy

organ of, 98, 99 (PI. lix. figs. 6, 7 ; PI. Ix.

figs. 3-6).

fiiduans, 280.

hageni, 36.

inaequalis, 83 (PI. liv. Gg. 8).

incerta, 57, 83 (Pi. liv. figs. 6, 7).

lusitanica, 315.

milleri, 73.

viultiradiata, 84, 85 (PI. Iv. figs. 3, 4).

phalangium, 10, 36, 130, 318.

'proteda, 58.

quadrata, 98, 99.

rhodanicus, 144.

rosacea, 49, 50, 52, 58, 67, 70, 86, 88, 93,

95-98, 100-102, 104, 107-112, 118, 120,

122, 124, 125, 127, 129, 130, 133, 134,

280, 304, 404, 411, 413 ; anal plate of, 73

;

calyx interradials of, 39
;
genital glands of,

109 ; labial plexus of, 98 ;
plexiform gland

of, 102, 104; spongy organ of, 100 (P). Ivi.

fig. 6 ; PI. Hx. tig. 5).

scrohiculata, 336.

spinifera, 277.

Antedonin, 129.

Anthodiata, 186, 190, 191.

Apical dome plates, 157, 1G7, 168; of Actinocrinida?,

164, 167; of the Blastoidea, 164, 173; of

Gyathocrinidie, 164, 172; of GJyptocrinus, 184;

of Ichthyocrinidfe, 181, 183; oi Periediocrinm,

171, 172; of Platycrinidse, 164, 175-178; of

Rhodocriuidas, 164; ot Strntocrinns, 171, 172.

Apical system, 2, 157, 172, 393-402.

ApiocrinidK, 32, 48, 54, 142, 183, 222, 225, 247,

286.

Apiocrinites, 245.

Apweriims, 8, 11, 2.5, 42, 49, 53, 68, 76, 125, 126,

135, 14.5-147, 150, 153, 154, 181, 183,

211, 223, 230, 249, 256, 270, 276, 289,

293, 340.

consfridits, 24, 257.

cormitus, 258.

crassus, 256.

insignis, 9.

magnificus, 256.

martini, 39.

milleri, 215.

murclmonianus, 256.

parkinsoni, 9, 131, 150.

roisnyanus, 39, 149, 150, 183, 215.

iVrm-groove, 64, 65, 77-83.

Arms, 47-56, 154, 194; of .^rf/none^ra, 55-57, 60, 69,

70 ; of Bathycrinus, 232, 233, 236 ; of Crinoids

and Cystids compared, 189 ; oi Extraerinus, 59-

61, 224, 277, 278 ; of Holopus, 207-209 ; of

Hyocrinus, bii, 53, 219, 224; of Pentacrinida',

55, 56, 154, 155, 277, 278, 284-287; of Rhizo-

crinus, 52-54, 64, 65, 267.

Article basal of Apiocrinus and Bourgueticrinus, 3,

25, 153, 257.

Articulata, 145, 182, 19.5, 196.

Articulation, bifascial, 8, 53, 231, 280, 304, 326,

329,330; muscular, 9-11, 146, 194; trifascial,

8, 9, 53, 231-23.3.

Asterencrinidea, 187.

Asterias, 245, 395, 396, 399, 400.

Astrocrinidae, 194.

Astroerinus, 132.

Atelecrinus, 34, 36, 56, 58, 68, 127, 137, 138, 140,

141, 144, 291, 292, 294, 371.

halanoides, 376, 380.

cubensis, 379.
"

Axial cords of rays and arms, 31, 114-127, 146, 407-

416; of BafJiycrinus, 31, 119, 236; of IMo-
piis, 119, 209, 236; of Pentamnus, 124, 126,

293, 294; of Rh zocrinus, 119, 126, 252, 253.
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Axillary, 9, 10, 33, 48, 58-61, 90, 125 ; of Eadesi-

crmus, 215 ; of Holopus, 201-206.

Avicula, 134, 369.

UalanocrimiK, 143, 270-272, 287.

narycrinus, 54, 61, 3G3.

lierade'is, 61, 224.

Basals, 2, 3, 33-39, 71, 73, 106, 124-126, 157, 158,

168-172, 363, 393-399, 402, 403; oi Bathtj-

ainus, 37, 226-228; of Comatulae, 34-36,

251, 284,' 402, 403; of Pentacrinus, 34, 35,

282-284, 293, 336 ; of BJitocrinus, 36,

248-253; of Thaumatocriuus, 34, 36, 371.

liasalliformes, 296.

Bathycrinus, 38, 48, 54, 56, 58, 62, 91, 104, 117, 127,

143, 213, 214, 222, 223, 225, 226-238,

243, 248, 252, 254-256, 289-292,

386, 388, 391, 392; arms of, 232,

233, 236; axial cords of, 31, 119,

236; basals of, 37, 226-228; chambered

ojgan of, 34, 107, 235 ; covering plates

of, 74, 234; digestive tube of, 33, 89, 90,

236 ; disk of, 234, 235
;
genital glands

of, 109; geographical and bathymetrical

range of, 136-140, 391, 392; nerves in

stem of, 31, 119; pinnules of, 23.3,

234; plexiforni gland of, 89, 90, 101,

235
;
primary interradial coeds of, 126,

228-230; radials of, 3, 37, 230', 231
;

stem of, 23, 24, 26-28, 226 ; trifascial

articulations of, 8, 9, 53, 231-233;

stem of, 23, 24, 26-28, 226; vascular

axis in stem of, 107, 235 ; visceral mass

of, 33, 90, 234; water-tubes of, 93, 236.

ahlricManug, 8, 10, 31, 37, 71, 119, 120,

130, 134, 22i5-235, 237-240, 241,

242, 243, 244, 376, 386, 389, 391

(PI. vii.; PL viia. figs. 1-21 ; PI. viib.
;

PL viiia. figs. 4, 5).

ca7npbellianus, 227, 232, 233, 235, 237,

238, 239, 240, 242, 376, 386, 389,

391 (PL viia. figs, 22, 23; PL viii.).

carpenteri, 8, 71, 226, 227, 231-234,

237, 244, 386, 389, 391.

Omcil!^, 71, 227, 231, 232, 235, 237, 238,

243, 244, 245, 374, 386, 389-391

(PL viiia. figs. 1-3).

I'-athymetrical range of Crinoids, 137, 138.

Belemnocrinus, 38, 151, 217, 258, 259.

forifcr, 259, 270, 363.

2>ourtalesi, 259.

(ZOOL. CHALL. EXP.—PART XXXII. 1884.)

Blastactinota, 190.

Blastoidea, 54, 68, 75, 109, 132, 148, 149, 154, 164,

173, 175, 186, 188-195, 413, 414.

r.lood-vascular ring, 1, 96, 105, 106, 407.

Blood-vascular system, 96-109, 405-407.

Blood-vessel, intervisceral, 87, 97-105, 405, 406

;

radial, 1, 59, 70, 92, 93, 96, 97, 100.

Botryocrinus, 61.

BourgueticrinidiE, 142, 225, 269, 290, 386 ; calyx of,

33; stem of, 6, 7, 23-31, 131.

Buurgueticrinus, 24, 142, 143, 154, 222, 225, 237,

245-249, 254-258, 270, 276, 323,

392.

(liqualis, 256.

ahihamensis, 143, 257.

Uidymus, 258.

ellipticus, 24, 256.

hotessieri, 246, 259.

londinensis, 257, 269.

ooUticus, 257.

:<uessi, 248, 257.

thorenti, 247, 258.

Brachiata, 186, 187, 191.

Briariden, 276, 278, 296.

Brisiruja, 398-400.

Cainocrinus, 35, 272, 273, 281-283.

rCidlicrinus, 157, 400.

Calyx, 33-46, 124-126, 393, 394 ; of Bathycrinus, 37,

226-231 ; of Cotylecrinus, 213, 214; of Cyathi-

dium, 211, 212; of Eudesicriniis, 215; of

Extmcrinus, 274-276; of Holopus, 33, 36,

199-204, 213 ; of Hyocrinus, 33, 36, 218, 223;

of Pentacrinidas, 33, 291-294; of RhLacrinm,

3, 29, 33, 34, 36, 38, 248-253, 257.

Canaliculata, 196.

Caipocrinus orimtns, vault of, 180, 181.

Caulastcr, 195, 399, 401, 402.

Cenocriims, 273, 278-281, 334.

capid-Mcdiisce, 301.

Central capsule, 410-414, 416.

Centro-dorsal of Apiocriuidre, 25 ; of Comatulse, 25,

106; 107, 132, 292; of Cotylecrinus, 213-215.

Ccriocrinus, 46.

Chambered organ, 15, 23, 33, 104-108, 114, 119, 194,

404-406; of Bathycrinus, 34, 107, 235; of

ComatuL-e, 106, 107, 292, 404, 412; of Penta-

crimu^, 105, 292, 412.

Chelocrimis, 295.

acutangulus, 294.

Chladocrinus, 271, 272.

Ii55
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Circular commissure, 40, 117, 413; of Batlajcrinus,

126, 228-230; of Comatulse, 125; of Penta-

crinus, 125; oi Bhizocrinus, 126, 253.

Circumvisceral coelom, 67.

Cirri, 7, 107, 108, 114, 132, 414 ; of Bourgueticrinidaj,

27, 28; of Comatula;, 132, 414; of Pentacri-

nida;, 12, 288, 342.

Cirrus-vesspl, l.i, 23, 107, 292, 412.

Clypeaster, 394.

Coceocrimin, vault of, 160-163, 170, 174, 17.5, 178, l^u.

Coifiaster, 151, 403.

Comatnla, 3, 4, 6, 8-10, 18, 19, 22, 24, 25, 33-36, 38,

40, 44, 45, 48-53, 5.5, 56, 58, 59, 62,

63, 68, 70-74, 76, 78, 83-85, 88, 90, 91,

93-95, 97, 106, 107, 110, 117, 119,

124, 125, 130-135, 144-148, 154-156,

164-166, 169, 175, 177, 181, 183-185,

192, 230, 249, 252, 254, 255, 261, 273,

277, 279, 285-287, 289-294, 316, 319,

324, 326, 337, 340, 363, 370-372, 393,

401, 412, 413, 415.

Ambulacra of, 68, 156 ; ambulacral plates

of, 62, 74, 83, 84, 175, 181 ; arms of, 52,

55, 147, 337; axial cords of, 119, 121-

123, 408, 409; basals of, 34-36, 251,

284, 402, 403 ; ceutro-dorsal of, 25, 106,

107, 132, 292; chambered orgau of, 106,

107, 292, 404, 412; circular commissure

of, 125 ; cirri of, 132, 414 ; disk of, 68-

70, 84, 85, 90
;
geographical and bathy-

metrical distribution of, 136-141 ; mon-

strosities of, 70: oral plates of, 71, 72,

156 ;
pinnules of, 58, 59, 83 ; radials of,

147, 289, 293, 294 ; reparation of, 60,

255 ; syzygies of, 4, 53.

Comatulid£e, 142, 192, 370.

Conocrinus, 245, 247, 248.

cornutiis, 258.

pyriformis, 248, 257.

seguenzai, 257.

suessi, 257.

Consolidating plates of Cupressocrinus, 162.

Convoluted organ of Actinocrinidae, 87, 165.

Costal plates, 396-399.

Costata, 190, 195.

Cotylecrinics, 68, 143, 161; systematic position, 213-

217.

docens, 213.'

miliaris, 214.

Cotylederma, 213.

Covering plates, 62-66, 74-83, 115, 166, 173-17.5,

181, 185, 220.

Crinactinota, 190, 191.

Crinoidea, 186, 187, 188-195.

Crotalocrinus, 54, 65, 66, 157.

jinJcher, 65.

\
Calicocrinus, summit plates of, 170, 175.

I

Cupressocrinus, 48, 150, 152, 153, 162.

! Cupule of Cofylevrimis, 213, 214.

Cyafhidium, 143, 202; systematic position, 211-216.

I

spileccense, 212.

Cyathidiocrinidse, 211.

Cyathocriuidffi, 153, 155, IGO, 162, 164, 173, 181.

Cyathocrinns, 44, 45, 48, 60-66, 146, 151, 154, 161-

164, 169, 173-175, 178, 18.5, 224,

394-398.

alutaceus, summit of, 173.

iowensis, ambulacra of, 65.

Iceois, summit of, 173.

lonyimamis, ambulacra qf, 65, 66, 84.

maloaceus, summit of, 172.

ramosiis, ambulacra of, 66.

Cyclohlastus, 191.

Cycloeystoides, 192.

CystidoB, 192.

Cystidea, 54, 109, 132, 148, 149, 154, 186, 188-195.

Cystohlastus, 191,

Cystoidea, 186, 195.

Deltoid pieces of the Blastoidea, 162.

Democrinus, 28-30, 245, 204, 268, 269.

parfaiti, 262, 264, 269.

Dendrocrinus casei, 45.

navigiolum, 20.

Dichocrinus, 39, 222, 223.

intermedius, 223.

Digestive tube, 1, 84, 86-92.

Disk, 1, 67, 75, 80, 81, 84, 85, 88, 90, 182, 184, 342
;

of Adinometra, 69, 70, 85 ; of Antedon, 68, 84,

85 ; of Bathycrinus, 234, 235 ; of Hyocrinus,

219; of Metacrinus, 59, 68, 80, 81, 93, 342;

of Pcntacrinus, 68, 76, 77, 91, 279.

Distichals, 49, 50, 177.

Dorsocentral, 18, 132, 157, 158, 168, 169, 274, 275,

39.3-396, 398-400.

Echinosplimrites, 192, 195.

Echinozoa, 95, 105, 106, 193, 194, 406.

Edrioasier, 192.

Edri'ocrinus, 143, 194, 195, 217, 319.

Eleaeriniis, 164, 173.

Eleutherocrinus, 132.
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EmeduUata, 151, 196.

Encrinidfe, 142, 187.

Enerinites duhius, 294.

Encriniu^, 25, 34, 35, 48, 49, 51, 117, 125, 126, 142,

143, 145, 149, 150, 152-155, 230, 272,

275, 284, 294-296, 300, 340, 363, 394,

39.5.

beyrichi, 270, 295.

caput-Medusce, 274, 300.

gracilis, 37, 153.

lilii/ormis, 294.

pentactinus, 295.

Epizygal, 4, 50, 219.

Knsocriniis, 150, 152-154.

Eucahjvtocrinm, 151, 157, 160, 195, 400.

crassus, root of, 20.

Eucrinoidea, 186-189.

Eudedcrinus, 10, 143, 149, 161, 202, 205; systematic

position of, 213-216.

Eudiocrinus, 36, 47, 58, 68, 137, 138, 140, 143, 291,

373.

atlantir.us, 47, 127.

indivistis, 47, 48, 58, 127, 137.

japonicus, 47, 109, 127, 339, 378.

srnijjei-i, 36, 47, 127.

varians, 47, 58, 127.

Eugeniacrinidse, 142, 216.

Euqeniacrin itc", 245.

Engcniaa-inas, 68, 131, 142, 161, 211, 214, 227, 247,

248.

mayalis, 215.

pyriformis, 247.

Eupaclujcrinus, 46, 153, 154.

Extmcrinu.; 8, 30, 34, 41, 43, 51, 59-61, 76, 131, 143,

14.5, 149, 150, 154, 181-183,271, 272,

274-278, 281, 288, 296-299, 308, 371,

394, 395; arms of, 59-61, 224, 277,

278; calyx of, 274-276; geological

range of, 296-298; stem of, 276, 277,

287.

hrian-us, 20, 22, 54, 55, 81, 131, 274,

275, 278, 296, 297, 313.

subangularis, 16, 22, 30, 54, 274, 277, 413.

Food of Crinoids, 132, 133.

Food-grooves, 56, 64, 68, 69, 77-85, 92, 156, 163-

166, 173, 180, 236, 41.5.

Free rays of lolitliyocrinidce, 181 ; of PMycrinus, 177.

Genital canal, 96, 209.

Genital cord, 61, 63, 108, 110, 111, 209, 210.

Genital glands, 56, 57, 61, 63, 83, 108-111, 220.

Genital platesof Echini, 2, 168, 169, 172, 393-398, 402.

Genital vessels, 97-100, 10.5, 108, 109.

Geographical range of Crinoids, 136, 137.

Gissocrinus, 66, 174.

jmnduosus, amhulacra of, 65.

Glyptocriiius, 183-185.

decadactyhif!, 183.

schaffen, 20.

Glyptocystifcs, 20.

Goniaster, 245.

Growing point of arms, 56, 59, 60, 400.

Guettardicrinus, 39, 146, 149-152, 181, 289.

Gi/mnocrinus, 143, 216.

Habits of Crinoids, 130-132.

Habrocriniis, 66, 180.

Haplocrinm, 54, 157-159, 163, 164, 167, 170, 171.

mespiliformis, 158.

Heterocrinus, 42, 45, 53, 154, 267, 363.

constridus, 53, 224.

simplex, 53, 224.

Hexacrinm, 39, 176, 217.

Holopida?, 197, 216, 386.

Holopocrinidse, 211.

Holopodida;, 142, 143, 195, 217.

Holopus, 38, 48, 127, 131, 141, 143, 145, 149, 155,

159-161, 172, 185, 197, 198-217, 386,

388.

Arm-joints of, 207, 209 ;
axial cords of, 119,

209, 236 ; bivium and trivium of, 202,

207; calyx of, 33, 36, 199-204, 213;

colouring matter of, 129, 204, 210 ;
genital

glands of, 63, 110, 210; geographical and

bathymetrical distribution of, 136-138,

140, 141 ; oral plates of, 70, 72, 95, 156,

198, 208; pinnules of, 207, 208; second

and axillary radials of, 204-206 ; system-

atic position of, 211-217 ; tentacles of, 208.

rangi, 199-208, 380, 381, 384, 385, 386,

388, 389 (Pis. i.-vb.; PI. vc. figs. 1-3).

Ilyhocystites, 191.

Hydrospires of Blastoidea and Cystidoa, 194.

Hyocrinidce, 31, 217, 223, 386.

Ilyocrinus, 48, 54, 60-62, 73, 83, 134, 142, 146, 149,

15.5, 160, 161, 176, 179, 181, 185, 208,

217, 218. 219, 221, 222, 234, 236, 242,

267, 289, 371, 386, 388, 391, 392; arms

of, 52, 53, 219, 224; calyx of, 33, 36, 218,

223 ; covering plates of, 74, 220 ;
genital

glands of, 109, 220
;

geograpliical and

bathymetrical distribution of, 137-140;
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Hyocrinus continued

—

oral plates of, 70, 72, 94, 95, L96, 219;

pinnules of, 59-61, 219, 224; side plates

of, 82, 220; stem of, 5, 31, 32, 218, 221;

systematic position of, 222-224; testes of,

220; water-pores of, 94, 95, 219, 220.

hethelUanus, 218-222, 240, 37(j, 378, 386,

389, 391 (PI. vc. figs. 4-18; PI. vi.).

Hyponome sarsi, 67, 85, 166.

Hypozygal, 4, 50, 54.

Ichthyocrinidaj, 42, 76, 149, 155, 166, 181-185, 195.

Ichthyocrinun, 185, 195.

Myaster, 401.

Ilycrinus, 225.

Inarticulata, 1 45.

Infra-nodal joint, 13.

, Interarticular pores, 18.

Internal casts of Actinocrinidn.', 165, 174. 179, 182 ; of

Plafycrinus, 179.

Intevpalmar areas of disk, 69, 81, 84, 16.5, 166, 174, 180.

Interradials of calyx, o8-46, 74, 162, 178, 371.

Interradials of perisome, 42-44, 73, 74, 76, 183, 371.

Intervisceral blood-vessels, 87, 97-105, 405, 406.

Intervisceral coelom, 67, 109.

Intervisceral plexus, 86, 87.

Intra-radial commissure of Comainla and Pi'iitacrinus,

125, 126; of BatliijcrirMS, 127, 229 ; of Rhizo-

crimis, 126, 253.

locrinus, 46, 363.

Jsis, 272, 300, 302.

Isocrinus, 271-273, 281.

pendulus, 34, 284.

Labial plexus, 93, 97-101, 103-105, 404-40G.

Lecanocrinus roemevi, 217.

Lepidodiseus, 85.

Liclienocrinoidea, 192.

Lichenocrinus, 192.

diihiiis, 20.

Ligaments, of arms, 7-9, 414 ; basiradial ligaments of

Bathijcrinus, 228 ; of stem, 5-7, 13, 23.

Madreporic canal of Echinozoa, 106, 194, 406.

Mariacrinun, 155, 171.

Marsupiocrinns, vault of, 171, 175-177

depressus, 176.

radiatus, 176.

Marsupites, 34, 48, 68, 132, 142, 145, 151, 155, 181,

183, 196, 216, 394-398.

MarsupitidiB, 142.

Mc(iidocrimis, 54.

Mesocrinus, 24, 237, 255-257, 323.

MetacriHUg, 10, 13, 110, 124, 128, 134, 148, 152, 154,

205, 270-272, 275, 283, 285-288, 291,

300, 304, 311, 320, 334, 336, 339,

340, 341-344, 357, 359, 360, 362, 369,

370, 387, 388-391 ; arms of, 55, 285,

286, 342 ; cirri of, 288, 342 ; disk of,

59, 68, 80, 81, 93, 342; geographical

and bathymetrical distribution of, 136-

142, 343; pinnules of, 10, 55, 58, 15.5,-

341, 342; pinnule-ambulacra of, 81,

82; radials of, 48-51, 341, 357; stem

of, 14, 15, 17, 19, 287, 288, 342, 343.

fanjulatus, 19, 51, 60, 70, 80, 81, 110,

134, 287, 288, 293, 342, 344, 345,

346, 348, 355, 357, 364, 366, 369,

370, 377, 387, 389 (PI. xii. figs. 1-14
;

PJs. xxxviii., xxxix.).

ciugulatus, 17, 80, 81, .287, 288, 342,

344, 346, 347, 348, 355, 357, 358,

369, 377, 387, 389 (PI. xl. ; PI. xli.

figs. 1-4).

costatus, 17, 35, 82, 129, 284, 288, 342,

344, 359, 360-362, 363-366, 368-

370, 378, 387, 389 (PI. xlvii. fig. 13;

PI. xlix.).

Metacrinus dredged by tlie "Vega," 340>

343, 344, 3G8, 387, 388.

lutemqjtus, 134, 288, 342-344, 367,

368, 369, 377, 387, 388 (PL lii.).

Moselei/i, 17, 129, 341, 344, 355, 356,

357-359, 378, 387, 389 (Pk xlv.,

xlvi.).

murraiji, 17, 78, 81, 82, 128, 140, 184,

326, 342-344, 349, 350, 351, 352,

355, 377, 378, 387, 389 (PI. xli.

figs. 12-17; PL xlii.).

iwhiUs, 17, 80-82, 287, 344, 350, 351,

352, 353, 355, 369, 377, 387, 389

(PL xli. figs. 5-11 ; PI. xiiii.).

nodosus, 51, 76, 80-82, 289-291, 342,

344, 359, 362, 364, 365, 366, 368-

370, 377, 387, 389, 391 (Pis. L, li.).

rotundus, 343, 344, 357, 387, S88.

atewarti, 288, 344, 387.

superbus, 344, 351, 352, 355, 387.

tuheroms, 134, 288, 342, 344, 369, 370,

377, 387, 389 (PL liiL figs. 1-6).

varians, 17, 129, 134, 288, 342, 344,

351, 352, 353, 354, 355, 366, 378, 387,

389 (PL xliv. ; PL xlvii. figs. 6-12). "
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Mdacrinm ifyrillli, 129, 136, 288, 342-344, 354,

357, 358, 359, 360, 362-365, 368,

377, 378, 387, 389, 391 (I'l. xlvii.

figs. 1-5
; PL xlviii.).

Microiwcrinus, 143, 216.

Millericnnus, 8, 11, 25, 49, 54, 131, 135, 153, 256,

270, 271, 281, 282, 340.

nodotianus, 256.

pratti, 20, 26, 51, 132, 328.

simplex, 256.

Monstrosities, 70, 347.

Mouth, 56, 68-70, 91, 103, 156, 106, 403.

Mouth-shields of Ophiurids, 2, 169.

Muscles, 9-11, 113-115, 414, 415.

Myelodactyloidea, 192, 193.

Mydodudylus, 192, 193.

Myrtillocnnus, 146.

Myzostoma, 70, 133-135, 334, 358, 364, 369.

deformator, 324.

pentacrini, 324, 364.

wyville-thomsoni, 347, 362, 364.

Neocrinoidea, 9, 38, 49,51, 59, 142, 145, 147-157,

160-162, 170-173, 181, 185, 194, 195, 196,
' 217, 224, 270, 295, 309, 411.

Neocrinus, 273, 279, 280, 302, 334.

Nerve-fibres of stem, 23, 31, 116, 119, 120.

Nervous system, 111-127, 407-416.

Neuro-vascular axis of stem, 194, 413.

Nodal joints in stem of Pentacrinidse, 4, 12-15, 17,

19, 105, 107, 291.

Ocular plates of Echini, 2, 168, 169, 393, 394, 402.

Odontophore of Starfishes, 2, 398-400.

Ollacrinus, 157.

Onydiocrimis, 41, 42, 151, 181, 182, 372.

Oral pinnules of Antedon, 59, 115.

Oral plates, 2, 70, 73, 94, 95, 156-164, 167-173, 178,

184, 185, 398 ; of Bathycrinus, 234 ; of Coma-

tula, 71, 72, 156; of IIolopus, 70, 72, 95, 156,

198, 208 ; of Hyocrmus, 70, 72, 94, 95, 156,

219; of Rhhocrinus, 70, 72, 156, 219, 255;

of Thaumatocrimts, 70, 72, 160, 161, 371.

Orocentral, 158, 159, 167-172, 178, 184.

Ovary, 109-111, 210.

Ovoid gland, 104-106, 406, 407.

Palsocrinoidea, 32, 38, 39, 47-49, 54, 61, 68, 72, 132,

135, 147-158, 164-107, 172, 173, 181, 185,

194, 195, 217, 218, 224, 270, 271, 295, 358,

363, 370-372, 394.

Palwosionia mirahilis, 2.

Parambulacral network, 123, 124, 415, 416.

Parasites of Crinoids, 133-135.

Palraa animal, 301.

Palmars, 49, 177.

Palmier marin, 300.

Polmatozoa, 186, 187, 188, 190, 191, 193-195, 413.

Pentacrinidffi, 56, 71, 83, 110, 119, 125, 132, 142,

143, 146, 1.50, 154, 156, 166, 183-

185, 192, 228, 270, 271, 277, 289-

291, 294, 295, 310, 317, 320, 322,

323, 326, 337, 386.

Ambulacral skeleton of, 02, 74-82
;

arms of, 55, 56, 154, 155, 277, 27^',

284-287 ; calyx of, 33, 291-294
;

characters of young, 289-291, 327
;

cirri of, 12, 288, 342; colouring

matter of, 128, 129, 210 ; colonies of,

130, 131; disk interradials of, 73,

70, 183; ovaries of, 110; parasites

of, 134, 135
;
pinnules of, 55, 58, 59,

155, 286; stem of, 3-6, 12-23, 287,

288, 290, 291, 315-319, 342, 343
;

syzygies of, 4, 5, 254, 320.

Pentacrinin, 128, 129 ; 204, 210.

Pentacrinites, 272, 273.

vidgaris, 274, 300.

Pentacrinoid larva of Comafula, 24, 39, 70, 89, 93, 95,

101, 107, 108, 116, 127, 158, 159, 161, 164,

194, 214, 219, 237, 251, 290, 396.

Pentacriims, 3, 7-10, 13, 17-19, 49, 50, 53, 58, 62,

66, 74, 76-81, 84-88,90, 97, 101, 103,

104,110, 117, 126,127,128-132,134-

141, 143, 14.5, 148, 155, 165-167, 173,

181, 182, 192, 195, 210, 211, 228-231,

235, 244, 252, 256, 259, 261, 271, 272,

273, 274-300, 302-304, 316-320, 326,

340-343, 364, 309, 386, 388, 391, 392,

394, 409, 415.

Basals of, 34, 35, 282-284, 293, 336;

cliambered organ of, 105, 292 ; disk of,

68, 76, 77, 91, 279; geographical and

Lathymetrical distribution of, 136-141,

300, 343, 391, 392; geological history

of, 294-300; intervisceral blood-vessels

of, 101, 102 ; labial plexus of, 93, 100
;

plexiform gland of, 105
;
primary inter-

radial cords of, 124-126, 292, 293;

radials of, 289, 293, 294 ; radial plug

of, 34, 293; stem of, 12-23, 287, 288,

31.5-319,342, 343; vascular axis in stem

of, 23, 107 ; water-vascular ring of, 93.
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Pentacrinus altemicirrus, 12, 19, 21, iA, 55, 77,

78, 80, 128, 135, 136, 177, 184, 277,

282, 284-286, 288, 293, 299, 305,

310, 313, 315, 318, 320, 321, 322,

323, 324, 326, 335, 337, 346, 353,

364, 377, 378, 386, 389, 391, 412

(Pis. XXV., xxvL ; PI. xxvii. figs.

1-10).

asteriscus, 143, 297, 298.

cisterius, 4, 14, 17, 19, 42, 58, 64, 73,

74, 79, 154, 183, 184, 274, 275, 277,

279, 280, 282, 283, 285-288, 293,

299, 300, 301, 302, 303-305, 308-

312, 318, 329, 332-335, 342, 343,

371, 381, 384, 386, 388,3 89 (PI. xi.;

PI. xii. figs. 15-25 ; PI. xiii. ; PI. xvii.

figs. 7, 8).

hasaltifurmis, 300.

lieaugrandi, 286.

hlakei, 5, 14, 35, 50, 78, 280, 283,

284, 287, 288, 299, 319, 326, 328,

329, 330, 334, 342, 381-383, 386,

389 (Pis. xxxi., xxxii. ; PI. xxxiii.

figs. 1-3).

hrtarew, 274, 278, 280, 297, 302.

hrirtreus achalmianus, 297.

hriareus minutus, 278.

hriareibs zollerianus, 297.

hronnii, 323.

buchsgauens-is, 297.

caput-Medusce, 274, 278, 281, 300-302,'

304, 306, 308, 309.

dargniesi, 297.

decorus, 14, 18, 21, 35, .50, 51, 60, 77,

79, 91, 93, 95, 96, 100-102, 104, 105,

120, 123, 231, 279, 280, 283-285, 288,

290, 291, 293, 294, 299, 30.3-305, 308-

312, 316, 319, 320, 324, 326,329, 330,

331, 332, 333-337, 341, 342, 379-

386, 388, 389, 402, 416 (PL xxxiii.

figs. 4-6; Pis. xxxiv.-xxxvii.; PL Iviu

figs. 2-5; PL Iviiu figs. 1-3; PL lix.

figs. 1-4; PLlxiL).

didactylus, 323, 327.

dixoni, 143, 284.

duhius, 294, 295.

fisheri, 34, 143, 284.

jaccardi, 17.

johnsoni, 274.

jurends, 4.

Pentacrinus madearaims, 15, 19, 20, 35, 55, 62, 80,

277, 281, 282,284, 285,288, 299, 310,

312, 313, 315, 318, 323, 343, 346,

353, 376, 387, 389, 412 (PL xvi.; '

PL xvii. fig. 1).

milleri, 274.

molUs, 44, 300, 338, 339, 343, 378,

387, 389, 391 (PL xxxiii. figs. 7-10).

miilleri, 14, 51, 55, 61, 77, 80, 277, 280,

285, 288, 299, 304, 305, 306, 307,

308-313, 315, 316, 318, 320, 32.3, 324,

330, 331-334, 337, 340-342, 380-385,

387-389 (Pis. xiv., xv.; PL xviL figs. 9,

10).

naresianus, 5, 14, 18, 21, 44, 50, 52, 53,

77, 78, 94, 128, 136, 140, 143, 184,

231, 240, 27.5, 280, 285-288, 290, 291,

293, 299, 300, 320, 322, 324, 325,

326-330, 334, 336, 337, 342, 354, 377,

378, 387, 389, 391 (PL xxviL figs. 11-

13 ; Pis. xxviiL-xxx.).

nicoleti, 17.

nodotianus, 297.

pentagonalis personatus, 34, 284.

psilonoti, 300.

scalaris, 4, 35, 284.

sigmaringenxis, 300.

suhangidaris, 274, 278.

suhteres, 270.

tridadyhis, 323.

f,ubercidatus, 35, 274, 286.

vulgaris, 294.

wyville-thomsoni, 14-17, 19, 21, 35, 44,

55, 76-78, 80, 91, 93, 98, 100, 119,

124, 129, 130, 136, 176, 185, 277,

280-284, 286-288, 290, 291, 293, 294,

299, 305, 310, 313, 314, 315-320,

322, 323, 335, 337, 342, 343, 346, 37.5,

387, 389-391, 415 (PL xvii. figs. 2-6;

Pis. xviii.-xxiv.; PL Ivii. fig. 1).

Pmtremites, 192, 195, 413, 414.

Pentremitidse, 192.

Periechocriinis, summit of, 171, 172.

Perisomatic skeleton, 1, 2, 73-85, 182.

Perisome, 67, 68, 97.

Perisomio plates, 39, 40, 41, 124.

Peristome, 68, 71, 84, 87, 164, 179, 181.

Peritoneum, 67, 99, 100.

Philocrinus, 152-154.

Phimocrinus, 150.
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Phyllocrinus, 142, 216, 227, 413.

Physetocrinus, summit of, 171.

Pigment, 23, 97.

Picteticrinus, 273, 281.

Pinnastella, 187.

Pinnigrada, 187, 190.

Pinnules, 55-G6, 174; of Batliycrinus, 233, 234; of

Comatulse, 58, 59, 83 ; of Holopus, 207, 208

;

of Hyocrinus, 59-61, 219, 224; of Metacrinits,

10, 55, 58, 155, 341, 342; of Pentacrinan, 55,

58, 59, 155, 286 ; of Rhizocrivm, 56, 60, 255.

Plsoarinus, 48, 54.

I'latycrinidoe, 61, 62, 149, 158, 160, 162, 167, 168,

170, 171, 175, 176, 178-181.

Platycrimis, 24, 48, 62, 65, 146, 151, 155, 163, 164,

174, 176-179, 185, 196, 217, 223, 237,

258, 394.

burlingtonensia, 177.

ventrieosus, 170.

Pleurocystitcs, 20.

Plexiform gland, 33, 34, 96-106, 108 ; of Adinomdm,

103, 104; of Antedon, 101, 102, 235; of

Batliyrrinus, 89, 90, 101, 235 ; of Ecliinozoa,

101, 105, 407 ; of Peiifacrinus, 105; of Bhixo-

criniis, 89, 101, 104.

Plicatocrinidic, 142, 222.

Plicatocriims, 49, 51, 142, 152, 155, 205, 214, 222,

223, 289.

Poterwerinus, 46, 60, 61, 146, 224, 394.

radiatus, 152.

Primary interradial cords, of Bathycrinns, 126, 228-

230; of Encrinns, 125, 126; of Pentacrinus,

124-126, 228, 230, 292, 293; of Rhizocrinus,

126, 228-230, 252, 253.

Proboscis, 41-44, 87.

Fromachocrinns, 36-38, 68, 90, 92, 97, 137, 138, 140,

144, 216, 403.

ahyssoi-um, 376, 377.

kerguelensis,98, 99, 101, 102, 127

naresi, 378.

Proximal plates of vault, 168-172.

PsolidsB (orals of), 2.

Pterocrinus, 242, 243.

Pterotocriniig, 157, 177.

. Kadials (first), 2, 3, 33-38, 48, 106, 152, 155, 157,

168-170, 393-395, 399, 402 ; of Bathycrinns,

3, 37, 230, 231 ; of Comatulse, 147, 289, 293,

294; of Metacrinits, 48-51, 341, 357; of

Pentacrinus, 289, 293, 294 ; of Proiiiachucrinus,

37, 38 ; of Rhizocrinus, 250-253.

Eadials (second), 38, 47, 50; oi Eudeskrinus,\0,1\h of

Holopus, 204-206, 215; of Metacrinus, 48, 341.

Radial dome plates, 167, 169, 175-178.

Radial plug, 34, 293.

Radial skeleton, 1, 2.

Radial spaces, 31, 32.

Radicular cirri, 27, 28.

Ray-divisions, 47-51, 337.

Reparation of arms, 60, 255, 285 ; of disk, 255.

Reieocrinns, 42, 151, 181, 183-185, 371, 372.

nealli, 43,44, 184.

richardsoni, 43.

stellaris, 43.

siihglobosus, 43.

Rhizocrinus, 3, 24, 27-31, 38, 54, 64, 73, 109, 127,

130, 132, 142, 143, 151, 1.53, 213, 217,
' 222-226, 229-238, 244, 245, 246,
247-259, 268, 269, 289-292, 317,

371, 388, 391, 392; ambulacral plates

of, 62, 261; arms of, 52-54, 64, 65,

267; calyx of, 33, 34, 36, 38, 248-253,

257; digestive tube of, 88-90, 254;

geographical and bathymetrical range

of, 136-141, 391, 392; intra-radial

commissure of, 126, 253; orals of,

70, 72, 156, 219, 255; parasites of,

134; pinnules of, 56, 60, 255; plexi-

form gland of, 89, 101, 104; primary

interradial cords of, 156, 228-230, 252,

253; reparation of disk in, 255; second

brachials of, 38, 254; stem of, 23-31,

.
. 107, 256; syzygies of, 5, 9, 254, 255;

visceral mass of, 33, 90, 254, 255.

lofotensis, 3, 25-28, 36, 47, 56, 72, 90,

93, 134, 136, 246, 248-251, 253, 254,

257, 259, 260, 261-266, 268, 374-

376, 378-380, 382, 384, 386, 388, 389,

391 (PI. viiia. figs. 6-8; PI. ix. figs. 1, 2;

PI. X. figs. 1, 2).

londinensis, 269.

raiosoni, 25, 28-30, 47, 56, 72, 134, 249,

254, 255, 257, 258, 262, 263-269,

374-376, 379-384, 386, 388, 389, 391

(PI. ix. figs. 3-5; PI. X. figs. 3-20;

PI. liii. figs. 7, 8).

calyx of, 265-267; pinnules of, 267;

young specimens of, 264, 265.

Rhodocrinidae, 39, 40, 149, 164, 167, 168, 171, 174,

371.

Rhodocrinites, 39, 40, 371.
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Rhodocrinus, 371, 394.

Eoot-joint of stem, 28.

Eosette of Coraatulse, U, 36, 106, 2.51, 291, i02; of

Jthhocrhw.9, 34, 249, 251, 2.i3.

Saccosoma, 190, 195.

Saoculi, 83, 127.

Halenia, 395.

Saumplattcben, 66, 74, 173, 174, 180.

Scalpellum, 369.

album, 134.

halaniiiui-t!, 134, 351, 355.

Semiarticulata, 145.

Side plates, 62, 66, 74, 79-83, 165.

Solanocnnites, 272.

Solanocrinus, 402, 403.

Spongy organ, 98-101, 103, 406.

Stelidiocrinus, 180.

capiiidum, summit of, 171.

Stem, 5-7, 12-32, 54, 114, 135, 194, 401 ; of Bathy-

crinus, 23, 24, 26-28, 226; of Extmcrijuis, 276,

277, 287; of Ili/ocrinus, 5, 31, 32, 156, 218,

221 ; of Mctaerinus, 14, 15, 17, 19, 287, 288,

342, 343; of Pentacrinus, 12-33, 287, 288,

315-319 ; of Rhizomnus, 23-31, 107, 256.

Stcmmatocrinus, 150, 152-154.

Stilasteritse, 187.

Stomatocrinoidea, 147, 156, 195, 196.

Strotocrinus, vault of, 171, 172.

Stylifer, 134.

Stylina, 134.

Subambulacral plates, 75, 85, 165.

Subangularen, 276, 278, 296.

Support of Eudesicrinus, 214-210.

Supra-nodal joint, 14.

Symhathocnnus, 54, 158, 163, 164, 107, 169-171,

179.

Synostosis, 2, 3.

Syzygial interval, 52.

Syzygy, 3-5, 8, 9, 15, 50, 52, 53, 231-233; of Co?na-

Ma, 4, 53 ; of Pentacrinidas, 4, 5, 254, 326 ; of

Rldzocrinus, 5,' 9, 254, 255.

Talarocrinus, vault of, 177.

Taxocrinus, 41, 42, 150, 151, 154, 211, 372.

Tentacles, 56, 57, 63, 69, 75, 93, 115, 117, 189, 194,

416; ol Holopus, 208.

Tentaculata, 186, 189. -

Tegmen calycis. See Vault.

Termination of stem in Pentacrinidffi, 18-23, 315-319.

Tessellata, 142, 14-5-148, 101, 195, 196.

Testes of Hyocrinus, 220.

Tetracrinus, 216, 227.

Tfiaamatocrinus, 33, 34, 30, 39-42, 44, 45, 47, 58,

68, 70-72, 127, 144, 148-151,

156, 160, 166, 172, 179, 18.5, 223,

291, 370, 371, 372, 392; anal

appendage of, 41, 4.5, 371-372;

basals of, 34, 36, 371 ; calyx

interradials of, 39-41, 371
;
geo-

graphical and batbymetrical dis-

tribution of, 137-140; oral plates

of, 70, 72, 160, 161, 371.

renovatus, 149, 372, 373, 377

(PI. Ivi. figs. 1-5).

ThiolUericrimis, 24, 143, 257.

I

Thylaeocrinns, 371.

Tiarecliiniis 2)riiia-j)!i, 414.

Torynocrinus, 142,

UintacrinidiB, 142.

Uintacrimis, 132, 142, 147-151, 196.

Under-basals, 152, 153, 168, 169, 394-399, 402.

Ungrooved arms of Actinometra, 56, 57, 69, 70, 113,

115.

Vascular axis of stem, 15, 23, 104, 107, 235.

Vault, 41, 42, 156, 157, 166-168, 185; of Actino-

crinidae, 164-167, 173, 180, 181 ; of Blastoidea,

173; of Coccocrinug, 160-163; of Cyatho-

crinida;, 173, 181; of Glyptocvinus, 183, 184;

of Icbtbyocrinidoe, 181, 182 ; of Platycrinidse,

170, 171, 175-181; of Rdcocrinus, 184; of

Xenocrinus, 185.

Vegetative system, 54-56.

Ventral radial furrow, 252.

Ventral sac, 44, 46, 76.

Verruca, 349, 353, 355, 369.

nitida, 134.

Visceral mass, 1, 33, 67-70, 164, 166 ; of Bafhycrimis,

33, 90, 234 ; of Rhhoerinus, 33, 90, 254, 255.

Visceral skeleton, 85-87.

Water-pores, 73, 75, 76, 81, 84, 92-96, 100, 194, 219,

220, 404-406.

Water-tubes, 92-94, 106, 165, 236, 404.

Water-vascular ring, 1, 92-94, 165, 405.

Water-vascular system, 92-96, 106, 194, 406.

Water-vessels (radial), 1, 70, 92-94.

Woodocrinus, 20.

Xenocrimis, 42, 44, 181, 183-185, 371, 372.

Zoroaster acMcyi, 399.

fulgens, 106, 395, 399.



EXPLANATION OF THE PLATES.

The following letters arc employed throughout all the Plates

A.

a.

a.

ac.

ad.

ae.

ai.

an.

ar.

at.

B.

Bv
b.

hi.

br.

a.

c.

ca.

ce.

ceo.

ch.

ch'.

chc

clin.

Axial cord of the ray or arm.

Axial cord of a pinuule.

Branches of the axial cord in the skeleton.

Connective - tissue fibres between the

anambulacral plates.

The parambulacral extensions of the axial cvc.

ci.

cie.

cp.

cs.

IT.

cords into the ventral perisome.

. Ambulacral epithelium.

. Primary interradial cords.

. Anambulacral plates.

. The secondary (radial) cords.

Anal tube.

. Basal ring.

B.„ . First and second brachials.

. Radial blood-vessel.

. Ligaments uniting the hasals to the top

stem-joint.

Plug of calcareous tissue in the radial

funnel, called a rosette by Sars.

. The body-cavity or coelom.

. The bands of connective-tissue which

traverse it.

Fibrillar sheath round the vascular axis

of the stem.

Its radiatinf; extensions.

. Coeliac canal.

. Interradial portion of the circular com-

missure.

. Cavities of the chambered organ.

Their downward prolongations into the

stem.

. Fibres of connective tissue which traverse

the fibrillar envelope of the cliambered

organ (central capsule).

. The nodal enlargements of the peripheral

vessels of the stem (cli).

(ZOOL. CH.\LL. EXP. PART XXXII.— 1884.)

e.

fg-

G.

(I-

gc'.

gv.

ih.

J.

./'

L.

I.

lb.

Id.

id'.

li.

li'.

hi.

Ip.

It.

Is.

M.

m.

111'.

inpi.

, A

Cirrus.

Ciliated cups in the coeliac canal.

Covering plates.

Connective-tissue spaces in the perisome.

Cirrus-vessel.

Ciroumvisceral coelom.

First, second, and fifth distichal.s.

External epithelium.

Fore-gut.

Gut.

Its epithelial lining.

Genital cord.

Genital canal.

Genital vessel.

Intervisceral blood-vessel.

Intraradial portion of the circular com-

missure.

Arm-joint.

Pinnule-joint.

Interradial ligament.

Basiradial ligament.

Interbasal ligament.

Dorsal ligament between the arm-joints.

The fossa in which it is lodged.

Interarticular ligament of the arms.

Tlie fo.ssa in which it is lodged.

Calcareous network in the perisome.

Labial plexus.

Its radial extensions beneath the ambu-

lacra.

Interarticular ligament of stem.

iSlouth.

Muscle.

Transverse muscle-threads in tlie watei-

vessels.

Muscle-plate.

Ii56
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PLATE J.

(ZaOl.. CHALL. ESP.—PART XXXII.— 188-1.)- li.



PLATE I.

HoLOPUS EANGi, d'Orbigny.
Diam. Page

. X 3 199

The largest specimen,.•••'
Fig. 1. The bivial side.

Fio-. 2. The trivial side.
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PLATE IT.



PLATE 11.

HoLOPUS EANGi, cl'Orbigny.

Diaiu. Page

Views of the trivial and bivial sides of an individual which has lost

three of the four bivial arms, . . . . . x 3 199
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PLATE III.

(ZOOL. CHALL. EXP.—PAET XXXII.—1884.)—li.



PLATE III.

HoLOPUS EANGi, d'Orbigny.

Fig. 1. View of the cup from above after removal of two of the com-

posite axillaries, ......
Fig. 2. Interior of the cup of the specimen represented in PL II.,

showing the oral plates. Two axillaries are supposed to

be removed,

Fig. 3. Slightly oblique view of the dorsal surfaces of an axillary and

the attached first bx'achial,....
Fig. 4. Dorsal aspect of an axillary, ....
Fig 5. Oblique view of its proximal face,

Fig. 6. Oblique view of the ventral sides of two united brachials,

P'ig. 7. Proximal face of the second brachial, .

Figs. 8-13. Terminal faces of some of the large lower brachials,

Figs. 14, 15. Terminal faces of some of the small outer brachials.

Fig. 16. Portions of the pinnules, . . . .

Diam.

3

Page

203

208

X
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PLATE IV.



PLATE IV.

HoLOPUS EANGi, d'Orbigiiy.

Diam. Page

Side views of a young specimen, . . . . . x 10 203
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PLATE V.

(zoor,. cHiLL. Exr.—PART xssii.—1884.)— li.



PLATE V

HoLOPUS KANGi, d'Orbigiiy.

Fig. 1. The articular facets of the radials viewed from above, . x

Fig. 2. Horizontal section of the radials, 2 mm. below the edges of

the two bivial facets. This is an inferior view of the ring

of united radials shown iu fig. 1

,

. . . x

Fig. 3. Vertical section through the lower part of the cup, . . x

Fig. 4. Horizontal section through the lower part of the cup, about

5 mm. above the basal expansion, . . . x

Fig. 5. The calcareous network forming the peripheral portion of the

cup, . . . . . . . x

Fig. 6. The calcareous network forming the inner faces of the radials, x

Fig. 7. Portion of a horizontal section through the cup, showing the

relations of the two kinds of network, . . . x

Fig. 8. Ideal representation of the more regular network forming the

outside of the cup, . . . . . x

Figs. 9, 10. The youngest individual dredged by the "Blake,". x

Fig. 9. From the side.

Fig. 10. From above.

Diam.

3

3

2

Page

202

200

45

45

12

80 J
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PLATE Vo.



PLATE V;i.

HoLOPUS RANGi, d'Orbigiiy.

Diam. Page

Fig. 1. Ventral aspect of a decalcified arm, showing the ambulacral

groove and one of its lateral branches, . . . x 20 206

Fig. 2. Side view of a decalcified arm, . . . . . x 6 208

Fig. 3. Side view of au entire ray, . . . . . x 6 208
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PLATE Vb.

(ZOOL. ClIALL. EXr. - -PAET XXXII. 1881.)— Il



PLATE Vb.

The Lettering is the same in all the Figures.

J. Axial conl. 1
'«• Muscle.

cc. Coeliac canal. I
•'''•• Subtentaculav canal.

g,: Genital ooi.l. T. Tentacle.

'

./. Pinnule-joint. "•- Railial water- ve.s.«el.

//. Interarticular ligament. I

HoLOPUS RANGi, fl'Orl>igny.

Piiini. Page

Fif. 1. Transverse section of a lo\Yer arm-joint, . . . x 30 209

Fiff. 2. The upper portions of three pinnule-joints, showing the arma-

ture covering the bases of the tentacles, . . . x GO 208

Fio-. 3. The terminal portion of a pinnule showing the tentacular plates
;

from a dry specimen, .....
Fif. 4. Inner aspect of an entire ray, showing the rolling in of the

distal arm-joints,......
X 40 208

X G 20G

Fio-. 5. Ventral aspect of an axillaiy and the lower p:irt of an arm,

showing tlie ambulacrnl groove, . . . .
x G 20G



TheVaf&ge ofHMSXhallenger.' CriTioidea PI Vi.

.^. 1

»-





PLATE Vc.



PLATE Vc.

A. Axial cord of arm.

a. Axial cord of pinnule.

ae, Ambulacral epithelium.

an. Aiianibulacral plate.

C. Coelora.

ca. Fibrillar slieatli rouud vascular axis of stem

cc. Coeliac canal. .

cic. Ciliated cup.

cp. Covering jjlate.

yc. Genital coid.

J. Arm -joint.

j. Pinnule-joint.

Id. Dorsal ligament.

Thu Lutleiiug is the same in all the Figures.

Is. Interarticular ligament of stem.

m. Muscle.

0. Oral plate.

ov. Ovary.

rs. Radial space in stem.

s]). Side plate.

stc. Subtentacular canal.

T. Tentacle.

t. Testis.

V. Central vascular axis of stem.

w. Radial water-vessel.

Wj). Water-pore.

Figs. 1-3. HoLOPUS RANGi, d'Orbigny.

Fig. 1. Portion of au oblique section through an arm-joint and the

base of a pinnule,......
Fig. 2. Transverse section of an arm-joint with attached pinnule,

Fig. 3. Portion of a nearly longitudinal section of a pinnule,

.

Diam. Page

X
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PLATE YL

(ZOOL. CHALL. liXP.— PART XXXII.— 1884. )—Ii.



PLATE VI.

HyocRiNus BETHELLiANUS, Wyv. Thoms.

Fig. 1. Eaclial view of the calyx and arms,

Fig. 2. Interradial view of the entire sjJecimen,

Fig. 3. The calyx and arm-bases ; anal side, . .

Fig. 4. The disk, from above, . . . . ,

Fig. 5. Inner view of a fragment of the upper portion of the disk,

Fig. 6. Terminal joints of a pinnule, mounted in dammar,
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PLATE VII.



PLATE VII.

Bathycrinus aldrichianus, Wyv. Thorns.

Fig. 1. An entire specimen, .....
Fig. 2. The calyx and arms, .....
Fig. 3. Oblique view of the disk, ....
Figs. 4, 4a. Dorsal and ventral aspects of tlie radial axillaries.

Figs. 5, 5a. Dorsal and ventral aspects of the second radials.

Figs. 6, 6a. Outer and inner faces of the first radials.

Fig. 7. Terminal portions of two pinnules, mounted in dammar

and seen in optical section.

Fig. 8. The lower part of an arm from above,

Fig. 9. Lower stem-joints and root,

Fig. 10. Middle stem-joints,

Fig. 11. Upper stem -joints and basals,

Figs. 12, 13. Terminal faces of lower stem-joints,

Diam.

I

2

2

6
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X 4

X
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Page

241
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234
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PLATE Vila.

(zDoi,. oiiAi.i,. KXP.— r.MM' xxxn.— 1881.)— li.



PLATE Vila.

The Letterin;^ is the same in all the I'lj/ures.

ca. Fibrillar sheath round vascular axis of stem.

cit'. Its radiating extensious.

ch'. Downward prolongation into the stem of the cavities of

the chambered organ.

hi'. Fossa lodging the dorsal ligament.

li'. Fossa lodging the interarticular ligament.

Is. Interarticular ligament of stem.

ji. Pigment bodies.

rill'. Muscular fossa; on the distal face of the tirst radial.

IS. Radial space in stem.

V. Vascular axis of stem.

Fig.

Fig.

Fig.

Fig-

Fig.

Fig.

Fio-.

Figs.

Figs.

Figs.

Fig.

Fig.

Fig.

Figs,

Figs

Figs. 1-21. Bathycrinus aldkichianus, Wyv. Thorns.

1. Optical section of a piece of stem, cut longitiidiually.

2. Transverse section of stem, central portion, .

3. Upper face of top stem-joint,

4. Upper face of third joint,

5. Upper face of fifth joint,

6. Upper face of ninth joint,

7. U]iper stem-joint,

8. 9. Middle stem-joints,

10, 11. Lower stem-joints,

12-14. Tlie basal ring, .

Fig. 12. From above.

Fig. 13. From the side.

Fig. 14. From below.

1 5. Distal face of first radial,

16. Distal face of second radial, .

17.' Distal aspect of axillary,

18, 19. Distal and proximal faces of the fifth Ijrachial,

20, 21. Proximal and distal faces of an outer brachial,
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PLATE Vllb.

The Letterin" is the same iu all the Fij'ures.

A. Axial cord of ray or arm.

a'. Its branches.

Of. Piimary interradial cords.

B. Basal ring.

Bj. First brachials.

C. Coeloni or body-cavity.

c. Ketwork of connective tissue within the coelom.

L. Interradial linament.

I. BasiraJial ligament.

Id. Dorsal ligament.

li. Interarticular ligament.

.El. First radials.

it,. Second radials.

IC^. Third radials.

ceo. Interradial portion of the circular corannssurc. re. Eectum.
ch. Cavities of the chambered org.an. rm. Muscles uniting the first and second radials.

fg. Fore-gut. i V. Vascular axis of stem.

G. Gut, X. Plexiform gland.

Bathycrikcs aldrichianus, Wyv. Thom,g.

Diani. Page

Fig. 1. Vertical section of the calyx, wdth the lower part of the disk, . x 20 235

Fig. 2. Horizontal section of the basiJ ring, . . . . . x 45 226

Fig. 3. Horizontal section of the calyx at the level of the basiradial

suture, . . . . . . . X 45 228

Fig. 4. Horizontal section of the radial pentagon at the level of the

circular commissure, . . . . . x 20 230

Fig. 5. Horizontal section of the calyx, through the articulation of the

first and second radials, . . . . . x 20 230

Fig. 6.^ Horizontal section of the calyx, through the upper part of the

second radials, . . . .

*

. x 20 231

Fiff. 7." Horizontal section of the calyx, through the middle of the

third radials, . . . . . x 22 231

Fig. 8. Horizontal section of the disk, through the articulation of the

first and second brachials, . . . x 20 232

1 Iu the upper part of thi.s figure a should be a', as in the lower part.

^ On the left of this figure I should be L.
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PLATE YIIL

(ZOOL. CHALL. EXP.—PART XXXII.— 1884.)—Ji.



PLATE VIII.

BaTHYCRIN'US CAMPBELL IANUS, n. sp.

Fig. 1. Calyx and arms separated from the stem aud basal ring,

Fig. 2. The radials aud arm-bases, . . . '

'
.

Fig. 3. Side view of one arm, . . . •.

Fig. 4. Four of the lower arm-joints, from the side.

Fig. 5. Side view of a pinnule, mounted in dammar, .

N.B.—The magnification given above is only njiproximate, as it was not reconleil at tlie time the Plate

was drawn, though I have endtavoureJ to work it out subsequently.
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PLATE Villa.



PLATE Villa.

The Lettering is the same in all the Figures.

A. Axial cord of arm.
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PLATE IX.

Figs. 1, 2. Ehizocrinus lofotensis, Surs.

Diam. Page

Fig. 1. An entire specimen, . . . . . . x 3 259

Fig. 2. The calyx and arms, . . . . . . x 6 259

Figs. 3-5. Ehizocrinus rawsoni, Pourtales.

Fig. 3. General view of an entire specimen with the exception of the

lowest part of the stem,^ . . . . . x 2 262

Fig. 4. Portion of an arm, from the side, . . . . x 12 60

Fig. 5. Dorsal aspect of an arm, . . . . . x 12 60

N.B.—The magnification is only approximate, as in PI. VIII.

' This figure was drawn from a dry specimen, parts of which Lad shown a tendency to separate ; and the gaps had

consec|uentIy been filled up with gum. In consequence of this the syzygy between the first two brachials of the middle

ray was wrongly drawn as a muscular joint like that between the second and third brachials. It should have been

represented as a simple line without any gap between the joints, like the syzygies in the remaining part of the arm.
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PLATE X.



PLATE X.

The same Letters occur in both Figures.

hr. The plug of calcareous tissue in the centre of the radial funnel, which was called a basal rosette by Sars.

vrf. The ventral radial furrows of the calyx.
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PLATE XL
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PLATE XL

Pentacbinus asteritjs, Linn., sp.

Natural size, p. 300.
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PLATE XII.



PLATE XII.

Figs. 1-14. Metaceinus angulatus, n. sp.

Figs. 1, 2. Upper and lower views of the basal ring,

Figs. 3, 4. Proximal and distal faces of the fourth (axillary) radial,

Figs. 5, 6. Proximal and distal faces of the third radial,

Figs. 7, 8. Proximal and distal faces of the epizygal of the second

radial, .......
Figs. 9, 10. Proximal and distal faces of the hypozygal of the second

radial, .......
Fig. 11. Lower or dorsal aspect of a first radial,

Fig. 12. Distal articular face of a first radial, . . . .

Figs. 13, 14. An isolated basal, from below and above,

Diam. Page

X 3 291

X

X

3

3

9

48

48

X
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PLATE XIII.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fie.

Fig.

Figs

Fis.

Fig.

Fm.

Fig.

Fis.

Pentacrinus asterius, Linn., sp.

1. The calyx and arm-bases, . . . . . x

Figs. 2-4. A nodal joint from the upper part of the stem.

2. Upper face, ......
3. Lower face, ......
4. Side view, ......
5. A nodal joint from the lower part of tlie stem ; lower face,

6. The same ; upper face, . . . . . x

7. Portion of an internode from near the top of the stem, . x

8. Nodal and internodal joints from the lower part of the stem, . x

9. Face of a young internodal joint,

10,11. Faces of older internodal joints. .

12. Terminal face of a pinnule-joint, . . . . x

13. Termination of an arm, . . . . . x

14. One of the middle arm-joints and its pinnule, . . x

15. The ambulacral skeleton of an outer pinnule,

IG. Ventral aspect of the basal joints of a lower pinnule,

the development of its ambulacral skeleton.

showino-

Diam.

2

5

5

5

4

4

2

2

5

4

5

2

4

30

10

.Page

300

17

17
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17

17
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15

17
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79
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PLATE XIV.

Pentacrinus MiJLLERi, Oersted.

Natural size, p. 306.
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PLATE XV.

Pentacrinus mulleei, Oersted.

Fig. 1. The calyx and arm-bases,

Fig. 2. Another specimen with four radials, .

Fig. 3. An arm of this specimen (Martinique),

Fig. 4. Portion of the stem, .

Fig. 5. Face of an internodal joint,

Fig. 6. Lower or syzygial face of a nodal joint,

Figs. 7, 8. The ends of two pinnules, showing the termination of the

ambulacral skeleton ; from the side,

Fig. 9. The same ; from above, ....

X
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PLATE XVI.

Pentacrinus macleaeanus, Wyv. Thorns.

Diam. Page

Fig. 1. The entire specimen, . . . . . .x2312
Fig, 2. The end of a pinnule ; from the side, . . . . x 12 55

Fig. ,"). ^'ciitral aspect of the liasal joints of a pinuuh\ showing the

development < if its ambulacral skeleton, . . . x 12 80
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PLATE XVIII.

Pentacrinus wyville-thomsoni, Jeffreys.

Fig. 1. The head, with the upper part of the stem,

Fig. 2. The calyx and arm-bases.

Fig. 3. A young specimen, ....
Figs. 4, 5. Upper and lower views of the radial peutagou.

Figs. 6, 7. An isolated basal from below and above,

Figs. 8, 9. Proximal and distal faces of the third (axillary) radial,

Figs. 10, 11. Proximal and distal faces of the second radial,
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PLATE XIX

Pentacrinus wyville-thomsoni. .Teifrcys.

Fig. 1. An entii'C specimen, .....
Fig. 2. Portion of an internode from near the top of the stem. .

Fig. 3. Nodal and internodal joint.* from thi' upper part of the stem.

Fig. 4. Nodal and internodal joints from the lower piut of the stem.

Fig. 5. Portion of an internode from the lower part of the stem.

Fiff. 6. Interradial view of the calvx and arm-bases.

Fig. 7. Radial view of the same parts in another specimtu..
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PLATE XX.

Pbntacrinus WYViLLE-THOMSONi, Jeffreys.

Figs. 1-3. The rina; <jf united basals,.....
Fig. 1. From below.

Fig. 2. From above.

Fig. 3. From the side.

Fig. 4. The central plug of limestone network within the calyx ; from

above, ......
Fig. 5. The same ; from below, ....
Fig. 6. Interior view of the calyx, after removal of two radials an<

one basal,......
Figs. 7-9. The rinsj of united radials,....

Fig. 7. From the side.

Fig. 8. From above.

Fig. 9. From below.

Diam.

X 10

Page

282

X
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PLATE XXL

Pentacrinus wyville-thomsoni, Jeffreys.

Fig. 1. A third or axillary radial,

a. Distal face,

6. Side view,

c. Dorsal view,

d. Proximal face, .

e. Ventral surface,

Fig. 2. A second or axillary distichal,

a. Distal face,

&. Side view,

c. Dorsal view,

d. Proximal face,

.

e. Ventral surface,

Fia;. 3. A first distichal.

a. Ventral surface,

h. Proximal face,

.

Fig. 4. A first brachial,

a. Ventral surface,

h. Proximal face,-,

c. The proximal face of another specimen

Fis. 5. A second radial.

«. Distal face,

h. Ventral surface,

c. Proximal face, .

Fig. 6. A first radial, .

a. Fi-om beneath,

.

h. Side view,

c. From above, .

d. Distal face,

Fig. 7. An isolated basal,

a. From beneath,

,

h. Side view,

Diam.

X 10

X 10

X 10

X 10

X 10

X 10

X 10

Page

313

9

38

50

313

9

38

50

313

38

38

38

313

50

313

125

125

125

9

313

293

125



The Voyage o£ H.M. S . "ChallerL^ei- CnTLoidea.H-XXI,

Geo West iiVn- WB.C, ,lir.

PENTACRINUS WYVILLE - THOM SON I , Jeffreys.

"We stNevvmaJX& C? i-avc





PLATE XXII.



PLATE XXII.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Figs,

Fig.

Fig.

Fio-.

Fig.

Fig-

Fig.

Fig.

Fig.

Fig.

Fig.

Figs,

Figs,

Fig.

Fig.

Pentacrinus wyville-thomsoni, Jeffreys.

1. One of the upper stem-joints,.....
2. The top stem-joint of a young specimen with a smaller one in-

terpolated above it, .... .

3. A small interpolated joint, . . . . .

4. Another interpolated joint, somewhat younger,

5. An older joint from the upper part of the stem, with an impres-

sion on its upper surface in which rested the young joint

shown in fig. 4, .

6. The upper face of a young nodal joint,

7. A young iuternodal joint, .....
8. A somewhat older iuternodal joint, ....
9-12. Young iuternodal joints from the growing part of the stem,

with smaller ones interpolated above them at different stages

of development, ......
13. An older, but stiU immature iuternodal joint, .

14. A young iuternodal joint from the upper part of the stem,

15. Upper face of a young nodal joint from the upper part of the

stem, .......
16. Lower or syzygial face of a nodal joint from the middle of the

stem, .......
17. Lower face of a supra-nodal joint from the upper part of the

stem, .......
18. Upper face of the corresponding nodal joint, .

Figs. 19-24. Mature joints from a little below the middle of the

19. Upper face of a nodal joint,

20. Its lower or syzygial face,

21. The upper face of an infra-nodal joint,

22. Its lower face,....
23, 24. Ordinary iuternodal joints,

, 25, 26. Old iuternodal joints from the lowest part of the stem,

27. An enlarged nodal joint from the end of the stem with its

lower face rounded and the central canal closed up,

28. Portion of the calcareous network forming the substance of the

stem-joints,
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PLATE XXIII.

Pextackinus WYviLLE-THOMSONi, Jcfircys.

L»iam. Page

Fig.s. 1, 2. Young iuterpolatcd joiuts from near the top of the stem, . x (jO IG

Fig. 3. A somewluit older, but still c[uite immature joint, . . x GO 17
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PLATE XXIV

The Lettering is the same in all the Figures.

A. Axial cord of the ray.

ai. Primary interradial cords.

ar. The secondary (radial) cords resulting from their bifurca-

tion.

B. Basal.

ca. Fibrillar sheath round vascular axis of stem.

'm'. Its radiating extensions.

ceo. Interradial portion of the circular commissure.

ch. Cavities of the chambered organ.

cK. Their downward prolongations into the stem.

die. Fibres of connective tissue which traverse the fibrillar

envelope of the chambered organ.

chn. Tlie nodal enlargements of the peripheral vessels of the

stem (cW).

cv. Cirrus-vessel.

ico. Intra-radial portion of the circular commissure.

L. InteiTadial ligament.

I. Basiradial ligament.

lb. Interbasal ligament.

Id. Dorsal ligament.

Is. Interarticular ligament of stem.

p. Pigment granules.

iJj. First radial.

rp. Plug of calcareous tissue occupying the centi'al funnel of

the calyx.

V. Central vascular axis of stem.

X. Plexiform gland.
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PLATE XXV.

Pentacrinus alteekicirkus, n. sp.

Diam. Page

Head and upper part of stem, . . . . x 2 ^21
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PLATE XXVI.

Pentacrinus alternicireus, n. sp.

Fig. 1. The clisk, .......
Fig. 2. The anal interradius, enlarged, ....
Figs. 3, 4. Inner and outer surfaces of the two outer radials with the

distichals and palmars attached, ....
Figs. 5, 6. The third or axillary radial, ....

Fig. 5. Proximal face.

Fig. 6. Distal face.

Figs. 7, 8. The second radial, ......
Fig. 7. Proximal face.

Fig. 8. Distal face.

Fig. 9. The lower face of a first radial, with one basal remaining

attached.

Fig. 10. Distal face of a first radial,

Fig. 11. The calyx from below.

Fig. 12. Side \dew of a nodal and infra-nodal joint in their relative

positions, .

Figs. 13, 14. Upper and lower faces of a nodal joint,

Figs. 15, 16. Upper and lower faces of the infra-nodal joint.

Fig. 17. Faces of internodal joints, ....
Fig. 18. Various stages in the development of internodal joints,

Diam. Page

X 3 n
X 5 n

X

X

3

3

50

5

X
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PLATE XXVII.

Figs. 1-10. Pentacrinus alternicirrus, n. sp.

Fig. 1. Portion of stem containing two nodal joints ; interradial

view, .......
Fig. 2. Lower or syzygial face of a nodal joint which bears three

cirri, .....
Fig. 3. The corresponding face of a joint bearing only two cirr

Fig. 4. The ambulacra] skeleton of a pinnule ; from above,

Fig. 5. The end of a pinnule ; from the side, .

Fig. 6. The arm-groove and brachial ambulacrum,

Figs. 7, 8. Inner and outer sides of an arm, bearing a pinnule-cyst of

Myzostoma deformator, von Graff,

Fifs. 9, 10. Inner and outer sides of an arm, modified by a cyst of

Myzostoma pentacrini, von Graff,

Diam.
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PLATE XXVIII.

PeNTACEINUS NARESIANUS, 11. Sp.

Diam. Page

Fig. 1. The head, . . . . . . . x U 324

Fig. 2. The stem . r . . . . . x 1^ 324
"O
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PLATE XXIX.

PeNTACRINUS NARESIANUS, 11. Sp.

Diam. Page

Fig. 1. The calyx and lower parts of the arms of aii adult individual . x 2 326

Fig. 2. A young individual, . . . . . . x 1;^ 327
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PLATE XXX.

Pentacrinus nabesianus, n. sp.

Fig. 1. The calyx and lower parts of the arms of au adult individual, .

Fig. 2. The disk, .......
Figs. 3, 4. The calyx ; from above and below,....
Fig. 5. The lower face of a first radial, with one basal remaining

attached, .....
Figs. 6, 7. An isolated basal from below and above,

Fig. 8. A first radial, from beneath, .

Fig. 9. Distal face of a first radial.

Figs. 10, 11. Proximal and distal faces of a second radial.

Figs. 12, 13. Proximal and distal faces of a third or axillary radial,

Fig. 14. Dorsal aspect of the axillary with the two first brachials

attached, .......
Fisfs. 15, 16. Proximal and distal faces of a first brachial,

Fiss. 17, 18. Proximal and distal faces of a second brachial,

Figs. 19, 20. Proximal and distal faces of the hypozygal portion of the

third brachial, .....
Fics. 21, 22. Proximal and distal faces of the corresponding epizj'gal.

Fig. 23. Portion of an arm containing two syzygies ;
side view,

Fio-. 24. The arm-groove and brachial ambulacrum ; from above,

Fiar. 25. Terminal faces of an internodal joint, .

Flo's. 2G, 27. Lower and upper faces of a nodal joint, .

Figs. 28, 29. Lower and upper faces of an infra-nodal joint,

Fig. 30. The two faces of the next joint lielow an infra-nodal, .

Diam.

X 2

X 3

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 4

X 3

X 3

X 5

X 5

X 5

X 5

Page
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77
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293

293

293

9
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PLATE XXXa.

Pentacrinus nakesianus, n. sp.

Diam. Page

Fig. 1. The youngest specimen obtained, . . . . x 2 327

Fig. 2. One of its internodal joints, . . . . . x 13 291

Fig. 3. One of its nodal joints ; upper face, . . . . x 13 291

Figs. 4, 5. Two fragments, probably from the lower part of the stem

of this specimen, . . . . . . x 3 327

Fig. 6. Portion of a full grown stem, . . . . . x 3 12

Fig. 7. One of its internodal joints, . . . . . x 10 327

Fig. 8. The inner. face of an arm from the thii-d to the eighth brachials, x 3 326

Figs. 9, 10. Two syzygial joints from the arm of a young individual.

as seen from the side (fig. 9) and from above (fig. 10), . x 10 327

a. The epizygal.

h. The hypozygal.

Figs. 11, 12. Similar views of a full grown syzygial pair, . . x 10 327
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PLATE XXX I.

Pentacrinus blakei, p. H. Carpenter,

Fig. 1. An entire specimen, . . . . .

Fig. 2. The calyx and arm-bases, ....
Fig. 3. Portion of the stem, .....
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PLATE XXXII.

Fig.

Fig.

Fiff.

Fig-

Figs.

Figs.

Fig.

Fig.

Fig.

Fig.

Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Pentacrinus blakei, p. H. Carpenter.

1. The lower or syzygial face of a nodal joint,

2. The upper face of the corresponding infra-nodal,

3. Face of an internodal joint, ....
4. The two elements of a l)rachial syzygy in their relative

positions ; side view, ....
5. 6. Distal and proximal faces of the hypozygal, .

7, 8. Proximal and distal faces of the epizygal,

9. The two syzygial elements of a distichal axillary in their

relative positions ; side view,

10. Dorsal aspect of the epiz3-gal, .

11. Its distal face,

12. Its proximal face,

13. Proximal face of the hypozygal,

14. Its distal face,

.

1 5. Side view of the two outer radials in their relative jiositions,

16. Proximal face of the axillary,....
17. Distal face of the second radial,

1 8. Upper view of the two outer radials in their relative positions,

19. A lower pinnule,

20. An outer pinnule,

X
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PLATE XXXIV.

Pentacrinus decokus, Wyv. Thorns.

Fig. 1. An entire specimen, .....
Fig. 2. The disk, ......
Figs. 3, 4. Proximal and distal faces of the third or axillary radial.

Figs. 5, 6. Proximal and distal faces of the second radial,

Fig. 7. The calyx ; from above, ....
Fig. 8. Inferior aspect of the calyx, ....
Fig. 9. The uppermost stem-joint, ....
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PLATE XXXV.

Pentaceinus decorus, Wyv. Thorns.

Fig. 1. The youngest specimen obtained by the " Bhake,"
. ^ ^T

^'^'

Fig. 2. A slightly older individual,
• X 4 336
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PLATE XXXVI.

Pentacrinus decoeus, Wyv. Thorns.

Diarn. Page

Fig. 1. Calyx aud arm-bases of a premature individual with large

basals, . . . . . • . x 4 336

Fig. 2. The lower part of the stem of the same specimen, . . x 4 335

Fig. 3. Calyx and arm-bases of another young individual with small

basals, . . . . . . . x 4 336
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PLATE XXXVII.

Pentaceinus decorus, Wyv. Thorns.

Fio-. 1. Tlie calyx and arm-bases of a premature individual with large

basals ; interradial view, .....
Fio-. 2. Radial view of a similar specimen with no cirri on one face of

the stem, . . . . . . .

Fio-. 3. The syzygial face of one of the distichals, . • .

Fig. 4. The syzygial face of a brachial, ....
Fig. 5. A nodal joint from a young stem ; from the side,

Fio-. C. The lower or syzygial face of the same joint,

Fig. 7. Side view of an infra-nodal joint from a young stem,

Fig. 8. Its upper or syzygial face, .....
Fig. !'. <H^p of the faces of an internodal joint from a young stem, .

Fia". 10. All interpolated joint from the growing part of the stem,

Fig. 11. The upper face of a young nodal joint from the top of

the stem,.......
Fig. 12. Its lower or syzygial face, .....
Fio-. 13. A young internodal joint from near the top of the stem,

Fio-. 14. Tlie upper face of a very young nodal joint witli a small inter-

polated joint resting- upon it, . . . . X 7 16

Fig. 15. Upper face of a young nodal joint with an interpolated joint

lying on it, and almost concealing it,

Fio-. ifi. Tlie lower face of the same joint.

Figs. 17, 18. The lower and upper faces of a premature nodal joint.

Fig. 19. The upper or syz5'gial face of a mature infra-nodal joint,

Fis. 20. Its lower face, .....
Fig. 21. The lower or syzygial face of a mature nodal joint, .

Fig. 22. Its upper face, .....
Figs. 23, 24. Portions of the araliulacral skeleton of two pinnules,
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PLATE XXXVIJI.
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PLATE XXXVIII.

Metacrinus angulatus, n. sp.

Natural size, p. 345.
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PLATE XXXIX.

Metaceinus angdlatus, n. sp.

Fig. 1. The calyx and arm-bases,

Fig. 2.

Fig. 3.

Figs. 4,

Figs. 6,

Fig. 8.

Fio-. 9.

Fig. 10.

Fig. 11,

Fis. 12,

Fig. 13.

The disk ; an abnormal specimen, having a second smaller anal

tube by the side of the ordinary one,

Portion of the stem,....
5. Upper and lower faces of a nodal joint,

7. Upper and lower faces of an infra-nodal joint.

An ordinary internodal joint.

Lower face of a supra-nodal joint,

Internodal joint of a varietal form of stem, .

Side ^dew of a portion of this stem, .

The ambulacral skeleton of a j)iuuule ; from above,

An arm-groove and brachial ambulacrum,

X
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PLATE XL.

MeTACPJNUS CINGULATUS, n. sp.

Natural size,- p. 347.
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PLATE XIJ.



PLATE XrJ.

Figs. 1-4. Metaoeinus ciNGULATrs, n. sp.

Fig. 1. Portion of the stem, .

Fig. 2. Upper face of a nodal joint,

Fig. 3. An internodal joint,

Fig. 4. Side view of a brachial ambulacrum.

X
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PLATE XLir.

MeTACRINDS MURRAY!, n. sp.

Fig. 1. An entire specimen, ....
Fig. 2. A pinnule from some way out on the free arm,

Fig. 3. A pinnule from the fourth arm-division,

Diam.
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PLATE XLIII.

Metacrinus nobilis, n. sp.

Fig. 1. The stem,

Fig. 2. The calyx and arm-bases,

Fig. 3. The disk.

Fig. 4. Portion of a rav,

X
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PLATE XLIV.

Metacrinds varians, n. sp.

Fig. 1. The stem,

Fiw. 2. The calyx and arms,

Diam. Page

X 2 342

X 2 353
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PLATE XLV.

MeTACRINOS MOSELEYI, 11. sp.

Fig. 1. A young iudividual, ....
Fig. 2. An internodal joint, . . .

Fig. 3. Tlie upper or syzygial face of an infra-nodal joint,

Figs. 4, 5. Upper and lower faces of a nodal joint,

Fig. 6. Portion of the stem, ....
Fig. 7. Portion of an arm, with commencing Myzostoma-cyst



fUMS-th.. CrinoideaPl.XiY.

erjeauk Highley. del. eb lith

.

PH.C.dir.

METACRINUS MOSELEYl. Sp n.

Heinliart imp





PLATE XLVL

(ZOOL. CHALL. EXP. PART XXXII.— 1884.)— li



PLATE XLVL

Metaceinus MOSELEYI, U. sp.

Diameter 2^ (circa), p. 357.
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PLATE XLVII.



PLATE XLVII.

Figs. 1-5. Metacrinus wyvillii, n. sp.

Figs. 1,2. Portions of the stem, . . .

Figs. 3, 4. Upper and lower faces of an infra-nodal joint,

Fig. 5. Upper face of a nodal joint, . . . . .

Figs. 6-9. Metacrikus varians, n. sp.

Fig. 6. Portion of the stem, commencing with an infra-nodal joint

and inverted, ....
Figs. 7, 8, Lower and upper faces of a supra-nodal joint,

Fig. 9. Upper face of a nodal joint, .

Fiff. 10. Tlie end of a pinnule ; from above, .

Fig. 11. The lower part of a pinnule ; from the side, .

Fis. 12. The arm-g;roove and brachial ambulacrum,

X
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PLATE XLYIII.

Metaceinus wyvillii, n. sp.

Diara. Page

Fig. 1. The calyx and arms, . . - . x 1^ (circa) 358

Fig. 2. The stem, . . - . • x li (circa) 342
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PLATE XLTX.



PLATE XLIX.

Metacrinus costatcs, n. sp.

Fig. 1. An entire specimen, ....
Fig. 2. The calyx of an individual in which basals are absent,

Fig. 3. Portion of the stem, ....
Fig. 4. An internodal joint, ....
Fig. 5. Upper face of a nodal joint, .

Fio-. 6. The lower portion of one of the outer pinnules ; from the side,

Fi<r. 7. The ambulacral skeleton of one of the lower pinnules; from

above, ....-••
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PLATE L.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Figs.

Metacrinus nodosus, n. sp.

1. The calyx and arm-bases, ....
2. Oblique view of the disk from its anterior end,

3. Portion of the stem, ....
4. Nodal and infra-nodal joint of the stem ; from the side,

5. The first radials, with the hj-pozygals of the second, as seen 1

from beneath after removal of the basals,

6. The same ; from above, ....
7, 8. Proximal and distal faces of the epizygal of the second

radial, ......
Figs. 9, 10. Proximal and distal faces of the third radial,

Figs.

Figs.

Figs.

Figs.

Figs.

Figs.

11, 12. Proximal and distal faces of the hypozygal of the fourth

radial, ......
13, 14. Proximal and distal faces of the epizygal of the fourth

radial, ......
15, 16. Proximal and distal faces of the fifth radial,

17, 18. Proximal and distal faces of the sixth or axillary radial

19, 20. Lower and upper faces of an infra-nodal joint, .

21, 22. Lower and upper faces of a nodal joint,

Diam.

X 2

Page

364

X 3 (circa) 81

X 2 364

X 4 366
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PLATE LL



PLATE LI.

Fig.
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PLATE LII.

Metacrinus interruptus, n. sp.

Fig. ]. An entire specimen, .....
Fig. 2. Portion of the stem, .....
Fig. 3. Face of an internodal joint, ....

N.B.—The sides of this joint are somewhat more hollowed than is usually the case.

Fig. 4. Upper face of a nodal joint, . . . . . x 9 368

Fig. 5. The termination of the ambulacrum on one of the small outer

pinnules; from the side, . . . . . x 10 55

Fig. 6. Upper view of the ambulacral skeleton nearer the base of the

pinnule, . . . . . . . x 10 367
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PLATE LTII.



PLATE LIII.

Figs. 1-6. Metacrinus tuberosus, n. sp.

Fig. 1. Portion of the stem, .

Fig. 2. Lower face of a supra-uoclal joint,

Fig. 3. Upper f;xce of a nodal joint,

Fig. 4. An ordinary internodal joint, .

Fig. 5. Lower face of an infra-nodal joint,

Fig. 6. Side view of a nodal joint and the two upper joints of the in-

ternode below it, .
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PLATE LIV.

Figs. 1-4. Antedon accela, n. sp.

Diam. Page

Fig. 1. Ventral aspect of a portion of an arm from its lower third, . x 7 83

Fig. 2. Side view of one of the genital pinnules, . . . x 10 83

Fig. 3. The ventral surface of another genital pinnule, . . x 10 83

Fig. 4. The ambulacral skeleton of a later pinnule with the covering

plates closed dowoi, . . . . . x 20 83

Fig. 5. Antedon angusticalyx, n. sp.

Fig. 5. The ventral aspect of an ungrooved genital pinnule, . . x 13 83

Figs. 6, 7. Antedon incerta, n. sp.

Fig. 6. Side view of a genital pinnule with its ambulacrum, . . x 13 83

Fig. 7. The ambulacral skeleton of an arm and the lower parts of the

pinnules, . . . . . . . x 10 83

Fig. 8. Antedon in^qualis, n. sp.

Fig. 8. The ambulacral skeleton of a pinnule ; from the side, . . x 20 83

Fig. 9. Antedon basicurva., n. sp.

Fig. 9. Side view of the ambulacral skeleton of a pinnule mounted in

dammar, . . . . . . . x 30 83

Figs. 10, 11. ACTINOMETRA STROTA, n. sp.

Fio-. 10. The peristome of a dry disk, with the origins of the ambu-

lacra, . . . . . . . X 3 85

Fio-. 11. Vertical section of an ambulacrum of a dry disk. . , x 12 85



heVoyage of H MS/'Challengei
Crmoidea-Pl.LIV.

:aufr.Hj^]iJejclel etliih FH.i

-4 ANTEDON ACOELA, 5. ANT ANGUSTICALYX
. 6.7 ANT. I NCE RTA

8 ANT. INAEQUALIS. 9. ANT. BASICURVA
. 10, 1 1. ACTI NOMETRA STROTA.

-Hajihart imp





PLATE LV.



PLATE LV.

Disks of Comatul^.

Diam. Page

Fig. 1 Disk oi Actinometra juJcesi, n. sp., . . . . x 2 85

A small Isopod is visible witliiu tlie anal tube (see p. 133).

Fig. 2. Disk of Actinometra strota, n. sp., . . . . x 2 85

One of the posterior arms is replaced by two pinnules (see p. 60).

Figs. 3, 4. Disks oi Antedon midtiradiata, n. sp.,

Fig. 5. Disk of Antedon acosla, u. sp., .

Fig. 6. Disk of Antedon angusticalyx, n. sp., .

Fig. 7. Disk of ^n^ecZou &asicajn;a, n. sp., ...

X



Cnnoidea PI LV.

I. ACTINOMETRA JUKESI.Spn. 2, ACTI NOMETRA STROTA Sp n
3,4. ANTEDON MULTIRADIATA, 3p.n. 5.ANTED0N ACOELA Sp n
6.ANTED0N ANGU STICALYX,Spji. 7.ANTED0N BASICURVASpn
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X
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7 ACTINOMETRA M A G N I Fl C A , Sp.n .

e.ANTEDON ROSACEA, Lmck.Sp.

8 ACTINOMETRA STE LLI G E RA, Sp n
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PLATE LVII.

The Lettering is the same in all the Figures

ae. Ambulacral epithelium.

an. Anambulacral plate.

b. RaJial blood-vessel.

c. Connective tissue mesliwork in the coelom.

ep. Covering plate.

cvc. Circumvisceral coelom.

fg. Fore-gut.

(J.
Epithelial lining of the gut.

ijv. Genital vessel.

ib. Interviseeral blood-vessel.

Ip. Labial plexus.

ir. Its radial extensions beneath the ambulacra.
11. Ambulacral nerve.

p. Pigment granules.

re. Rectum.
s. Spinelets on the disk.

sp. Side plate.

siib. Siibambulacral plate.

T. Tentacle.

th. Tentacular branch of water-vessel.

w. Radial water-vessel.

top. Water-pore.

tot. Water-tube.
x. Plexilbrra gland.

XV. Its ventral end which joins the labial plexus.

Fig. 1. Pentacrinus wyville-thomsoni, Jeffreys.

Diam. Pajre

Fig. 1. Transverse section of the disk in the anal interradius, showing

the labial plexus (Jp) and its extensions beneath the am-

l)ulacra {Ir), . . . . . .x40100

Figs. 2-5. Pentacrinus decorus, Wyv. Thorns.

Fig. 2. Vertical section through the outer part of the plexiform gland,

showing its connection vdth the interviseeral blood-vessels, x 100 101

Fig. 3. The upper part of a longitudinal vertical section through the

disk, showing the connection of the labial plexus (?p) with

the genital and interviseeral vessels (gv, ih), and also

with the ventral end of the plexiform gland (xv). The

section cuts the edge of the anal tube (re), but passes to

the right of the mouth, . . . . . x 30 97

Fig. 4. Transverse section of an ambulacrum near the peristome.

This shows the two lateral water-vessels (w), which are

separated by the radial extension of the labial plexus (^?-), x 50 93

Fig. 5. Portion of a vertical section through the periphery of the disk,

showing the interviseeral vessels on the outside of the

digestive canal, . . . . . . x 100 102
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PLATE LVIII.

The Lettering is the same in all the Figures.

at Primary interradial cords. i I. Basiradial ligament.

a?-. The secondary (radial) cords.
|

lb. Interbasal ligament.

£. Basal plate.

\c. Bands of connective tissue in the body-cavity.

ch. Cavities of the chambered organ.

ch'. Their downward prolongations into the stem
e. External epithelium.

fg. Fore-gut.

G. Gut.

ib. Intervisceral blood-vessel.

L. Interradial ligament.

In. Limestone network in the perisome.

Is. Interarticular ligament of stem.

p. Pigment granules.

S'. First radial.

re. Reclnm.
rp. Plug of calcareous tissue within the radial funnel.

y. Central vascular axis of stem.

X. Plesifonn gland.

Figs. 1-3. Pentacrinus decorus, Wyv. Thorns.

Diam. Pass

Fig. 1. Horizontal section through the lower part of the calyx, show-ing

the bifurcation of the primary interradial cords (ai) in

thebasals, . . . . . . x 40 124

Fio-. 2. Horizontal section through the lower part of the radial

pentagon, showing the upward extensions of the cavities

of the chambered organ (ch), . . . . x 40 105

Fio-. 3. The central part of a median vertical section through the calyx,

showing the chambered organ and its connection with the

vascular axis of the stem, . . . . x 40 104

Fig. 4. Prntacrinxjs naresianus, n. sp.

Fig. 4. Portion of a horizontal section of the disk, showing the position

of the plexiform gland (X) between the fore-gut and the

rectum, . . . . . . . x 30 101

Figs. 5, 6. Promachocrinus kergdelexsis, u. sp.

Fig. 5. Portion of a horizontal section of the disk, sho'W'ing the plexi-

form gland (X),

.

. . . . . X 35 101

Fig. 6. A similar section nearer the calyx, . , . . x 35 101
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PLATE LIX.

Tlie LetteiiriK is tlie same in all the Figures.

ac. Counective tissue libres between the auambulacral plates.

ad. The parambulacral extensions of the axial cords into the

ventral perisome.

ac. Anibulacral epithelium.

b. Radial blood-vessel.

c. Bands of connective tissue in the body-cavity.

cp. Covering plate.

cvc, Circumvisceral coelom.

e. External epithelium.

fg. Fore-gut.

G. Gut.

g. Its epithelial lining.

gv. Genital vessel.

Ip. Labial plexus.

n. Ambiilacral nerve.

p. Piguieut granules.

s. Spinelets on the auambulacral plates of the disk.

sa. Sacculi.

so. Spongy organ.

sp. Side plate.

stc. Subtentacular canal

T. Tentacle.

tb. Tentacular branch of water-vessel.

w. Radial water-vesseL

up. Water-pore.

ivt. Water-tube.
X. Plexiform gland.

XV. Its ventral end which joins the labial plexus.

Figs. 1-4. Pentaceinus decorus, Wyv. Thorns.

Fig. 1. Transverse section of a brachial ambulacrum,

Figs. 2-4. Vertical sections of some of the ambulacral plates of the

disk, which bears spinelets and are traversed by fibres of

the parambulacral nerve -plexus {ad),

Diam.

100

50

Page

96

124

Fig. 5. AnteDON rosacea, Linck, sp.

Fig. 5. Vertical section through the left or eastern angle of the

peristome, at the origin of the two lateral ambulacra,

showing the labial plexus (Ij)) and water-tubes (u't), . x 40 98

Figs. 6, 7. Antedon eschrichti, Midi., sp.

Figs. G, 7. Portions of vertical sections of the disk in the neigh-

bourhood of an ambulacrum, showing the parambulacral

nerves (ad), . . . . . . x 100 123

Figs. 8, 9. Promachocrinus keeguelensis, n. sp.

Fig. 8. Portion of a vertical transverse section of the disk behind the

mouth, showing the spongy organ (so) at the side of the

fore-gut (fg), ......
Fio-. 9. Portion of another section of the same series, but in front of

the mouth, showing the upper end of the plexiform gland

{x), part of which is becoming reticular and spongy (xv),

40

30

99

99
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PLATE LX.

The Lettering is the same in all the Figures.

a'. Ventral branch of the axial cord of the arm.
ad. The parambulacral extensions of the axial-cords into the

ventral perisome of the disk.

ac. Ambulacral epithelium.

b. Radial blood-vessel.

c. Bands of connective tissue in the body-cavit}'.

cc. Coeliac canal.

cvc. Circumvisceral coelom.

«. External epithelium.

fg. Fore-gut.

g. Epithelium of the gut.

gc. Genital cord.

gd. Genital canal.

gv. Genital vessel.

ih. Intervisceral blood-vesse

Ip. Labial plexus.

n. Ambulacral nerve.

nr. Its oral ring.

•p. Pigment granules.

sa. Saccnli.

so. Spongy organ.

sic. Subtentacular canal.

ib. Tentacular branch of water-vessel.

w. Radial water-vessel.

wp. Water-pore.

wt. Water-tube.

Fig. 1. AcTiNOMETEA PULCHELLA, Pourtales, sp.

Diam. Page

Fig. 1. Transverse section of an ambulacrum behind the mouth, show-

ing the connection of the genital vessels [cjv) and labial

plexus (/p), . . . . . . X 50 ys

Fig. 2. Antedon carinata, Leach, sp.

Fio-. 2. Portion of a vertical transverse section of the disk in the anal

interradius, showing the connection of the genital vessels

(cjv) and labial plexus (?j:)), . . . . x 50 98

Figs. 3-6. Antedon eschrichti, Miill., sp.

Fig. 3. Portion of a vertical longitudinal section of the disk, which

passes through the peristome, sho-ning the connection of

the intervisceral vessels {ih) with the spongy organ {so), .

Fig. 4. Longitudinal vertical section of the peristome in the direction

of a ray, .......
Fig. 5. Part of a vertical transverse section of the disk in the anal in-

terradius, showing the spongy organ and labial plexus,

Fig. 6. Transverse section of a brachial ambulacrum, showing one of

the ventral branches of the axial cord (a')^ which extend

into the perisome at the side of the food-groove, .

1 This is wrongly lettered ad,.

35

60

40

65

98

97

98

122
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PLATE LXr.

Fig. 1. ACTINOMETRA PDLCHELLA, PourtaleS, SJl.

Diam. Pase
Fig. 1. Vertical longitudinal section of an isolated disk. The section

passes through the edge of the mouth, which is seen just

in front of the large anal tube. The lobular structure in

the centre of the lower part of the disk beneath the fore-

gut is the plexiform gland, . . . . X 10 103

Figs. 2-5. ACTINOMETRA PARVICIRRA, MiiU., sp.

Fig. 2. Vertical longitudinal section of the calyx and disk. The situa-

tion of the chambered organ between the centro-dorsal and
radials is well shown ; as are also the marginal position of

the mouth and the numerous coils of the digestive tube,

from some of which the epithelial wall haa fallen away.

The labial plexus is relatively large in the upper lip [i.e.,

behind the mouth), but is inconspicuous in front of it, . x 7 103

Fig. 3. Transverse section of an ungrooved or non-tentaculiferous arm,

close to the base of a pinnule. The ventral surface is

flat, without any food-groove or tentacular apparatus, and
owing to the backward extensions of the ovaries below

their points of attachment to the genital cord, one appears

in section upon each side of the middle line (p. 110), . x 20 113

Fig. 4. The upper part of a transverse section of a noi-mal tentaculi-

ferous arm at the articulation of two joints, showing the

connection of the ovary and genital cord. In the coeliac

canal is a section of a para.sitic worm, . . . x 25 133

Fig. 5. Transverse section of the lower part of an arm just beyond the

attachment of a pinnule. On the left side are seen three

funnel-shaped water-pores, the inner ends of which lead

into the genital canal containing the triradiate genital

cord, . , . , . . . x 27 96

Fig. 6. ACTINOMETRA NIGRA, r. sp.

Fig. G. Transverse section of an arm through the middle of a joint,

showing the branches of its axial cord. The genital canal

is occupied by a relatively large genital cord, and the

radial blood-vessel is well shown beneath the middle line

of the food-groove, between the ambulacral epithelium

and the water-vessel, . . . . . x 30 121
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1 ACTINOMETRA PULCHELLA, PouRT., Sp. 2-5. ACTINOMETRA PARVICIRRA, Mull., Sp-

6. ACTINOMETRA NIGRA, Sp. N.
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PLATE LXII.

Explanation of the Letters.

A. Axial cord of the ray.

a'. Its branches in the dorsal skeleton.

ad. Its upward extensions into the plated perisome of

the ventral side.

ae. Ambulacral epithelinm.

ai. Primary interradial cords.

an. Anambulacral plate.

B. Basal.

b. Radial blood-vessel.

c. The bands of more or less calciiied connective tissue in

the body-cavity.

ca. Fibrillar sheath round the vascular axis of the stem.

ceo. Interradial portion of the circular commissure.
ch. Cavities of the chambered organ.

cK. Their downward prolongations into the stem.

chn. The nodal enlargements of tliese peripheral vessels.

cv. Cirrus-vessel.

D.^, D^. Second and fifth distichals.

fg. Fore-gut.

O. Gut.

g. Its epithelial lining.

gv. Genital vessel.

ih. Intervisceral blood-vessel.

I. Basiradial ligament.

Id. Dorsal ligament between the ray-joints.

li. Interarticular ligament.

Ip. Labial plexus.

M. Mouth.
m. Muscle.

n. Ambulacral nciTe.

nr. Its oral ring.

oh. Oral blood-vascular ring,

-fii, i?3. First and third radials.

re. Rectum.
ri>. Plug of calcareous tissue withiu the radial funnel.

s. Spinelets on the anambulacral plates.

sic. Subtentacular canal.

suh. Subambulacral plate.

«y. Syzygy.
V. Central vascular axis of stem.

W. Radial water-vessel.

v~i>. Water-pore.

wr. Water-vascular ring.

wt. Water-tube.
a. Plexiform gland.

X.V, Its ventral end which joins the labial plexus

ExplaJiation of the Colours.

Black—The uervous system, l)oth ambulacral and antambulacral.

Green—The water-vascular system.

Red— The blood-vascular system and the plexiform gland.

Diagrammatic longitudinal section of a Pentacrinus decoi-us. On the right side of the

figure the section cuts the anal tube, and on the left side it passes along a ray

and the base of an arm.
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