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w„hen Alexander Agassiz iiiadf known the results ubtaiiied from the dredg-

ings in deep water executed in the year 1868 between Cuba and the Florida Reef

by the late Count Louis-Francois de Pourtales, ') there was, among numbers of Echi-

noidea then for the first time brought to light, none that excited more wonder and

curiosity than the very singular animal desci'ibed under the doubly appropriate name

of Pourtalesia miranda Al. Ag. Nor was the interest its strange and abnormal aspect

awakened in any way lessened, when the same author, in his great work on the Echi-

noidea, ^) gave a description, accompanied with figures drawn by himself, and the late

Sir Charles Wyville Thomson, shortly afterwards, added two new species, Pourtalesia

Jeffreys! and P. phiale, and at the same time threw fresh light upon several impor-

t-ant points in the structure of the former of these. ^)

Alexander Agassiz had the extraordinary kindness to lend me, for inspection

and study, his unique specimen of Pourtalesia miranda. Such is, however, the exces-

sive thinness and fragility of this species, that I did not feel warranted to do more

than subject it to repeated, but superficial examination, confirming the general accuracy

of the original description and figures, and to speculate, during the long time it was

allowed to remain with me, upon the presumable morphological relations existing be-

tween the parts composing its skeleton and the corresponding parts in the other Echi-

noidea, which had then for several years been to me a subject of some study.

In the mean time ray Norwegian friends, in the course of their well-planned and

highly successful surveji", on board the Steamer »Voringen», of the Hydrography and

Biology of the North Atlantic, had the good fortune to fall in with a habitat of Pour-

talesia Jeflfreysi, and, with a liberality 1 cannot too amply acknowledge, through one

of their staff, D:r D. C. Danielsen of Bergen, placed at my disposal several more or

less uninjured specimens as well as some fragments of that species, and thus afforded

me the long wished for opportunity of examining, fully and at leisure, the most extra-

ordinary Echinoid hitherto known.

I have also to express my deep obligations to the late Sir Wyville Thomson,

who most kindly came to my aid with a few specimens of Pourtalesia^ collected

') Preliminary Report on the Echini and Starfishes dredged in deep water between Cuba and the Florida

Reef, by L. F. de Pourtales, Assist. U. S. Coast Survey; prepared by Alexander Agassiz. Bulletin

of the Musenm of Comparative Zoology, Cambridge, I, N:o 9, Oct. 1869; p. 272.

-) Illustrated Catalogue of the Museum of Comparative Zoology at Harvard College. N:o VII. Revision

of the Echini by Alexander Agassiz, p. 344, PI. XVIII.

') Wyville Thom30N, the Depths of the Sea, p. 108, fig. 12. — On the Echinoidea of the »Porcupine» Deep-

sea Dredging Expeditions. Phil. Trans. Roy. Soc. London, Vol. 164, pt. 2. p. 747, pl. LXX, LXXI.
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by the Challenger Expeditioi), iiiid described by Alexandek Agassiz. ') When they

arrived, the description of P. Jeffreys! was long finished and the five first plates en-

graved. Although the specimens were in a very fragmentary condition, they permitted

me to add some facts of importance.

In the following pages I have laid down the results of my studies on the mate-

rials thus afforded, and also some observations, old and new, on certain particulars in

the structure of other Echinoidea that have not hitherto met with the attention they

deserve, and the knowledge of which is necessary in order fully to appreciate the re-

markable characteristics of the Pourtalesia;.

I. GENERAL FORM OF THE SKELETON.

The skeleton of tlie Ecliinoidea, its terminology, bilateral symmetry, autero-posterior axis, and peristomal

formula. The skeleton of Pourtalesia.

In the whole of the Echinoidea the skeleton is a hollow sack inclosing the visceral

cavity, and constituted by the three distinct systems: the perisomatic or interradial,

the ambulacral, and the calycinal or apical, all simultaneously present in the adult

animal, and in view outwardly. Each of these systems is composed of a number of

more or less flattened ossicles of definite outline, contiguous and arranged in regular

order, rarely imbricated, and consisting in most cases of a calcified, reticular and rigid

tissue, continually in a state of resorption and renewal, and extending between the

dermal tegument with its dependencies, and the subjacent connective tissue with the

peripheral nerves, on the outside, and the peritoneal lining of the visceral cavity, on

the inside.

For the sake of brevity I shall here, as in my former work, ^) designate by num-
bers the divisions of each of these systems. Thus among the five anabulacra the one

which is anterior and frontal will be marked III, the two on its right II and I, and

the two on its left IV and V. The interradial areas will be denoted by the numbers

1 to 5, counting from the lateral right hand one, 1, to the posterior odd one, 5. Within

tlie calycinal system the ossicles contiguous to the ambulacra will bear the correspon-

ding numbers of these: I . . . V, while those adjoining the interradia will be numbered

accordingly, 1 ... 5. It is of course altogether indifferent how these numbers are applied

from the first, provided only the order once chosen be adhered to. It seemed con-

venient to make the recognised frontal ambulacrum of the Exocyclic number III, from

its having a medial position relatively to each of the two pairs, II and IV, I and V,

and from III being the mean of I + V as of II + IV.

') Proc. Araer. Acad., XIV, 1879, p. 265. — lleport on the Echinoidea of the Voy. of the Challenger, p. 124.

-) Etudes sur les Echinoidties. K. Sv. Vetenskaps-Akademiens Handliiigar. Vol. XI, N:o 7. With 53

plates. Stockholm 1874.
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As far as the skeleton of the Ecliiiioidea has been subjeeted to a somewhat ac-

curate and detailed investigation, it has invariably come to light that it is in no wise

to be regarded as a radiate structure in the sense of the Cuvierian System, but that

its constituent elements are, in reality and fundamentally, arranged bilaterally and

symmetrically on the two sides of a mesial plane indicated by its antero-posterior

axis. The completely bilateral structure of the larva is in reality never totally dis-

carded in the adult, though profoundly obscured. With the bilateral conformation in

the adult we have long been familiar, manifest as it is in the later forms of the Ar-

chajonomous*) type, for instance in the Clypeastrida;, of Cenozoic origin, and in the whole

of the Neonomous ") type, as in the Spatangida3, known to us from the Cretaceous period

and onward, and in the other forms called Irregular, that come into view during the

Mesozoic time. But when we trace back the Echinoidean type into still older periods,

those manifestly symmetrical forms are lost, and the class is represented solely by the

Cidaridaj and others, in which the perfectly circular ambitus of the test and the appa-

rent similarity of all the five ambulacra as also of the interradial areas of the peri-

some to one another, are such as seemingly to exclude any idea of their skeletal ele-

ments being subject to bilateral symmetry. Nevertheless, and whatever may have been

the case with their predecessors, the little known Perischo-echinida3, a closer inspec-

tion reveals in the antique Cidarida? and their allies a bilateral mode of conformation

concealed beneath the deceptive appearance of radiate disposition, exactly identical

with that plainly in force in all the rest of the Echinoidea, recent as well as fossil,

at present known. ^) This is another instance of the validity of one of the laws more
than once ascertained to underlie evolution, namely that structures which are to be

gradually, but forcibly worked out during the course of geological ages into specialised

and highly characteristic features, are virtually present within the fabric of the earlier

forms, though dormant and, as it were, lying in abeyance, and to be detected only by

a close scrutiny. Such is the case with the antero-posterior axis of the Echinoidean

skeleton. In the Exocyclic it manifestly divides lengthwise one of the five ambulacra

and the opposite interradial area, and the stomo-proctic axis lies in its plane. In

most of these forms the ambulacrum which thus becomes the frontal one, III, at its

aboral, that is dorsal termination has on its right the one among the ossicles of the

calycinal system which in the adult is permeated by the madreporic apparatus, or

through which, in the young, this begins to break out from the interior. Now in the

Endocyclic forms, of antique origin, which have the stomo-proctic axis vertical and

ending dorsally with piercing in its middle or sideways the dismembered central ossicle,

the madreporal filter is invariably and permanently restricted to one of the calycine

ossicles alone. To any one believing in the consistency of nature's ways, there is no
reason whatever for doubting that this ossicle is strictly homologous to the one which,

in the Exocyclic, harbours the madreporite. Acting upon this legitimate supposition

Desoe and Cotteau in their important Avorks, differing in this point from Johannes

MuLLER, and from Louis Agassiz, invariably adjusted conformably to it all the forms

') ^QXai6vo(.iog, old-fashioned. -) Neog, new, vofiog, custom, law. ^) Etudes, p. 11— 46.
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described, regular and irregular. And that such and such alone is the true and normal

position necessarily to he maintained in every case, and to be neglected only at the

risk of creating confusion, is proved beyond the possibility of a doubt by the circum-

stance, that the peristomal formuke:

1 a, J I a, m b, [V ,1, V b,

I /^ II t>, III rt, IV b, V a,

in the third and lifth meud)ers of which <t is changed into b and, invertedly, h into

a, and which are of universal validity in the irregular forms, hold good with e(|ual

consistency in the Endocyclic, but solely and exclusively on that one of the ambulacra

whicli has the madreporite on its right, being recognised as the front ambulacrum. III,

and placed foremost, and in no other position whatever '). Then the five ambulacra,

similar to one another as they apparently are, separate into the trivium, II, III, IV,

and the bivium, I, V, while the peristome, traversed potentially by the antero-posterior

axis, though in most genera it remains strictly circular or pentagonal, in others, for

instance in Heterocentrus and Colobocentrus, is seen to deviate slightly from the

regular form, and that precisely in the direction of tliis same axis, so as to present a

distinctly deeper incurvation between the two ambulacra of the bivium, Avithout regard

to the direction of the longitudinal axis ").

All this will now be perfectly clear, and it may |)erhaps seem little worth men-
tioning that if any two different forms of Echinoids are compared together with

regard to their peristomal formuke, the sequence of the terms of these will invariably

be the same in both, provided tliat the counting is begun at homologous points. If,

on the contrary, while in the Exocyclic Echinoid the undisputed frontal is maintained

as III, in the Endocyclic any other ambulacrum except that which has the madreporite

on its right is tried, the formuki3 Avill disagree all around, until that ambulacrum becomes

the frontal. III. Then the two formulae, the Endocyclic and the Exocyclic, will at once

coincide, thereby proving the adjustment to be true. All this is self-evident, and in

no way affects the significance of the formukv relatively to the determination of the

antero-posterior axis.

The normal form of the single plates that compose the perisoraatic and ambulacral

systems is the hexagonal, which regularly manifests itself, whenever the growth of the

plate is not affected in consequence of its being appropriated to some special use or

by pressure from other plates of its own system or from contiguous plates of other

systems.

In regard to these general features: the distinctness of the three systems, their

bilateral disposition, the division of the ambulacral in a bivium and a trivium, the

normally hexagonal form of the plates, Pourtalesia JeftVeysi and its allies accord with

the other Echinoidean types and approach the Spatangidas.

In its general form, PL 1, Pourtalesia Jeffreysi is very unlike any other Echinoid

hitherto met with. When placed with the oral end foremost and so as to be seen

in its dorsal, jig. 1, or ventral aspect, fig. 2, its skeleton presents an outline which

Etudes, p. 13. 20, 27, 29, 36. -) lb., p. 26, pi. XVIII, f. 157, 158.
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has been well compared to that of an inverted short-necked bottle, while in the side

view, jig. 3, the front line appears bluntly truncated, and the dorsal line, slightly

more convex than the ventral, is sepai-ated from it behind by a deep depression,

beyond which the test is ventrally produced in a short, contracted, depressed, and

truncated caudal prolongation. The back, in nearly its anterior half, is uniformly

vaulted from side to side, in its posterior half rather more convex, and raised along

the middle-line into a distinct keel, which is continued and somewhat more prominent

on the caudal prolongation. The ventral surface is slightly tumid a little before and

again a little behind the middle. All around the front the test is suddenly bent

inward and backAvard, jig. 2, so as to form a deep ovoidal recess projecting into

the peritoneal cavity, PI. Ill, jig. 10, 12; IV, 18, 19; and, as this incurvation takes

place on the ventral side farther back than on the dorsal, or at about one sixth of

the entire length and a little behind the stoma, the ventral margin of the recess lies

at the hindmost part of a parabolic depression or sinus, the depth of which seems

to vary somewhat. At its bottom and close within the ventral margin is the oeso-

phageal opening of the alimentary canal, PL 111, jig. 12; IV, 18, 19, 20.

The excretory opening is at the bottom of

the hinder depression, PI. 1, jig. 4; 111,- 13, und

the stomo-proctic axis makes an acute angle with

the antero-posterior and longitudinal axis.

The whole of this anomalous configuration

appears, as though it were the result of the dorsal

portion of the body having moved forward beyond

the normal measure, and so as to leave behind

the subanal part of the ventral portion, and as \

though its forepart, produced into a rostrum

projecting ventrally and compressed from both
\

sides, had been drawn in, by invagination, into

the peritoneal cavity, its bridge thereby having The imaginary rostrum

become the highest part of the hollow thus formed.
mvagma u pio m mst.

The vertical transverse section of the test, a little behind its middle, is somewhat

elliptic and slightly higher than broad, the dimensions of the whole being

Specimen 1. Sp. 2. Sp. 3. Wyv. Thomsons sp.

Length 36 mm. 34 mm. 31 mm. 45 ram.

Breadth 18 » 18 » 15,5 » 18 »

Height - 19 » 19 » IG » 20 »

The greatest breadth lies a little higher up than the hjngitudinal axis, and the

greater half of the section therefore belongs to the ventral surface.

The lengthened body and its nearly circular section distantly recall the cylindroid

form of the Holothurite. Among the Echinoids the Spatangi alone offer anything like

it, although the resemblance at last turns out slight enough. Nor is it to their oldest

forms that we have to go in search of it. On their first appearance, as the Cretaceous
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period dawns upon us, the Spatangidse, universally Adete or Prymnadete, that is: devoid

of fascioles or provided with a peripetalous or lateral one only, but never with a

subanal fasciole, were of a short and high, or globose form, as though not very far

removed from a pristine spheroidal type still unseen by us. Genera such as Hemiaster

Desor, powerfully developed and abundant in species, prevailed in the Cretacean seas;

in all of them the vertical dimension Avas considerable relatively to the transverse,

even so as to exceed it, andt he longitudinal dimension did not very largely surpass the

transverse. The dorsal and ventral halves of the test were generally conformable in

outline, the ventral being even more or less convex, the front ambulacrum was rarely

deep, the periproct sub-dorsal, and the stomo-proctic axis made with the longitudinal a

not very acute angle. The thickset form of these antique Spatangi strongly contrasts with

the elongated build of Pourtalesia Jeffreys!. Nor is it that the contrast becomes less

striking, when in a few genera of the middle Cretaceous time the calycinal part of the

test is strongly raised, and at the same time drawn forward so as to make the front

almost vertical, as is the case in certain species of Cardiaster and the closely allied

Infulaster Hagenow. Of this remarkable form I have been able, through the kindness of

Dr C. A. DoHRN of Stettin, to compare a cast *). At the first glance there seems to be

some little resemblance to Pourtalesia, in the convexity of the ventral surface, in the

vertically raised forepart with its slightly sunk ambulacral groove and in the caudal

part projecting a little beyond the anal region, a feature shared in a higher degree

by some Cassidulida3. But with these really unessential features the resemblance ceases,

and, as will be seen hereafter, Pourtalesia in characteristics of primary importance

departs very far from those Cretaceous types. Nor is this dissimilarity diminished in

any res])ect when in the course of geological tiine great changes are seen going on in

the structure and general conformation of the Spatangean type, and other forms are

introduced, Prymnadete as well as Prymnodesmic, thoroughly different from their

predecessors, in the calycinal system opening posteriorly ^) for the reception of the

restored central piece and costal 5, and in the test discarding the high and thickset

build, and assuming more and more the lengthened and depressed form with a flattened

ventral surface, prevalent among the Tei'tiary, and still more among the existing species.

But in the whole number of forms, in which this change has been brought about,

there is not one that comes near Pourtalesia in the cylindroid build of its skeleton,

and the shortness of its frontal part as defined by the paired ambulacra of the trivium,

compared to the lengthening of its hinder and by far greater ])ortion.

It is also in vain looking among the older Spatangida; for anything that may be

said to resemble that most striking feature, the bending in upon itself of the test, by

which the deep infra-frontal recess is produced, with the oesophageal opening at its

bottom. Among those forms that first come in sight, in the oldest Cretacean beds,

Anancites ^) has the five ambulacra all nearly uniform, the front ambulacrum differing

') The collections once made by Fr. v. Hagenow (b. 1797, d. 18fi5), who was blind during the last

eight years of his life, at present form part of the ?(iiniTiiiii,ui MusoHm at Stettin. Dr C. A. Dohrn

and his son Dr H. Dohrn were good enough to srnifli it for the original specimen of Infulaster, but

without success. Oasts in plaster of Paris were however found, evidently taken from it.

-) Etudes p. 12, 8.3. •) lb., pi. XXIV, fig. 181.
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very slightly from the four paired ones. In the other Adetes sharing with Anancites

the want of a compact sternum, the front ambulacrum is already distinct in outline

and in structure; thus in Hemipneustes, Holaster ^), Cardiaster. Then Prymnadete

genera make their appearance, in which the paired ambulacra in their dorsal petaloid

portions, subservient to respiration, are more or less deeply sunk, thus setting forth the

bilateral structure of the body, while the forepart, wliich heads its movements, assumes

a form of its own, allowing the front ambulacrum, with its more or less specialised,

often highly extensible pedicels, to sink more or less deep between the interradia 2 and

3. It was at the close of the Cretaceous time, and in the beginning of the Tertiary

period, that this peculiar independence in form of the front ambulacrum was freely

developed, and the older times have little comparable to the excess it attains in the

species of Schizaster ^), Tertiary and recent, and in the strangely resembling deep-sea

form, Aceste bellidifera Wyv. Thoms '). In these a more or less considerable portion

of the front ambulacrum is deeply sunk, so as to protrude inwardly into the peritoneal

cavity. But this depi'ession begins near the calycinal system, hanging down from the

roof, and, bulging in its middle part, continues decreasing towards the vicinity of the

mouth. In Pourtalesia, on the contrary, it is the ventral portion, from behind the mouth

and onwards, that is inverted so as to rise from the floor of the general cavity, carrying

along with it the peristome and the lip, and raising them into a vertical position, so

as to make nearly a right angle with the antero-posterior axis.

It is from the skeleton of Pourtalesia JefPreysi that this description is taken. In

its principal terms it applies also to the other species of the group, to the somewhat

slenderer P. miranda; the more elongated P. phiale Wyv. Thoms, with its M-idely

gaping infra-frontal recess; the broad P. hispida Al. Ag. ; the more tumid P. laguncula

Al. Ag. and P. carinata Al. Ag., and even to the stout P. ceratopyga Al. Ag. with

its strongly expanded forepart. The two other members of the group, both apparently

Adete, the ovoid Spatagocystis Challengeri Al. Ag. with but a short caudal prolongation,

and the triangular gibbous Echinocrepis cuneata Al. Ag. with the broad forepart and

the subventral periproct, are linked to Pourtalesia by more than one characteristic, but

mainly by that most singular one, the deep infra-frontal recess.

Thus with regard to the general form of the skeleton there is not one among all

the known genera of Spatangidaj, and still less among the other groups of Echinoidea,

to which the Pourtalesia^ bear any closer relation. In that respect, as in most others,

they stand alone at present.

1) Etudes, pi. XXV, fig. 182.

-) Comp. Schizaster antiquus Cotteau, Bull. Soc. Geol., VI, 5G7.

') Voyage of the Challenger, 1, .376. — Ai.. Agassiz, H'p. (hall- Kchiuoidia, 195, pi. XXXII, fig. 7— 11,

XXXIII a fig. 1—7, etc.

Aka.l Hnii.ll, H.llicl HI
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II. THE PERISOMATIC SYSTEM.

The perisomatic system in the Cystoidea and in the Echinoidoa. The anomalous disposition of its ele-

ments in the Pourtalesiadne approachins: to annulose differentiation; the heteronomy of 1 and 4 maintained;

the poriproct, its position in Pourtaiesia similar to its position in the Cassiilnlidit;. The fusciola. The spines.

The perisoioc is the general envelope, and the interradia — the »area3» of Linna^an

terminology — are the portions of it that are exposed to view between the ambulacra

and outside the calycinal system. It alone makes up the whole skeletal sack of some

Cystoidea. In Calloeystites it is easily seen to be continuous under the ambulacra,

which are attached solely by their first adoral plates, but otherwise free. Its suture^s

are clearly observable running under them, and its surface is marked with impressions

/ A

Callocjstltes .Tewetti IIai.l.

Restored: showing the marks left on the (lerisoine by the slightly

raised ambulacra.

Ambiilacniin broken away to show
the marks.

caused by their backs, when at rest and reclining against it. The independent nature

of the two systems cannot be more clearly indicated. Supposed then, as seems at pre-

sent quite lawful, that those movable members, which in the Cystoidea bear the oral

grooves issuing from the corners of the mouth, are homologous to the ambulacra —
the fettered limbs — of the Echinoidea, the question arises whether it may not be pos-

sible some day by skilful manipulation to demonstrate, in some species or other, the

uninterrupted cojitinuation, under the ambulacra, of the interradia, as a very thin mem-
brane. But this is only one of the many questions to be taken up by a thorough in-

vestigation of the liistologj' of Echinoderraata. Another is tliat concerning the relation

of the perisomatic system to the calycinal. In the Cystoidea, — in which every trace of

a calyx is wanting, at least in the adult — the basal part of the skeleton is formed by



KONGL. SV. VET. AKADEMIENS HANDL. BAND. 19. N:0 7. 11

the perisonic alone. It i.s this that has led lue to inquire whethei' in Endocyclic Gnatlio-

stoines, where the primitive dorso-central ossicle is broken up in consequence of the

eruption of" the excretory opening, or, as in the case of Salenia, where a periproct is

formed more or less outside that ossicle, the anal meml)rane Avhich is substituted for

the removed parts, may not l)eh)ng to the perisomatic system, continuous under the

calycinal as well as under the ambnlacral system, and thus forming by itself tlie

whole of the skeletal sack.

Being thus the principal constituent of the exterior of the Echinoidean skeleton,

the perisome has a teiidency to assert its supremacy, so to speak, by intervening

between the two other, or even infringing upon them. I have shown how largely

this takes place among tlie Star-fishes. \) In the young of Asterias glacialis the caly-

cinal system, originally compact and complete in all its parts: central ossicle, five

costals and five radials, is broken up owing to the predominant development of the

j)erisome, by dint of which the central ossicle is replaced by an anal membrane, the

five costals severed from one another almost past recovery, and the five radials

moved far off to the tips of the rays. And among the Echinoidea, when in the

Collyrites the ambulacra of the bivium are seen diverging from their normal position,

the space left open is found to be filled by expanded interradials. Wherever there

is a question of tlioroughly making out the relations of the three systems com-

bined in the Echinodermal skeleton, it is of primary importance to keep in view this

ascendency of the perisomatic system, in virtue of which it is seen in more than one

way, and often in a delusory manner, to mix itself with the otlier systems, and ob-

scure their relations.

The Periseho-echinida are characterised by the presence in each interradium, at

the ambitus, of more than two series of perisomatic plates, out of Avhich the ad-

ambulacral alone attain to the peristome and the calj'cinal system. It was believed

that this mode of structure was limited to the Paleozoic era, and that with the single

exception of the genus Tetracidaris Cotteau, of the Cretacean era, all the Mesozoic,

Tertiary and existing Echinoidea had only two series of ])lates in each interradium.

To this another exception has lately been added. During the latter part of the Tri-

assic period the sea that covered Southern Tjrol was inhabited by a fauna, preserved

at S:t Cassian, "'') in which survivors from the Pala30zoic era, such as Spirigera, Cyrtina,

Retzia and Murchisonia, were coeval with numerous Mesozoic and modern types, then,

as far as we know, appearing for the first time, and species of Orthoceras lingered

among the earliest Ammonites, of an antique aspect. In this assemblage of old and

new the Echinoidea were repi'esented by numerous forms referable to Cidaris and a

single Hypodiadema, and along with these by the very singular little Tiarechiiuis

princeps (Laube) lately described by Neumatr. '') I am indebted to D:r Franz v.

Hauer, and D:r Dionts Stur, of Vienna, for the opportunity kindly oft'ered to exa-

1) Etudes, p. 86, pi. LIII, fig. 256-260.
-) Laube, die Fauna der Schichten von S:t C:assi;\n, VVieiier Deiikscluifti ii, XXIV, XXV. XXVIII, XXX,

1868.

3) Sitzutigs-Berichte d. K. Akad. d. Wiss. \Vien, Abtb. I, LXXXIV, Juni 1881.
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mine carefully the original specimens of tliis species, and thus fully to confirm the

description given by Neumayk, even on points that to liiin seemed dubious; PI. XIII,

fiij. 150—162. The ambitus of the test is more or less oval, the relation between

length and breadth being as 53 : 50, 48 : 48, 39 : 38. The dorsal face, almost entirely

constituted by the calycinal system, is high and hemispherical, the basis fiat, even

concave. The antero-posterior axis, which coincides with the longitudinal, is determined

by two of the ambulacra, those of the bivium, I and V, being notably closer together,

almost adjoining one another, while those of the trivium are more widely separated,

and by equal distances. The stoma is large, conformable to the general ambitus,

and the peristoma, made up of ambulacra! and interradial plates, shows no trace of

notches. The ambulacra, all alike and equal, are expanded at the peristome, and, as

it were, connected there by a narrow somewhat raised margin, then a little contracted,

slightl)- expanding again, while ascending the flanks, and terminating a little above

half the total height. Their zones of pores, diverging near the peristome, are simple,

the plates being all primary, each bearing near the outer margin a geminous jjedi-

cellar pore, placed obliquely, the inner perforation being nearer to the adoral margin.

Inside the pore there is a hemispherical tubercle, smaller and perhaps wanting near the

peristome; the middle part of the ambulacrum is finely granulated.

Regarding the interradia Neumayr thought he observed, in each of them, a single

peristomal plate, followed by three plates separated by vertical sutures. This I have

verified, fig. 152, 154, the exceedingly fine sutures having been made to come forth

distinctly, in all the five interradia of the best specimen, by keeping it immersed in a

mixture of spirits and glycerine, a medium that at times is effectual on refractory

specimens. The first peristomal plates are single, those of 1, 2, 3, 4 equal in breadth

to the ambulacra, that of 5 considerably smaller, all of the same shape, hexagonal.

The single peristomal plate is everywhere followed by three very high, laterally conti-

guous plates, extending to the termination of the ambulacra. Of these the middle one

adorally almost equals the t^vo lateral, and narroAvs upwards, while these expand. The
first plate is smooth, and l)ears a single, central, large tubercle; the three second plates,

smooth in their flattened basal portion, are each provided with a tubercle somewhat
larger than that of the first, the three tubercles making a transverse row, and being

connected by a distinct rounded ridge, which limits the basal surface from the ascen-

ding flanks. All the four tubercles consist of a liemispherical imperforate mamelon
surrounded by a narrow, not very distinct areola. Laterally, and from a little above

the tubercles, the whole dorsal face is thickly covered with oval or roundish granules,

which in the interradials partly assume the appearance of vertical rows.

This disposition of the plates of the interradia is completely foreign to the Endo-
cyclic Echinoids. A single peristomal is a characteristic proper to the Neonomous,
— tlie Echinonei excepted — ; but the triple row following it is without a parallel in

the whole class. The peculiiir form of the middle plate recalls, in a distant manner
it is true, what is seen in certain Cystoideans, in which however it is barely possible

to find out any attempt at order in the disposition of the i)lates of the pei'isome.
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When from this eminently archaic form we turn at once to Pourtalesia Jeflfreysi,

so profoundly contrasting in every particular of its build, the live interradia are found

to conform to the rule prevailing in the Neoiiomous Echinoids, of Mesozoic and later

origin: they all consist of a double series of plates, PL H,
fi'J-

9. The two anterior,

2 and 3, considerably smaller than the lateral ones, 1 and 4, are, as usual, enclosed

between the frontal ambulacrum. III, and the paired ambulacra II and IV. Occupying

the corners of the front, with their inner series of plates drawn in into the infra-

frontal recess along with the ambulacrum III, they rise on either side, and terminate

dorsally within the angles formed by the trivious ambulacra and the calycinal system.

Their plates are, upon the whole, smaller than any other in the whole test. They enter

the peristome each with a single plate 2 i 7, 3 n U PL 11, fig. 9; HI, 12; IV,

18, 19, belonging to their inner series, a long, rather narrow and flexuous plate,

joining anteriorly the a 1 and 6 i of the ambulacrum III, extending along the nearly

vertical sides of the stoma, and meeting ventrally and posteriorly the minute labrum

marked 5, PL II, fig. 9; IV, 16, thus excluding from the peristome the ambulacra

II and IV, I and V. In the same series 2 h and 3 a, this first plate is followed by

a large second plate, joining its entire aboral margin, and preceding a series of ten or

eleven sub-hexagonal oblong plates, soon diminished in size, and ending at the calycinal

system Avith a small squarish or sub-pentagonal plate, PL II, fig. 9 ; V, 25, 26, 27,

28. The outer series, 2 a and 3 b, PL II, fig. 9; III, 12; IV, 18, 19, of ten plates,

commences with a middle-sized plate, 2 a i and 3 b 1, having its hinder extremity

inclosed between the ambulacrals II b 1, 2, o, and IV a, 1, 2, 3, and the interradials

2 h, 1, 2, 3, and 3 a, 1, 2, 3, and thereby excluded from the peristome. It is followed

by nine hexagonal plates, somewhat larger than those of 2 b and 3 a, increasing up

to the fourth or hfth, then diminishing, and joining the calicynal system with an

irregularly squarish terminal plate, PL V, fig. 2.5, 26, 27, 28.

The lateral interradia 1 and 4 are much more expanded, as generally in the

Spatangidse, and especially in the Prymnodesmic genera. They constitute the flanks of

the body. On the dorsal surface their plates are the largest of all, and on the ventral

inferior to the sternum, 5, 2, alone. By an arrangement hitherto without parallel, they

commence, not, as by rule they ought, in the peristome and separately, but apart from it

and jointly, in the middle of the ventral surface, PL I, fig. 2; II, 9; III, 10. As in

most SpatangidaB, Prymnadete and Prymnodesmic, the first plate of these interradia,

though properly belonging in common to both series 1 b and 1 a, 4 b and 4 a, still

seems to appertain more especially to the anterior of them, 1 b and 4 a, ^) so also in

Pourtalesia Jeflfreysi it is the first plates of the anterior series that alone are reci-

procally contiguous, and this along the entire inner margins of their first plates, 1 /, 4 7,

thus separating from one another the first and second plates of the ambulacra I and V.

In the specimens from which the figures PL I, fig. 2, 8; II, 9; III, 10, were taken,

the first plate of the interradium 4 is twice the size of 1, /, and alone in contact with

the ambulacrals I, / and V, /. But in this respect there may be some variation. These

») Etudes, pi. XXVIII—XXXVIII, XL—XLIII.
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two first plates of 4 and 1 are followed in the anterior series on either side by ten

or nine large oblong hexagonal, finally irregularly pentagonal or s<juarish plates.

The hinder series, beginning outside the seconds of the ambulacra I and V, con-

tain each seven separate hexagonal plates, '2—8, among which the \ a :i and 4 b 3

are lengthened, the following slightly diminishing, and rather squarish.

But, after all, strangely displaced and brought out of their normal position in

the peristome as are the lateral interradia 1 and 4 in Pourtalesia Jeffrevsi, they still

retain a peculiarity eminently characteristic of the Spatangidte. In my former memoir

on Echinoidea ') I called attention to the singular deviation invariably met with in the

structure of their interradium 1, the one on the right side of the animal. In all the

known genera of Prymnodesmic Spatangidas, from the extinct Micraster of the Chalk to

Lovenia, ") this heteronomy is so strikingly displayed as not to be overlooked. It is

brought about by the constant combination of the plates 1 a 2 and \ a 3 into one

single compound plate 1 a 2 + 3. It is no less apparent, and effected in a similar manner

in most of known Prymnadete genera, in Hemiaster, Abatus, Agassizia, Schizaster, Moira, ^)

and, among the Adete forms, in Echinospatagus. ^) In Paheostoma '"'), exceptional in other

respects also, the plates 1 a 2, \ b 2, and 1 b 3 are all united into one, while Faorina

and Desoria '') have the plates \ a 2 and \b 2 compounded into one single binary plate.

This same disposition holds good also in the almost extinct group of Adetes, such as

Anancites, '), Holaster, **j Cardiaster, Offaster, characterised by the plates of the inter-

radium 5 following the labrum not being united into a shield-like double sternum, but

separate, transversel}^ pentagonal and wedge-like. In times farther back yet, among
the Collyrites, there seems to have been no trace of the heteronomy.

This striking feature presents itself under a new form in Pourtalesia Jeffreysi,

PI. 1, Jig. 2; II, 9; 111, 10. If in this species the plates of 4 a and 1 h are counted,

there are ten in the former, and only nine in the latter. This may depend on one

plate being wanting in the 1 b series, or on two plates having been united into one.

That this latter is really the case is seen plainly enough. The two hinder series, 1 a

and 4 b, consist each of eight plates, the first, marked 1, 1 and 4, /, belonging in

common to the two series 1 a and 1 6, 4 a and 4 b. When the plates are compared one

by one from side to side, as their numbers correspond, they are found symmetrically

conformable and evident counterparts, from 4 b S and 1 a s to A b 3 and 1 a 3. But

4 6 :^ is not conformable to 1 n 2, the former being distinctly hexagonal, the latter as

evidently pentagonal. This is so because the former, 4 h 2, has to face adorally the

three plates 2, 3, 4 of the series 4 a, while the \ a 2 has to front two plates only.

But the plate 4 a 4 evidently answers to the third in order in 1 b, so this latter must

be marked i h 4 and the plate between it and the plate 1, / set down as 1 b 2 + 3.

Pourtalesia laguncula Al. Ag., PL VI, Jig. 37, presents exactly the same heteronomous

disposition of the identical plates, 1 b: 1, 2 + 3, 4=4 a: 1, 2, 3, 4, and presumably it

will be found to pervade the whole group. It seems sti'ange that the plate 1 b 2 + 3,

>) Etudes, p. 49—52. -) Ih. pi. XXXII—XLIII. ') Ih. pi. XXYI, XXIX, XXX, XXXI. ") Ih. p. 58.

') lb. p. 50, pi. XXXII, fio- 197. 6) [1, pi XXVII. XXVIII. ") 11). pi. V, fisr. 51: pi. XXIV. ii<r. 181.

») lb. pi. XXV, fig. 182—184.
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containing- the matter of two plates, is so out of proportion to the plates 4 a 2 and

4 a 5 taken together, which it represents, but this is often the case also in the Spa-

tangidaj, and, as in these so in Pourtalesia JefitVeysi, one or two among the following

plates in 1 6 to some extent compensate for the defect. And finally the position of

the heteronomy in these very same plates clearly testifies, that the tAvo remaining

innermost plates of the series are really the 1, 1 and 4, 1, and that thus these inter-

vadia, thougli displaced, are complete and normally constituted.

The formulae of the heteronomy in the different groups are:

Adetes: Ananciticlie 1 a 2 + b 2 ^ A a 2 : 4 !> 2.

Prymnadetes : Desoria, Faorina ._ _.. 1 a 2 + b 2 ^ 4: a 2 : 4 /< 2.

» Herniaster— Moira .._ 1 « 2 + a .v = 4 6 2 : 4 A .?.

Prymnodesmians: all the genera 1 a 2 + a 3 = 4 b 2 : 4 h 3.

Pourtalesia: two species 1 b2 + b3 = 4a2: 4a3.

The union, in 1, of two plates into one, which in the great majority of the Spa-

tangida? takes place M'ithin the a series, and in the Adetes and a few Prymnadetes
within both series, a and b, in the Pourtalesia^ is transferred, entirely, to the b series,

a deviation corresponding with their remoteness in other respects. Everywhere the

heteronomy is, on the right, confined to the interradium 1. Evidently connected with

the obliquity represented by the axis fio)^ it is derived from some point in the larval

development not yet understood, a mark, perhaps, recording the heterologous position

of the young Echinus in the interior of its Pluteus. *)

In ascending the tumid flanks of the body, the interradia 1 and 4 in Pourtalesia

Jeft'reysi slightly' incline forward, and terminate in joining again from either side on

the back, nearly at the anterior third of the entire length, PI. 1, fig. 1; III, 11; V,

25—28. There they end, without attaining their proper position, as by rule they ought,

in contact with the calycinal system, being kept apart from it by the intervenience

of the terminal plates of the odd interradium 5. Thus, while ventrally they do not,

as in all other Echinoidea, take their origin separately, in the peristome, between the

ambulacra I and II on tlie riglit, and IV and V on the left, so dorsally they do not

terminate, as conformable to rule, isolated from one another, and at the calycinal

system, l)ut at a distance from it and uniting reciprocally. Below, they break through

the bivious ambulacra; above, they disjoin the posterior odd interradium and take up

among them its detached plates, and all through the space thus opened, they describe

a broad perisomal belt continuously encircling the body around its middle.

Unlike the paired interradia just described, the odd posterior interradium is

represented, conformably to the general rule, in the peristome of Poui'talesia Jeffreysi,

by a true, though very minute labrura, 5, PI. 11, fig. 9; IV, 16. Its position is entirely

within the incurved forepart of the test, and there it is wedged in between the first

plates of the interradia 2 and 3 and the first of the ambulacra II, IV, and I, V. By
the interposition of all these plates the labrum is widely separated from the seconds

of 5, which here, as in the Spatangid*, are formed into a sternum, 5, a h 2, PI. /,

') See Etudes, p. ;37— .39, pi. XVII, li<r. 140.
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fig. 2; 11, 9; 111, 10. But in Pourtalesia this essential constituent of the ventral surface

is not composed of two collateral, lengthwise suturally united plates, but compact, all

of one single piece, shield-like, slightly bulging, pentagonal, widening a little anteriorly,

and having its front margin faintly arcuated. Although, if taken as a whole, surpassing

in size all the otlicr plates, it is considerably snuillei-, relatively to the entire ventral

surface, than the sternum of the Spatangida;, but notwithstanding this and its backward

position, it is at once recognised by its mesial position and its numerous crowded

spines. It is followed hy a pair of well defined and fairly sized episternals, somewhat

lengthened, but else not unlike those of Meoma and Brissus '), crossed, as they ought

to be, by the ventral portion of the subanal fasciola, and contracted a little posteriorly

so as to form on either side, with the first pair of abdominals, 3 a 4, 5 b 4, an open

but distinct episternal angle into which are received the bivious ambulacrals \ d 4 and

Y b 4, PL 11, Jig. 9. By curving upward rather abruptly. Pi. 1, Jig. 3, this first pair

of abdominals and of pre-anals constitute the hindermost blunted end of the test, and

cause the second and third pre-anals, 5, 5 and 5, 0, to form the dorsal, flat or even

slightly concave surface of the caudal prolongation. Of these the first-named, 5, 5, is

traversed by the fasciola, PL 1, Jig. 1, 3; 11, 9. Tlien come three pairs of anal plates,

5, 7, 5, 8, 5, ,9, PL I, fig. 4, diverging sideways to give room to the excretory opening,

and having their inner margins cut out for the periproct, the two first-named forming

its inward sloping sides, PL 1, fig. 4; 111, 13. The third, 5, 9, turns abruptly over

on the back, and is there followed by a forwards directed series of seven pairs of

dorsal plates, 5, hi to 5,ii; which gradually contract, PL 1, fig. 1 ; 111, 11. They are at

first transverse, then somewhat squarish, at last longitudinal, all irregularly hexagonal,

having one of their sides lengthened, and another hinder one very short, thus giving

rise to an almost straight-looking middle suture. It is this part of the back which

is raised into a distinct mesial ridge subsiding into the simple convexity of the pairs

5, Id and 5, 16. In these two pairs the a plate becomes distinctly smaller than the b

plate, in a manner analogous to the checked groAvth of the corresponding plates

observable in certain Spatangida^ "). Situated within the anterior third part of the dorsal

surface, and separating from one another the ternjinals of the bivious ambulacra, the

dorsals 16 of the interradium 5 are there met by the two lateral interradia I and 4,

PL I, fig. 1 ; 111, 11, joining one another from either side, and intervening with their

large plates between them and the calycinal system. But it is only at the first colli-

sion that the dorsals give way. Taking advantage, as it were, of the intersecting

point of the sutures of the four terminal plates of 1 and -I, the odd interradium o

there reappears as 5, 17, rather out of shape, and with the a plate still more I'educed,

PL 1, fig. 1; 11, 9, or altogether lost in the conflict, PL 111, fig. 11. And when, on

the further side of 1 b 10 and 4 a 10, it comes forth again, its two plates, 5, 18, have

resumed their proper size and due pi'oportions, and at the; same time have attained

their legitimate position in close contact with the calycinal system. Thus, in Pourtalesia

Jeffreysi, the sequence of these dorsal plates of the interradium 5 is broken. From

') Etudes, pi. XXX IV, XXXV. -) 11)., p. fiO.
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analogy it seems probable that the continuous series of much reduced plates which

in the Collyrites connects the periproctal area with the dismembered calycinal system,

and keeps asunder the interradia 1 and 4, may be found to consist of true interradials

belonging to the odd posterior interradium 5.

It is important to know whether the highly anomalous disposition of the

perisomatic system in Pourtalesia Jeffreys! is a peculiarity more or less characteristic

of that species alone, or, like the frontal recess, a feature common to all the different

forms of the group. In Pourtalesia laguncula Al. Ag. '), PL VI, fii/. 37—40, the labrum,

5, /, much larger than in P. Jeff'reysi, excluded from the peristome, expands posteriorly,

drives asunder the first plates of I and V, and attains the adoral ends oi \ b 1 and 1

h 2+3, 4 a 1 and 4 a 2, herein very strongly differing from the labrum of that species.

But the interradia 1 and 4, expanded as in P. Jeff'reysi, exhibit exactly the same

dis])Osition by uniting mesially, and forming a continual broad ring passing round the

middle of the body, and where they meet dorsally from either side, their junction is

completed by the interposition of detached plates of the posterior odd interradium 5,

PL VII, Jiff. '.52.

According to the figures given by Al. Agassiz ") of Spatagocystis Challengeri, its

interradia 1 and 4 unite ventrally as Avell as dorsally, and by their interposition, and

that of the ambulacra I and V, tlic labrum is separated from the sternum, which is

very minute and narroAV. Dorsally a row of plates of the interradium 5 separates

them from the calycinal system.

These three forms, therefore, Pourtalesia Jeffreys!, P. laguncula and Spatagocystis

Challengeri, all agree in the annular disposition of the middle region of the perisome

formed by the lateral interradials. 1 and 4; — but they seem to be extreme cases.

For, as far as the fragmentary condition of the specimens available has permitted

me to ascertain these points, Pourtalesia carinata Al. Ag. ^) and P. ceratopyga Al.

Ag. *) as Avell as Echinocrepis cuneata Al. Ag. ^) differ fi-om them in a marked manner.

Like P. laguncula they all have the labrum, 5, /, expanding aborally. In P. carinata,

PL VI, jig. 42, 43, 4,5, 46, as in that species, but unlike what is seen in P. Jeffreys!,

the arabulacrals I, 1 and V, 1 are bi-seriate, a and b, but aborally they are not, as in

P. laguncula, separated from I a and b 2, Y b and a 2, but contiguous to them.

Consequently the interradials 1 and 4 do not join one another on the mesial line,

but are wholly lateral, as they ought to be. They do not, however, form part of the

peristome, being excluded from it by the close contiguity of the ambulacra I and II, V
and IV, bat are to be seen, narrow, deformed and isolated, squeezed in between the

I b 1 and II a i on the right, and the Y a 1 and W b 1 on the left, as if forced out

of their proper places in the peristome. The fragment examined permits me to observe

how the V and IV unite behind the 4, /, and how the 4, 2 makes its appearance outside

the union of V a 2 and IV b 2, fn/. 42, 46, 45. On the right side, where the 1, / is

') Chall. Rep. p. 137, pi. XXII a, W^. 7—15; XXXI, fig. 1—11. -) lb. p. 141, pi. XXVI, XXVI a.

') lb. p. 133, pi. XXVIII a ") lb." p. 134. pi. XXVIII, XXXV l>, lig. 17. ') lb. p. 143, pi. XXVIl,

XXXV a, fig. 9—13.
3

K. Vet. Aka.l. Ihiiull. B.and 11). N:o 7.
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considerably larger, the broken test shows only the junction, behind it, of I b and II a.

The labrum, like that of P. laguncula, is very nai-row adorally, fu/. 42—44, — it is hard

to say whether it reaches the peristome or not, fig. 46, — and enlarges aborally, till it meets

a pair of plates that occupy exactly the place between the ambulacra I and V, regularly

allotted to the sternum, b a b 2. According to Al. Aga.ssiz they seem to carry spines

bigger than others, on closely packed tubercles. From all this it follows that in P.

carinata the interradials 1 and 4 do not join ventrally in the middle, and conse-

quently do not form a continuous ring. Dorsally they are very much tlie same as

those of P. laguncula.

In Pourtalesia ceratopyga, PL VII, fig. 48, 49, 50, with its bi-seriate ambulacrals

I and V, there also appears between them and II and IV, on either side, a wedge-

shaped interradial 1, 1 and 4, /, excluded from the peristome, l)ut on the left side, 4, 1,

not very far from being admitted to its legitimate position in it. Dorsally, yt^. 31, the

interradials 1 and 4 unite, broadly separating the last plates of 5, out of which a few

are pushed forward so as to infringe upon the calycinal system.

Echinocrepis cuneata Al. Ag. ^) ventrally seems to present the same disposition

PL VII, fig. 53. The hrst plates of 1 and 4, excluded from the peristome, occupy the

same places as in the two preceding species, and probably ai'e contiguous to their re-

spective interradia. The labrum, 5, perhaps without reaching the peristome, is produced

aborally, and according to the figure given by Al. Agassiz, seems to reach the ambu-
acrals \ a b '2 and \ b a 2, which separate it widely from the sternum, 5, 2. Dor-

sally, Jig. 54, the 1 and 4 laterally touch the calycinal system, while posteriorly the

ambulacra I and V intervene between it and the last plates of 5.

Thus, within the definite and narrow limits of the little group of the Pourtalesiada%

consisting at present of only ten species distributed into three genera, and held firmly

together by a few essential and constant characteristics, there exists in the perisomatic

system a movement at once foi'cible and anomalous, tending to transform its most im-

portant elements into something unlike every precedent. Ventrally the change may
be supposed to begin with the withdrawal of tlie 4, 1 and 1, 1 from the peristome,

and their secluded reception between I b and II n, V a and IV b, as in Pourtalesia

cai'inata, P. ceratopyga and Echinocrepis cuneata, while these same ambulacrals are left

in legitimate contiguity to the i-espective I a b 2 and V a 6 5; — and to end, in

Pourtalesia Jeffreysi, P. laguncula and, apparent!)', in Spatagocystis Challengeri, with

the entire removal of 1 and 4 from their old places between I and II, V and IV, to

a new position, on the mesial line of the skeleton, Avhere they interrupt the succession

of plates in the ambulaci^a I and V and the interradium 5. Dorsally, while in Echinocrepis

the 1 and 4 can hardly be said to join one another, they in all the other species exa-

mined unite freely and largely, with the intervenience of plates from the interradium 5.

And thus in these three species at least, tlie interradia 1 and 4 combine to form a

continuous ring all around the middle of tlie ])()dy. Once before, early in Mesozoic

time, for a while and not unlike a trial soon given up, a structure resembling

•) Chall. llep. p. 143. pi. XXXV a, fig. 10.
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this was seen, in the (JoUyritida^,, hut imperfect, the ring being open ventrally and

closed dorsally only. In these Pourtalesiai it is complete above as below. This is

a feature hitherto unseen among Echinoidea. With it the appearance of a radiate

disposition of the skeletal elements, still kept up, to no small extent, in the Spatangida?,

is destroyed in an essential degree, and a tendency betrays itself towards an annulose

differentiation of the bilaterally symmetrical constituents of the cylindroid skeleton.

When reflecting on the great difference between Tiarechinus and Cidaris on the one

hand, represented already in the earliest of Mesozoic times, and Pourtalesia on the

other, nowhere recognised among extinct forms, and on the general character of the

succession of varying forms separating their epochs, the idea presents itself that,

while one branch of the Echinoidea, the Archteonomous, has tenaciously persisted in

maintaining its original features, the other, the Neonomous, has been striving all the

time to lay aside the radiate sameness of the ancient structure, and gradually to

approach a higher standard of organisation endoAved with superior appliances for

ministering to the varied activities of life; and that something like such a stage of

its evolution is on the eve of being touched, among the Pourtalesiada-, by means of this

primitive attempt at an annulose differentiation of some of the skeletal elements.

Each of the different groups of Exocyclic Echinoids, Dentiferous as well as

Edentate, on its lirst appearance, has the excretory opening placed at or near the calycinal

system, and from thence, in the course of time, it gradually recedes farther and farther

back. Thus, among the Echinoconida3 '), in Pygaster, the oldest of them, it is dorsal

and still partly calycinal, as though it had just broken through the circle of costals;

in Pileus, of the Middle Oolite, it is dorsal, sub-marginal; in the Oolitic species of

Holectypus it is marginal or ventral, in the Cretaceous ventral and farther removed;

in Discoidea, of Cretaceous origin, it is ventral, in Echinoconus and Anorthopygus

posterior, sub-ventral. In this group therefore, the excretory opening is seen early to

have broken through the calycinal circle, and, when out of it, to retrograde farther and

farther back. But this branchlet of the Dentiferous type was not strong enough to

endure all through the Tertiary period and up to the present era, — its sole survivor,

the Pygaster relictus of the Caribbean sea, is of very diminutive dimensions — , it is

upon the main branch, the Endocyclic, that it has devolved to people the seas of

successive geological ages, and at its side the Dentiferous Exocyclics are actually repre-

sented by the Clypeastridte, of all but Tertiary origin. In these the periproct is far

removed from the calyx, and they present many a feature foreign to the primary types.

Long before their appearance the otlier great branch of the Echinoidea, the

Edentate, not upon record from Paleozoic time, already formed a conspicuous part of

one of the earliest among Mesozoic faunas as yet recognised. From Avhatever point

of the common trunk it may have once originated, whatever may have been its phases

of existence previous to its appearance, and still unknown to science, it gives evidence

enough of having undergone profound modification, and, in assuming new distinctive

features, of having done away with structural formulas deeply characteristic of its elder

») Etudes, p. 79.
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sister-braiicli. And in the wliole course of its development it ('(jiitiiiues to deviate

more and more.

It begins with the Echinoneida3. Galeropygus and Hybocly[jeus, the oldest known,

fi-oni the Liassic and Oolitic periods, with a rounded ambitus, have the excretory

opening close to the calyx; in Galeroclypeus, Pachyclypeus, Desorella, from the Middle

Oolite, it is posterior, even niarginal. In the Oolitic species of Pyrina it is near the

calyx, or at tlie middle between it and the posterior margin; in the Cretaceous species

it is marginal, and it becomes ventral in Echinoneus, Tertiary and recent.

Among the Cassidulida; the Oolitic genera, Clypeus and Pseudodesorelhi, have

the periproct not far removed from the calyx, and the gap is often filled by a pro-

longation of the radials I and V. Out of twenty Oolitic species of Echinobrissus nine

belong to the older division, and iive of tliese have the periproct sub-calycinal, one

not far behind, and three at half the distance between the calyx and the posterior

margin; seven species are Middle Oolitic, and it is sub-calycinal in one of these, at

one fourth, one third, or one half of the distance in five, behind the middle in one.

In the Upper Oolite, of four species, one alone has the vent sub-calycinal, three

posteriorly in the middle, and the three Cretaceous species, as also E. recens, of a

lengthened general form, all have it posterior, at the middle, or even behind. In all

the numerous genera of the Cretaceous and Tertiary periods the periproct is from

supra-marginal to infra-marginal, and in those of Tertiary origin ventral, even sub-

oral. In general, and with the sole exception of Pygurus, in which, in Oolitic time,

it remained marginal or was even infra- marginal, the site of the periproct in the oldest

known forms of Edentates was in close vicinity to the calycinal system, and from this

point it retrograded farther and farther during the Cretaceous and Tertiary periods,

even so as at last to become ventral.

In the CoUyrites, of Oolitic existence, the periproct is posterior, and so it is in

the Holasterida?. Among the earlier forms of the Spatangida3 its site is more or les.

dorsal, in those of later appearance it recedes, ac(;ording as the abdomen lengthenss

Like other features permanent in earlier forms, transitory in the more recent, this

progressive modification is exhibited in the course of the individual development of

recent forms.

PniLirpi, when describing the antarctic Spatangi ") for which Trosciiel afterwards

created the genus Abatus, relates that he found, within their deepened petals, some

very minute specimens which he suspected to be their young, and tliis discovery has

since been confirmed and extended by Al. Agassiz ^), who examined specimens collected

at the Kerguelen Islands, as well as by Sir Cii. Wyville Thomson ') and by Studer '''),

who both at that same locality had frequent opportunities of seeing live specimens.

I am indebted to the well-known liberality of the late Professor W. Peters for a

present, which cannot be too highly appreciated, of three young ones taken out

of the marsupial petals of the unique specimen bearing such, in the Berlin Museum.

') Etudes, p. 81. -) Wiegm. Arch. XI, 184.5, p. 'Ml. '') Proc. Ainer. Acad., XI, 1876, p. 231. — Rep.

Echin. Chall., p. 177. pi. XX a. «) Journ. Linn. Soc, XIJI, p. 67. — Voy. Cliall., II, p. 229. =) Mon.
13ei-. Berl. Akad., 1876, p. 457 — lb. 1880, p. 881. — Zool. Auzeiger, 1880, p. 343.
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Only one among' them wus entire, but taken all together they aft'orded materials enough

for observing some details not noticed before, PL XIV, fig.
163—171. Although ap-

parently not far from leaving the nursery, they are still without oesophageal and ex-

cretory openings. In length they measure 2,3 mm., in breadth 1,9 mm. The general

form of their test is very much that of the parent, as is also the dark brown colour.

The whole body, spines and all, are tightly enveloped by a thick membraneous cover-

ing, the larval covering, closed at every point, and devoid of any opening for the

alimentary organs, the animal still subsisting solely on the nutritious matter in store

from the previous state of its development. In this stage now, the last one of its

evolutional life, a stage of external rest passed through alike by the Cidaridaj and

the Echinidaj, and by the Spatangidie, the future skeleton is being built up, while in-

ternally the different organs receive their final structure as demanded by the mode of

life of the adult. Under the thick envelope of the young Abatus cavernosus the spines,

straight, conic, ei'ect and bristling, look strong like those of an Archaaonomous Echinoid,

while the calcified plates of the ambulacral and interradial systems are already dis-

tinctly visible, and can be followed all the way up to the calycinal system, fig. 163, 166,

167. The skeleton, thus laid out in its principal parts, presents two clear spaces,

both however overspread by the general covering and both unpierced, the one on the

ventral side, not much before the middle, being the pentagonal stoma, fig. 16.3, 165,

the other, on the dorsal side, a little behind the middle, being the central part over

which the calycinal system is forming, fig. 164, 164 A. When the test is cut open

horizontally, the intestinal tract is seen to be thick in its middle part, contracted

in its oesophageal and rectal parts. Both poi^tions end cfecally, and their closed ex-

tremities are seen to touch the wall of the visceral cavity, to which they are attached

by the peritoneal lining descending upon them: the oesophageal extremity at the centre

of the stoma, fig. 165, 167 , the excretory at the centre of the clear space of the back,/^.

166, 168. Thus, at this stage, while directing its oral end towards a point slightly in

front of the middle of the ventral surface, and its excretorial end to the central part

of the calycinal region, only a little behind the middle of the back, the intestinal tract

for a while has an ortho-proctic position, and recalls its Endocyclic termination in the

ancient types. But this is here only a transitory condition, the centre of the caly-

cinal system remains unpierced, and the excretory end of the intestinal tube, still

blind, retrogrades, and opens only when beyond the limits of the calycinal system, —
a movement, analogous to that known to have taken place, during past geological

periods, through a long succession of Exocyclic species. The two large plates of the

interradium 5, fig. 166, that approach nearest to the calycinal system, are those of the

sixth pair, the labrum counting as the first. And, because in the adult the periproct

is surrounded by the fifth, sixth and partly the seventh pairs, and, as I have shown in

the case of Brissopsis lyrifera '), the periproctal plates remain the same in the adult as

in a specimen not very much older than this young one of Abatus, it may be presumed

that, in consequence of the forward movenjent of the apical part of the test, and

>) Etudes p. 60, pi. XXXVII, fig. 218.
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the backward grovvtli of the abdomen, combined with tlie tendency of the alimentary

canal towards an anter()-])osterior direction, its excretory end, after having opened —
which, as far as I liave been able to observe, is done simultaneously with the o]>enin<>; of

the oesophageal end — is drawn back towards the plates of the sixth paii-, and that

subsequently the seventli and following subanal plates are added, increasing its

distance from the calyx. A Aoung specimen of Echinocardium flavescens O. F. M.,

1,7 mm. in length, PL XV, fig. 173, has the opened periproct high up on the back,

near the calyx, from which it is separated by only two interradial plates. It is large,

widely elliptic, and the calcified lamime of the anal membrane are disposed in two

rings, surrounding five converging triangular scales. Thus here also the stonuito-

proctic axis is not very far from vertical.

The manner in which the periproct is formed in Pourtalesia will probably never

be known. In the adult of Pourtalesia Jett'reysi it is placed as far back perhaps as

in any other species of the Neonoraous forms, PL I, Jig. 3, 4; II, 0; 111, 13, over the

caudal prolongation, in the deep depression between the interradials 5 a and /;, 5 to

U, and the ambulacrals I a and V h, 5 to 7. It is transverse, cut out in the in-

terradial plates 7, 8, 9 oi b a and h, tliat form, Avith 5 and 6, the circum-anal

region, which is expanded and received on either side into the sinus made by T a

and V h, plates 5-7. The anal membrane is divided into two portions, an upper

and overhanging one, between the interradials 8 and 9, and an under and rising one,

between 8 and 7. The upper is broader and covered with smaller laminae; it is the site of

the excretory opening, a narrow transverse slit; the under portion, semi-circular,

has larger scales. This structure agrees with Avhat is seen in the Cassidulidte. In this

group the periproct, transverse and reniform, is likewise placed in a depression above

the slight caudal prolongation, and the posterior under portion of the anal membrane,

tilling nearly the whole, is covered with a few large scales, while the upper, with the

transverse excretory opening, is very small and drawn up close under the margin of

the somewhat projecting post-anal plates. In the Spatangidtc, on the other hand, the

membrane is of one piece, with its scales arranged concentrically all around, and the

excretory opening, roundish and sub-central, closed by converging lamina?, as in the

young of Echinocardium flavescens described above, PL XV, fig. 173, or in Palajostoma

mirabile Gray, PL XVI, fg. 184, 186, IHI ').

In Pourtalesia Jeflf'reysi and its congeners only one fasciola is present, a well-

marked subanal fasciola encircling the caudal prolongation, PL 1, jig. 1, 2, 3 ; 11, 9.

Like the corresponding fasciola of the Spatangidas, it crosses the third and the fifth

plate of the interradium 5, but, contrary to what is the universal rule in that group,

it traverses, not the sixth and certain following plates of the rows I a and V h, but

the fourth plate alone, which by itself fills the episternal angle. It thus marks off,

not the fifth, but the third plate of both rows as the hindmost of the ventrals. In

Pourtalesia laguncula, PL VI, fig. 38, it has the same position, which it probably

1) Etudes, pi. XIII, iig. 113, 118; XXIX, 190; XXX, 193; XXXI, 196; XXXII, 199; XXXIV, 204;

XXXV, 207; XXXVl, 212; XXXVll, 217; XXXVIII, 221; XXXIX, 226; XLII, 231; XLIII, 234.
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maintains in the other species. vVcoording to Al. Agassiz it is indistinct in Spatago-

cystis, and absent in Echinocrepis. ') Upon the nature of the fasciola no fresh light is

thrown from its mode of existence in the Pourtalesia; it remains as obscure as

ever. The young of Abatus cavernosus, of 2,:^ mm., PL XIV, fig. 164, already pos-

sesses the peripetalous fasciola, minute knobs rather irregularly scattered conformably

to the elliptical outline of the test, and ti'aversing the interradia and the trivium, but

not the bivium. In the young of Echinocardium flavescens, of 1,7 mm., PI. XV, fig.

173, the star-like heads of the rods of the spinules of both fasciolse are very apparent,

sparse and easily counted, the peripetalous crossing the calycinal system, but not

touching the bivium, the ends of which it will traverse in the adult, causing, as

it seems, branchial leaflets to be replaced by simple tubular pedicels. Thus the fasciola

begins, along the greater part of its future course, with the development of solitary

spinules, whicli however are soon to become densely crowded and equal, like the nap

of a velvet. In the course of its growth'its position relatively to the underlying parts is

altered. In both the young specimens it does not cross the bivium, and in that

of Echinocardium flavescens it traverses even the calycinal system. I have elsewhere

shown, after a cai-eful comparison between a young, of 4,0 mm., and an adult Bris-

sopsis lyrifera, ") that in both the fasciohe traverse corresponding plates, and that the

movement becomes manifest solely from differences in the tracks of the former rela-

tively to the flgure and dimension of the plate. Upon the Avhole therefore the

fasciola may be said to become, at an early age, all but stationary, but not absolutely

so, as there seems to remain a small amount of reciprocal mobility. I once ventured to

show that the fasciola is a structural element independent of the skeletal systems, be-

longing, neither to the ambulacra nor to the interradial areas, but on the contrary,

so to speak, dominating them in some manner. No trace of it is to be seen on the

inner surface of the plates, and nowhere does it occupy their interstices. It is entirely

external to them, forming by itself a layer outside that of the spines, growing amidst

these, amidst pedicellariaj and pedicels, removing as much of them as lies in its v/slj,

and depositing in its stead its own band, incrusted with minute tubercles bearing the

densely packed club-shaped spinules. Sometimes it allows the markings it thus covers

to remain discernible through its substance, as in a specimen of Agassizia scrobicu-

lata, ^) in which the fasciola, intact and entire, like some gauzy tissue, lets clearly per-

ceive the underlying tubercles, which are perfectly recognisable as to place and form

and relation to the free tubercles contiguous to its margin, and parts of Avhich it even

covers. It is as though the fasciola, having caused the spine to drop, had grown over

its tubercle. Sometimes also, as in specimens of Plagionotus pectoralis and Brissus

Scillaj, ^) the fasciola has split, and the underlying tubercles stand forth in the cre-

vice, as though their spines had succeeded in resisting its subversive agression, and in

keeping the crevice open, in the one case aided no doubt by the presence of a pe-

dicel, which from its great muscular power was still more competent to check the ad-

vance of the spinules.

') Rep. Chall. p. 141. -) Etudes, p. 62, pi. XXXVIl, fig. 213, 218. ») lb., p. G2, pi. XIII, fig. 121.

••) lb., pi. XIII, fig. 122, 123.
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The spines of Pourtalesia Jeffrej^si are generally slender and sparse, but stronger

and crowded on the sternum and more particularly on the palatal vault of the buccal

recess, PL 1, fig. 2; IV, 24. Within the scrobicular circle of the tubercle, PI. V, jig. .'Jl,

rises the perforated mamelon surrounded by a »niilled ring». The j)erforated condyle

of the spine, jlg. 30, is encircled by an undulated ring answering to the milled ring of

the tubercle, and the whole surrounded by a wide, radiately waved brim, all these

])arts being of a dense and glossy, partly homogeneous calcareous substance. Above

tlie brim, fig. 32, an apparently confused mass of compact raeshj^ texture l)egins to

rise obconically, forming the thick basal part which ends above in »the collar>). Tliere

the slender calcareous fibrils of the meshes are seen, bending centrally, to unite, fig.

32, 33, into the regular string-like pillars that constitute the shaft, _/?9. 3() ; PI. XIV,

fig. 17 1, joining one another all along by giving off, on either side and inwardly,

fig. 32, 34, 35, at regular intervals, the connecting processes that produce the well-

known radiated texture seen in transverse sections. This is, in general terms, the

structure of the spines in the Spatangidaj, and, in the main, of all the Echinoidea. In

the following it will be seen that an analogous disposition of the constituent parts is

met with in the rods which strengthen the filaments of the phyllodean, subanal and

sometimes the frontal pedicels, PL VIU, fig. 55, 56, 57, 60, 61, 62 and 64; PL XI,

fig. 121, 129, the basal circlet answering to »the collar», ^\•ith the protruding nave

below, its meshes uniting above, to form the shaft which sometimes shows signs of

being composed of two or more string-like pillars rudely joined.

Like the fasciolte the spiues stand in no constant and fixed relation, with regard

to their growth and position, to the i;nderlying auibulacral plates. In my former

work, a series of figures is consecrated to the development of the frontal ambulacrum,

III, of Toxopneustes droebachensis '). In a specimen of 3 mm., the first primary

tubercle in III a covers the suture of the primary plates 2 and 3, in III b those of

plates 2, 3, 4, aud so it continues in somewhat larger specimens, gradually reduced,

till in a specimen of 11 mm., and before that size, it aborts or is shed in III a, as

later in III b. And in the same specimen the primary tubercle is seen to cover

more or less completely the sutures of each group of plates: 4—6', 7

—

10, 11—14 {15),

of III a, and 5— 7, 8—11, 12—16, of III b. In a Meoma ventricosa "), they are seen

to expand across the mesial suture of the interradia, in an Hemiaster expergitus ') the

upper spines of the interradia 2 and ?> not only extend their bases partly over the terminals

of the ambulacra II and III, but even invade the calycinal system. Nothing, in fact,

is more easily observed than this independence of the radiolar system. Covered itself by

the fasciolar stratum, it overlies the ambulacra as well as the perisome. Its genesis,

tlie order and mode of appearance of its spines, their growth and decay, and their

slow change of position, are inviting subjects of research.

The pedicellaria^ which now begin to be properly studied, are in these respects

as little known as the spines. On those of Pourtalesia I luive nothing to add to

the descriptions given by Wyville Thomson and Al. Agassiz.

1) Eludes |)1. XVir, tig. 140—147. -) lb., pi. XII, fig. lOG. ») lb. pi. XI, fig. 93.
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III. THE AMBULACRAL SYSTEM.

The peristome and the oesophageal opening in the young of Echini and Spatangi. The peculiar struc-

ture of these parts in Pourtalesin. The infra-frontal recess an incipient buccal cavity. The bivinin .ind its

abnormal structure. The spherids: their ventral position in Pourtalesia. The pedicels; their various forms in

the Spatangidfe; the evolution of the phyllodean pedicels; the pores: peripodia. Pourtalesia homneopodous: its

pedicels simple.

Like one and another of his predecessors Linnaeus in some Spatangi overlooked

the front ambulacrum, and thus came to attribute to them only four ambulacra, an

error that was repeated by Lamarck, Cuvier, Blainville and others. In all Echi-

noids there are five ambulacra, or radii, the frontal one in many irregular forms differ-

ing more or less from the rest, and sometimes being but faintly marked.

The young Echinoid, when on the point of assuming its final form, enveloped

in the larval membraneous covering, which is closed all around and destitute of any
opening, oral or anal, for a while floats beneath the surface of the sea, until, having

begun to take food, it sinks, and commences the mode of life of the adult. A minute

Echinus^), PL XIX, fig. 232, 233, genus unknown, 0,(i mm. in diameter, astomous and

aproctic, presents a spheroidal form and a smooth, unbroken, richly pigmented

surface above as below, with the spines standing on their tubercles, and, on the ven-

tral side, the primary pedicels over their pores. Within the envelope the final skele-

ton is forming, ten paired calcified laminae, the rudiments of the five ambulacra, each

giving passage, through a simple pore, to the circulatory apparatus on its way into the

tubes of the pedicels. Outward of these ten laminae five others are seen, answering to the

interstices between their pairs, and thus apparently representing the future interradia.

The five primary ambulacra here alone constitute the peristome, and the open space

enclosed within them is the future circular stoma. With this stage Johannes Mueller
first made us acquainted many years ago^). The act of opening outward of the ex-

tremities of the intestinal tube still remains to be observed.

In Abatus cavernosus, as in many cases where the young are abnormally reared

by the parent or kept within the maternal body, or else under exceptional conditions

the development is abridged''), and those phases are left out, in which, as in the great

majority of the Echinoidea, the young has to lead a free oceanic life, and to evolve

its future permanent structure under the protection of peculiar, transitory, perhaps

mimically diverting larval forms. As described above, the development of Abatus ends

with a stage analogous to that well-known in the Echinidie, a resting stage, astomous

') Etudes p. 27, pi. XVII, fig. 149. -) .Fohannes Mueller, Metamorphose der Echinoderraen: I, Berl.

Abhandl. 1848, sep. p. 22, pi. VII; IV, ib. 18.52, scp. p. 22, pi. IX, fig. 3, 4; VII, ib. 185.5, sep. p.

22, pi. VIII, fig. 9— 11. — Krohn, Miillers Archiv, 1851, p. 351. — Al. Agassiz, Embryology of Ecliino-

derms, Mem. Amcr. Academy, IX, 1864, p. 1 ; Revision Echin., p. 709, pi. IX, fig. 1 ; pi. X. — Brooks.
Handbook of Invertebrate Zoology, Boston, 1882, p. 99—129, fig. 43—77. •'') Compare VVyville Thomson,
Voyage of the Challenger, II, p. 229.

K. Sv. Vet.-Akad. Ilandl. Bd. 19. N:o 7. 4
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and aproctic, PL XIV, Jit/. 163—171. The stoma, inside the general envelope, is covered

over by the pentagonal buccal membrane, /?/7. 165, in which a few crooked and branching

spicules indicate the future calcified lamina?, and this membrane, like the whole of the enve-

lope, is entire, the ccsophageal end of the alimentary canal, still closed, touching it on the

inside, but not piercing it, Ji</. 167. This, however, is' soon to be done. Another young spe-

cimen of the same species, which I owe to the kindness of Mr John Murray of the Challen-

ger Expedition, a little larger than that

just described and slightly more advan-

ced, — the phyllodean pedicels just

begin to develop their filaments, and

the spines to bend and faintly to indi-

cate the partings so characteristic of the

adult, — has the membrane of the stoma

pierced in its very centre by the oeso-

phageal opening just formed, the pressure

from within causing it to protrude a

little, while the calcareous spicules, some-

what more numerous, tend to collect in

a circle all around. In both of these

young specimens of Abatus the peristome

is already constituted by five pairs of

ambulacral plates and five single inter-

radial s.

The same is seen in the }'oung of

Echinocardium flavescens 0. F. M., 1,7

mm. in length, having just acquired the

final shape, PL XV, fi.ij. 172— 183. Altliough smaller than the young of Abatus caver-

nosus, it is more developed, the alimentary canal being opened at both its extremities.

The test presents a pentagonal outline. The stoma is placed somewhat before the

middle, fig. 172, at the two fifths of the entire length, the peripi-oct, fig. 173, at the

three fifths of the same. The pentagonal peristome ^) is composed of the five still

narrow ambulacra, forming its angles, and of the five broader interradia, constituting

its sides. The meshy tissue of the test is still rather transparent, and that of the

anil)ulacral system more dense and compact, its meshes being markedly smaller and

less open than those of the interradial system. It may also be seen, that each plate

of the first pair of ambulacrals, close within the peristome and on its internal surface,

sends out from its lateral margin on either side, across the adjoining interradium, a

somewhat tapering lamina of compact texture. Viewed from the outside by transpa-

rency,
fig. 174.1 these lamina; seem to form five narrow uninterrupted ridges running

across tin; interradial areas parallel to the ])cristome, but seen from the inner side,

Hg. 183, tliey arc lost midways under a tliick mass of calcareous meshes. These streng-

Peristome of a young specimen of Abatus cavcrnosna Phii..

') Compare Etudes p. 14, pi. HI, fig. 32, .'{.'5— .S.'i
;

pi. V, %. 40, 47.
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thening ridges are no longer observed in specimens but. little larger, in which the peri-

stome has begun to change form, and are not to be recognised in mature specimens.

The nearly circular orifice of the alimentary canal has just opened in the centre of the

buccal membrane. In this there are deposited a number of calcified laminaj, in three

concentric series, the outermost consisting of by far the largest, ten in number, placed two

and two against the interradia, while the median, sub-pentagonal series is composed

of about fifteen much smaller laminte, and the innermost, encircling the opening, is

a chain of numerous minute particles of reticular tissue. This calcified incrustation

may possibly be found to pertain to the interradial system.

Thus, it is seen, in the true Echinids as in the Spatangi, at a very early age,

and at the time when the skeleton assumes its final form, the five ambulacra one and

all are constituent parts of the peristome, each by both the two plates of its first

pair. And in the adult this is the general rule, found to hold good everywhere in

the whole of hitherto known Echinoidea, without exception. Normally the first ambu-

lacrals alternate with the first interradials, which reach the peristome Avith two plates

or with a single compound plate. But between the Dentiferous and the Edentate forms,

these last as far, at least, as we know them at present, there is this difference that, in the

former, the peristome, central and perfectly circular from the beginning, and divided

etjually among the five ambulacra as likewise among the five interradia, remains so with

very little change during life, whereas in nearly all the Edentates it is at first sub-central

and pentagonal, but during growth is drawn forward, and becomes transverse and more

or less labiate. In the Spatangida^ these changes are accompanied with very unequal

alterations in the constituent parts, by the enlargement of the trivious peristomals, in

a few cases to the exclusion of the interradials 1 and 4, or even 2 and 3, the bivious

ambulacrals retaining more or less their wedge-shaped outline; by the first interradial,

5, 1, advancing and arching, so as to form a prominent labrum; and by the oesopha-

geal opening becoming, from an almost circular aperture, a transverse fissure. ').

From this a single form alone among the Spatangidfe is an exception, the Pahc-

ostoma rairabile Gray, PL XVI, Jig. 184— 196.^). In all essential points it is a true

Prymnadete Spatangean, Avith an oviform body, inflate posteriorly, the back being

raised behind the middle. The peristome is somewhat anterior, at the four fifths of

the entire length, rather small, slightly sunk, regularly pentagonal and elabiate even

in the adult, being composed of five broad interradials of similar form, constituting

its sides, and five equal pairs of ambulacrals at its angles. On the inside, fig. 188, it

is strengthened by a pentangular ridge running parallel to the margin, and correspon-

ding to that described above in the young of Echinocardium flavescens 0. F. M., but

here observable, at least, in the half-grown animal. The pentangular stoma is filled,

not with a pliant membrane incrusted with calcified luminal but with five flat, equal,

triangular and contiguous valves, meeting together centrally, each of them composed

of an external basal part articulating with the corresponding interradial side of the

>) Etudes, p. 14, pi. Ill, fJK. .32, 33—37; V, lis?. 4(5, 47; VII, fig. 61, 07.

•-) lb. p, 16, 50: pi. XXXII, fig. 197—199.
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peristoriKj, and made up of a thicker calcified tissue of coarser meshes, and two narrow,

more finely reticular, lateral, perhaps slightly movable pieces. ')

When any of these various characteristics of the Echinoidean peristome is looked

for in Pourtalesia Jetfreysi, it at once becomes obvious, that the exceptional case of

Palaiostoma no less than whatever there is in the others of conformity to a general

law, is set aside in the disposition of the corresponding parts of its skeleton. Its

peristome is altogether of a peculiar construction, PL II, jig. 9; 111, 12; IV, 15— 19.

Out of the five ambulacra one alone, the front ambulacrum. III, with its greater part

sharing in the singular incurvation of the whole region, partakes of its formation, the other

four are all excluded from it, and, while the front ambulacrum and the tAvo lateral ones,

II and IV, each begin with a pair of plates, the two bivious ambulacra each commence
with a single plate only. Now it is known that, while in the Archajonoraous Echinoidea

the peristomal plates generally maintain their entire breadth,^) in the Neonomous, and

more particularly in the Spatangida3 ^) they are more or less contracted adorally, especially

in the biviuin, and more so in the young than in the adult. In Pourtalesia Jett'reysi

this feature is carried to an extreme. The front ambulacrum. III, enters the peristome

with its entire breadth, while the ])eristomal plates of the bivium and those of the

two paired ambulacra of the trivium, II and IV, are all diminished, cuneiform, nar-

rowing adorally almost to a point. The two pairs that belong to II and IV are very

small, half the size of the single ones of the bivious ambulacra, I and V, and all these

six plates together have their adoral contracted portions bent over abruptly, at an

acute angle, into the hollow of the infra-frontal niche, at the bottom of its ventral

sinus, tlius forming there a keen edge, strengthened inside by strong partitions, /7,9. 17,

reminding of the trabecula? of the Clypeastridto. In consequence of this incurvation,

while the greater part of their surfaces is visible in the ventral aspect, fig. 2, lo, their

adoral terminations are not visible, unless their portion of the test be cut out, and

placed with its inside toward the observer, fig.
16. Then it may be seen, although not

without some difficulty, that the narrowing terminations of the two single first plates

of the two liivious ambulacra, I and V, as well as the plates II a 1 and IV b 1, of

the two paired trivious ambulacra, do not reach the margin of the peristome, but are

excluded from it by a single mesial subtriangular plate, 5, which is the labrum, and,

as such, belongs to the interradial system, while the terminations of II 6 i and IV

a 1 are not even visible in that position, being situated on the curvature itself and

thereby concealed. Thus, in this extraordinary Echinoid, the front ambulacrum, III^

') See S. Loven; Otn Leskia rairabilis Gray, Ofversigt af K. Vetenskaps-Akaderaiens Foi-haiidliiigai-, 1867,

p. 4.31. In that paper I regarded the five-valved covering of the stoma of Paheostoma as homologous to the

"Pyramid" of Echiiiosphiera and Sphitroiiis. I soon afterwards perceived tiiat this was an error, as Lutken

clearly set forth in his memoir: Endnii ett par ord om de ganile Sbliliers wSnabclu og Miuul, Videnskablige

Meddelelser fra den Naturhistoriske Porening i Kjobenhavn, 1869, 160; Geological Magazine, V, 179; Canadian

Naturalist, new series. III, 437.

2) Etudes, pi. X, tig. 84, 86, 89, 91; pi. XVII, tig. 140— 148; pi. XVIII, tig, 153—158; pi. XIX, fig.

165; pi. XX, fig, 166.

») Etudes, pi. Ill, fig. 32—35, 39; pi. IV, fig. 41—43; pi. V, fig. 46-48, 51, 54; pi. VI, fig. 55,

58—60; pi. Vll, fig. 61—64, 66, 67; pi. XXII—XLIII.
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alone miiiiitains its noruial .shai'c in the composition of tlie peristome, while the two

paired trivious ambulacra, diminished in size, and the bivious ambulacra, reduced to

single plates only, are all excluded from it, and so closely pressed together on its

under side, as to occupy, all taken together, considerably less space than the front

ambulacrum alone on the upper. The space intervening between the minute inter-

radial 5, 1, and the large ambulacrals III a 1 and III b 1, is tilled by the interradials

2 b 1 and 3 a 2, PI. U, fiy- 0; HI, 12; IV, 18, 19, and, as these last are very high,

the stoma assumes an elliptical form, unseen among the rest of the Echinoidea. For, if

in Anancites and its allies the labrum is but slightly developed, and even less so in

Collyrites whose stoma is longitudinally sub-elliptieal, the constituents of the peri-

stoma are nevertheless normal everywhere. In Pourtalesia Jett'reysi, on the contrary,

it has been seen that they are: ambulacrum III, interradials 2 6 7 and 3 a 1, and in-

terradial 5, while the ambulacrals I, II, IV, V, interradials 2 a i and 3 b 1, and inter-

radials 1 and 4 are excluded. The plane of the peristoma thus composed is nearly verti-

cal, and perpendicular to that of the longitudinal axis of the body, or somewhat over-

hanging into the peritoneal cavity; it is not, as in the Spatangida^n general, all but coin-

cident with the stomato-proctic axis, but, as in the Endocyclic forms, though in an

opposite manner, perpendicular to that also. In one of the specimens the two plates

1 of the ambulacrum III, and the interradials 2 b 1 and 3 a 1, in a part of their

margins are dissolved into an assemblage of minute rounded lamiiife, fig. 19, 20, but

in two other specimens they are entire.

The buccal membrane, PL IV, fig. 20, is destitute of calcified deposits. In its middle

is seen the oesophageal opening, an oblong slit, with naked, rather tumid and coarsely

wrinkled margins. Its direction is that of the vertical longitudinal plane of the body, per-

pendicular to the direction of the transverse fissure in the great majority of the Spatangidis.

This description of the peristome and adjoining parts in Pourtalesia Jeffreysi

applies upon the whole equally to the same parts in the other species of the group;

the differences presented by the ambulacra I, V, II, IV, will be taken up hereafter.

The species all agree in the important points resulting in that most striking feature,

the deep anterior recess. There can be no doubt that the elliptical frame surround-

ing the stoma in the Pourtalesiadaj, widely different though it be in its composition,

is strictly homologous to the peristome in all the other Echinoidea, and, no less so,

that the vertically placed membrane with its longitudinal slit is homologous to the

horizontally stretched membrane in the Dentifera and Edentata, with the rounded or

transverse orifice of the alimentary! canal. But the peculiar structure of these parts

in the Pourtalesiada; is such as to call forth the idea, that what is going on here may

be looked upon as the first move, so to speak, toAvards forming a rudimental mouth,

a cavuiii oris, the invaginated parts of Avhich, if they Avere flexible and provided Avith

muscles, might be protruded like a proboscis, Avhich, oAving to the great size

of the frontal ambulacrals and interradials, Avould be directed doAVUAvards and back-

Avards. As it is, its rigid and motionless lips are indicated by the line of in-

curvation all around its entrance, its palate, sit venia verbo, PL 111, fig. 10,

12; IV, lb, 19; VI, 45, is made up of the large and unreduced bi-seriate plates of
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The imaginary rostrum

invaginated iirolruding

the ambulacrum III, while its sides are constituted

by the interradia 2 and 3, inferiorly meeting to

the right and left of the shortened and com-

pressed intra-labial space, and its innermost

portion, together with the elliptical membrane,

PL 111, jig. 12; IV, 18, ID, 20, may repre-

sent a pharynx, the slit being the (jesophageal

opening. The vaulted ymlate is armed with spi-

nes, stronger and more closely packed than any-

where, PL 1 V, fig. 24, and the site, no doubt,

of -A powerful ciliary activity, and outside the

under lip are seen the spherids in pairs or in

clusters, PL IV, fig. 13; VI, fig. 40, 41, 44;

VII, fig. 47, 48, 49, 50. Just as in another

part of the skeleton of certain Pourtalesiada;, as has been suggested above, a movement
IS introduced in the perisomatic system, directed towards an annulose conforma-

tion of the body, thus here also, in the peristome and surroundings, a ten-

dency seems to be exhibited towards a vermiform constitution. This tendency, to be

generally surmised already, in the Tertiary and recent Spatangida?, from the increasing

length and flatness of their test, the stomato-proctic axis approaching to horizontality,

from the reclining direction of the slender spines, and the forward movement of the peri-

stome, appears heightened, in another and peculiar manner, in the Pourtalesiada^ by the

anterior [)art of the b(jdy being definitely marked out by the terminal mouth-like re-

cess, and b}- a more strongly displayed differentiation of the upper dorsal side of the

skeleton from the under, ventral side. In the Spatangida; the frontal phyllode is still

in part ventral, and touches the ground in which the animal is living; in the Pour-

talesiadie it is elevated on the tops of the erect interradials 2 and 3, and thus brought

to roof dorsally tlie rudimentary mouth, therein strongly contrasting witli the other

four phyllodes, which all of them are ventral, and emjiloyed in forming its ground-

floor and lower external surface.

In all tlie known forms of the Echinoidea, Archieonomous and Neonomous, each am-
bulacrum, from its beginning in the peristome to its termination, is bi-seriate, that is

presents an uninterrupted succession of plates, ahnost invariably arranged throughout

in two alternate rows. When the ambulacra of Pourtalesia Jeffreysi are examined in

this respect, they are found to differ more widely than those of any other Echinoid,

even the most specialised among Prymnodesmiie S[)atangidaj.

The front ambulacrum, III, normal in its peristomal origin, continues so throughout

to its termination, /'/. //, fig. 0. It is shorter than any of the other four ambulacra.

It consists of thirteen to fifteen pairs of plates, out of which the second is somewhat

broader than the first, and the following eight or nine slowly diminish in breadth, the

terminal three to five suddenly becoming very minute. The first five pairs form the

roof of the frontal niche, or buccal cavity, PL HI, fig. 10, 12, the sixth, seventh,
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eighth and ninth curve upwards, and constitute Avith the last five or six the mesial,

moderately impressed part of the blunted front, the small terminal plates closing

with the calycinal system just on reaching the dorsal surface.

The two paired ambulacra of the trivium, II and IV, PL IJ, fiy. 9; I, 1, 2, 3;

III, 10, 11, are souicAvliat larger than the front one. They are slightly curving for-

ward symmetrically, })road in the middle and suddenly contracted at their summits.

In the described specimen the number of plates is about fourteen in each. The first

two are, as above stated, small and wedge-shaped, the second pairs suddenly expand,

and still more so the following pairs, each ambulacrum attaining its greatest breadth

before reaching half the height of the test, after which it slowly decreases, the plates

of the posterior row in each, the II a and IV b, surpassing throughout those of the

anterior, and both nearly preserving the hexagonal form. The thirteenth and four-

teenth pairs suddenly contract, and become very minute, when joining the calycinal

system.

Thus the trivious ambulacra, from their beginnings in or near the peristome,

conformably to the general rule, present throughout their whole length a continuous

double row of plates, and their summits attain tlie calycinal system. In the bivium

all this is different.

As above stated, the ventral surface, PL I, fig. 2, 8; 11, 9; IV, 15, presents an-

teriorly two contiguous elongated plates, I, 1, V, /, one on each side of the mesial

line, having the terminal portions of their gradually narrowing ndoral halves bent over

into the infra-frontal niche, PL IV, fiij. 16. Their anomalous form and their contiguity

to the first plates of II a and IV b combine to make it more than uncertain how to

distribute correctly, to their respective ambulacra, all these six closely joining plates,

from external inspection alone. But their relations at once become obvious, when they

are examined from the peritoneal cavity, after the test has been cut open longitudi-

nally, PL 111, fig. 10, 11: IV, 18, 19. In the whole of the Echinoidea the neural collar,

at each of its five angles, sends off a cord that follows the mesial line of each ambu-
lacrum on its inner surface, and gives off alternate branches which enter the pedi-

cellar pores, and come out again on the outside of the test, there to distribute them-

selves among the different external organs,'). The neural collar and the main nerve-

cords are closely accom])anied by the circular vessel and the great trunks of the

aquiferous sj^stem, outside emerging along with tliem from out of the pores, and entering

the tubes of the pedicels. When the test of Pourtalesia Jeffreysi is laid open, and the

recess is examined on its peritoneal surface, PL 111, fig. 10, 11; IV, 18, 19, it is seen

that here also the neural collar and the circular aquiferous vessel respectively send

out their five main branches, one for each ambulacrum. Of these an odd one runs

along the mesial suture of the vaulted front ambulacrum. III, on the top of its roof,

and ascends to the calycinal system, giving off, on every plate, a branch to its pore,

but two on the plate III b 1, fig. 10, 18, 19. The two paired ambulacra II and TV also

each receive two main trunks, one neural, one aquiferous, giving off' branches to the

>) Etudes, p. 8, pi. II, fip. 28—31.
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pores of the plates II a 1, II a 2, etc. and II b 7, II b 2, etc., on the right side,

as also, on the left, to tliose of the plates IV b 1, IV h 2, YV h 3, etc., and IV a 1,

IV a 2 etc. And from these beginnings the main trunks are seen to emit regularly

alternate branches to the ambulacral pores, PL 111, fig. 10, 11. It follows from this

that these plates were rightly referred, from the outside aspect, to the ambulacra II

and IV, MS true peristomal plates, although excluded from their legitimate position.

Lastly, the neural collar and the circular vessel each give off" two main branches

directed backward and slowly diverging, PI. IV, fig. 18, 19 ; 111, 10. Just on their

leaving the collar, a first branchlet descends from each of them to the pedicellar pore

of one of the two single contiguous plates V and I, fig. 18, V, 1, I, /; fig. 19, V, 1,

thereby rendering it manifest that these plates are in reality what they were pro-

nounced to be from without, the reduced and displaced peristomal plates of the

bivium, V, 1 and I, 1. But when the further continuation from thence of the bivious

ambulacra is looked for from without, Pi. 1, fig. 2, the sequence of their plates is

found to be broken by the interposition of four longitudinal plates of considerable

size evidently not ambulacral, the less so, as none of thera presents) any trace of a pedi-

cellar pore. They belong, as shown above, to tiie perisome,being the I b J, } b 2 + 3 and

4 a 1, A a 2, of the interradial system. Viewed from the peritoneal cavity, PI. Ill,

fig. 10, these same plates are seen to be spanned by the two trunks Avhich, after their

first branchlets, do not give oft" a second till reaching, on the farther side, two

pairs of plates, contiguous in the mesial line, \ a 2, I b 2, Y b 2, V a 2. There

again a branchlet is seen to proceed from each trunk, the first for the inner of

the two plates: I a 2, V b 2, the second for the outer ones: I b 2, Y a 2, and so

on alternately and continuously to the summit of the ambulacrum, PL III, fig.

II, 14. In Pourtalesia Jeft'reysi, therefore, not only the first plates of the bivium

are single, not double, but they are, moreover, widely separated from the next in

order, and the two ambulacra begin, as it were, anew, at about the posterior half of

the body, each with the regular double alternate series of plates. But there, as where

they commenced witht he two first single plates I, 1 and V, /, the two ambuhicra are again

contiguous in the mesial line, the \ a 2 and V b 2 touching each other by their fore-

parts for more than the anterior half of their inner margins, thereby excluding the

interradials 1 and 4 from the posterior interradium .5. After that their hind portions

separate, bending right and left, to give place to the sternum, PL I, fig. 2 ; II, 9;

III, 10. The \ b 2 and V a 2 are shorter, less irregular, but sub-pentagonal, slightly

curved, and somewhat broader in front. Of the third pair the 1 a 3 and V b 3 are

elongated, irregularly hexagonal and contiguous to the sternum and to the forepart of

the episternum, while the \ b 3 and V a 3 are broader, but much shorter, thus

allowing the ambulacrum to bend upward at a right angle, PL I, fig. 3. Hence the

fourth jiairs lie at the basis of the ascending portions of the bivium. The I a 4 and

y b 4 are hexagonal, with their hind-portions widening and extending beyond the

posterior limits of the ambulacrum, so as to border inwardly upon the episternum 5

b 3 and .5 a 3, then to fill out on either side the episternal angle, and to join the

whole lengtli of the first pre-anal.s .') b 4, Ha 4, and the greater part of the second,



KONGL. SV. VET. AKADEMIENS HANPL. BAND 19. N:(i 7. 33

5 b 0, b a 3. Being thus disposed, the I a 4 and \ b 4 are traversed by the subana]

fasciola, and thereby brought alone to correspond to the group of from tAvo to

six or more ambulacra! plates of I <t and V b, from the sixth onAvards, Avhich, in the

Pryranodesmic Spatangidaj, are prolonged and salient inAvards, so as to fill, Avithin the

subanal fasciola, the reentering episternal angle, and to determine the upAvard flexure of

these ambulacra, and Avhich, by marking off, throughout, as ventral, the foregoing plates

and limiting their number CA'eryAvhere to five, constitute a prominent and most signi-

ficant feature ^).

The ambulacrals I b 4 and V a 4 of Pourtalesia JcftVeysi nearlj' equal in size

these just described, and are more regularly hexagonal. In the tAvo succeeding pairs,

the fifth and sixth, the plates of I a and V b are shortened, to give place to the cir-

cura-anal region of the odd interradiura, Avhile the fifth plates of 1 b and V a are

iiarroAved anteriorly in connexion Avith the curvature of the ambulacrum. From the

seventh, and ouAvard, the folloAving pairs have their plates nearly equal, only those of

the posterior roAvs slightly smaller, distinctly hexagonal, and sloAvly diminishing in size.

In the specimen described the fourteenth pairs are terminal.

According to an almost universal rule, tlie ambulacra of the bivium ought to

ascend so as dorsally to join the calycinal system. From this the CoUyritidae, of Ooli-

tic existence, make the sole exception hitherto knoAvn, having their calycinal system

dismembered by the interjacence on either side of the unreduced interradia 1 and 4,

Avhich sever from it the radial pieces I and V, and leave them in connexion Avith the

respective ambulacra. And from their erect position and convergence it folloAA's that

their tops, Avith these radials, are brought in close contact, or so near each other, as to

be separated only by a narroAv plate, Avhich is one of a roAv of slender, longitudinal,

irregularly arranged plates stretching from the periproct to the calycinal system. At

a first glance this structure seems to be revived in Pourtalesia Jeffreysi, but on closer

inspection notable differences become apparent, PL 1, fig. 1, 3 ; 111, fig. 11. The bi-

vium, far from having a vertical position, leaning backAvards, so as to overhang the

postern slope, as in Collyrites, stretches forAvard longitudinally, and converges but

slightly, the tAvo ambulacra being separated all along by the odd interradium 5, a pair

of Avhose plates intervenes between their summits, Avhile the lateral interradia 1 and 4,

in joining from either side, combined Avith elements of the odd interradium, 5, keep

them Avidely apart from the calycinal system. Their summits, a pair of moderately

sized plates, not abruptly diminished as in the trivium, are situated at about the fore-

most third of the Avhole length of the test. Of radial (»ocular») pieces not a trace

is seen.

From all this it foUoAvs that tAvo of the fundamental and uniAersal characteristics

of the Echinoidean ambulacra, their joint participation in the formation of the peri-

stome, and the uninterrupted sequence of their plates, are set aside in Pourtalesia.

') Etudes, p. 16, pi. XXXir, fi?. 200,—XLII, <ns. 232.

K. Sv. Vet. jMtad. Handl. Band 19. N:o T.
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The tliird, no less essential characteristic, the disposition of the ten anibulacral

rows, not in conformity with the bilateral arrangement of the ambulacral system, but

referable to an axis other than its actual antero-j)osterior one, is even as fully discard-

ed in Pourtalesia. This disposition is most plainly' seen in the Spatangida?. It is as

follows \). If a Spatangean of any genus or species is held in supination, that, is with

the ventral surface upwards, and Avith the odd interradium backwards, and if the ten am-

bulacral plates of the peristome are then counted from left to right, — that is, from

the right side of the animal to its left, — beginning A\ith the ambulacrum of the

biviura marked I; if, at the same time, in each of the amliulacra: I, II, III, IV, V,

thus gone over, the row of plates first touched is marked a, the second b, it will be

found, that the peristomal plates I n, II «, III b, IV n, V b, are the larger ones, and

provided with two pedicellar pores, /. e. they are binar}-, bi-porous, while the peristo-

mal plates I b, II b, III '^ IV b, V a, are smaller, and each provided with only one

pedicellar pore, /. c. are simple, uniporous. The identical disposition of these same

plates is found in the Echinoneida;, Cassidulida;, Holastrida>, tliat is in all the Eden-

tates. In the Dentiferous Echinoids the same law is maintained, though differently

expressed. Among the Echinoconida? ^) it is manifested by the peristomal plates I a,

II a, III b, IV a, V b, binary in the genus Echinoconus, being always larger, and succeed-

ed everywhere by a single plate, placed between each of them and the first triad, while

the peristomals I 6, II b. III a, IV b, V ii, are smaller, and directly contiguous to the

first triad. In the Ecliinidit') its existence is obvious, and the same formula holds

true, masked though it be by the seemingh' radiate disposition of the parts. Out of

the ten peristomal plates, all of tliem composite, the I a, II a, III b, IV a, V b, are

larger than the I b, II b, 111 a. IX b, V n. All Echinidaj possess, on their buccal

membrane, five pairs of minute free plates, each plate bearing, in the adult, a pedi-

cellar pore. In the verv young Toxopneustes droebachensis, only two millimeters in

diameter**), out of these ten plates, those five which correspond to the ambulacral rows

1 a, II a. III li, IV a, V b, are larger, but still for a time are without pores, while

the five other plates, that answer to the ambulacral rows I b, II /;, III a, IV b, V a,

though smaller, already have received theirs. In the Cidarida'"), in other respects so

widely different from the Echinidte, out of the ten ambulacral plates surrounding the

(esophageal opening, those five that belong to the rows I a, II a, III b, IV a, V b,

exceed in size the other five that appertain to the rows I b, II b, III a, IV b, V a,

while the plates of these last-named rows are, all around, the first to detach them-

selves from the margin of the corona, which is thus continually broken up and renew-

ed. Finally, in the Clypeastridtp"), the last ai-rived, in which many a primeval fea-

ture is vanishing or even effaced, the peristomal plates of the rows I a, II a, III b,

IV o, V b, are distinguished by their superior size from those of the rows I b, II bt

III n, IV b, V a, the difference, however, in a few cases having become very slight.

Thus, it is seen, in whatever group of the Echinoidea the structure of the ambu-

lacra is examined, out of the ten plates composing the peristome, the five: I a, II a,

1) Etudes, p. 13-39, pi. Ill—IX, XIV. XVII—XX, XXII— LII. -) Ih., p. 20. pi. XIV, 3) lb., p. 20, pi.

XVII, XVIII. *) lb., p. 27, pi. XVII, (ii<. 148. =) lb., p. 28., pi. XX. ») lb. p. 32., pi. XLIV-LII.
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III 6, IV It, \ I), always differ in a marked manner from the uthei- five: I b, II b,

III a, IV b, V a, be it in size, in outline, or in the number of their pedicellar pores,

and the two sets follow each other, all around the stoma, everywhere in the same
order. xA.nd this invariably recurring biformitv of the ambulacra in their peristomal

beginnings, of ;i never failino- validity through the whole of the Echinoidea, recent and
extinct, that have been examined on this point, is also more or less distinctly recognis-

able all through the entire length of each ambulacrum, and more so in the older

types, in which the seemingly radiate disposition of the parts is predominant, than

in those of a later date. In Cidaris the plates of the rows I b, II b, III a, IV b, V a,

in every ambulacrum are in advance of those of the rows I a, II (i, III b, IV a, V b^

by an entire plate or half a one'), and in the very young and minute Toxopneustes

droebachensis, the seventh plate is begun in each of the rows I b . . . Y a, while there

are yet only six in each of the rows la . . . V/r'). But in the types of later appearance,

the Neonomous, in which the radiate form largely makes way for a decidedly

bilateral disposition, as in the Cassidulidae, Collyritidse, Holastridaj, Spatangidte, the ten-

dency towards a gradually more and more decided symmetry in external outline be-

tween the two lateral ambulacra of the trivium, II and IV, and between the two hi-

vious, I and V, seems to invalidate the biformity of their composition, and leave it in

full force solely in the peristome. There it, therefore, continues from the antique

Cidaridse till it all but vanishes in the Clypeastridaj, of Tertiary origin, always suggesting,

in a manner not yet understood, the previous existence of a skeletal axis diverging

from the actual antero-posterior one, being at an angle with it, and dividing length-

wise the ambulacrum IV and the opposite interradium. If live homologous points in

I a, II a, III b, IV a, V /;, are connected by straight lines, and also homologous

points in I b, II b, III a, IV /;, V a, two irregular pentagons are inscribed within the

peristome, disposed in such a manner that each of them is divided by this axis, «w.

into two parts, one trapezoid and the other peutagonular, the areas of which are equal;

and that, if one of them is made to revolve half a circle on the axis nco, it covers

the space left by the other ^).

It results from tiie arrangement thus detailed, that the two bivious ambulacrn are

symmetrical towards one another with regard to the disposition of their constituent

elements. Within the trivium the front ambulacrum, III, in so far has a medial I'ha-

racter, as by its peristomals it is symmetrical on one side towards the ambulacrum II,

on the other towards the ambulacrum IV. But these latter, the two lateral ambulacra

of the trivium, are, with regard to the disposition of their elements, unsymmetrical

towards each other, thus testifying to the inherent obliquity of the Echinoidean ambu-
lacral system. In both the principal tyjjcs of the Echinoidea, however, this obliquity is

outwardly concealed: in the Archa^onomous, the dentiferous forms, Cid;iridai and Echi-

nida3, by the apparently quite circular and radiate arrangement of the skeletal systems,

the central position of the mouth, and the verticalitv of the stomato-proctic axis, all

correlatively bound up with onv another and rigidly maintained; in the later, the

') Etudes, p. 30. -) lb., p. 21, pi. .X'VII, rig. 140. •') lb., p. 37, pi. XVII, rig. 140.
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Edentate forms, — contrasting with the former in the pliancy they manifest during their suc-

cessive appearances and vanishings, — by their progressively' developed bilalerality, by the

variously inclined, or even horizontal stomato-proctic axis, and by the symmetry, in

general outline, between the two paired ambulacra of the trivium, as well as between

the two of the bivium.

When Pourtalesia JeftVeysi is examined on this point, PL II, jig. 9; 1 V, 15, 16,

it is found at unce that the two paired ambulacra of the bivium are symmetrical towards

each other in their general outlines. This is manifested, as regards the two single

plates with which the ambulacra I and V begin, I 1 and \' 1, no less by their out-

lines than by the condition of their pores. They are therefore in complete accordance

with the general rule. But, contrary to that same I'ule, the two ambulacra of the

trivium, II and IV, also present this same symmetry in the disj^osition of their com-

ponent elements. The plates II a 7 and IV li 1 are evidently counterparts, and so are

\\h 1 and IV a 1, in size, form, number and chai'acter of their pedicellar pores. And
yet, according to the law pervading the whole of the Echinoidea, those same plates ought

to differ in these respects, beloj:iging, as they do, to different series: W a 1 and IV a 1

to the series I a ... V 6, and II 6 7 and IV /; 1 to the series I 6 ... V a. This is

an essential and important anomaly. It is also very remarkable that, in presence of

so profound a transformation, the front ambulacrum. III, alone remains intact, pre-

senting the normal external form and internal composition, together with the legiti-

mate condition of the pedicellar pores, bearing a single pore on its smaller peristomal

plate, III a 1, and two on the larger plate. III b 1. While, in all the rest of the Echi-

noidea, the composition of the peristome is expressed by the common formula:
I a. II -/, III h, IV a, V b: large, biporous;

I b, II b. III a, IV b, V a: small, uniporous,

in Pourtalesia Jeft'reysi the peristomal series, if arranged according to the size of the

plates, would be:

I, II b, III b, IV a, V: large;

I, II a, III a, IV b, V: small;

and the different size of the paired trivious ambulacrals has no relation to the num-

ber or character of the pores. The seven plates: I, II a, II b, III a, IV a, IV A, V,

are all uniporous. III b alone is biporous. It is evident, therefore, that the obli-

(juity hitherto found inherent, everywhere and without exception, to the constitution

of the ambulacral system of the Echinoidea, is evanescent in that of Pourtalesia Jeff-

reysi, its paired radii II and IV, I and V having their elements disposed solely with

relation to the antero-posterior axis of the body, and not to a subordinate deviating

axis no), as in all other Echinoidea. The elsewhere all-pervading obliquity is on

the point of disappearing, but a trace of it is still left in the front radius. III,

which has, as normal, its a plate uniporous, and its h plate biporous.

Now, bearing in mind the unvarying constancy of the ambulacral characteristics

in all the numerous genera and species so highly diversified in other respects, with

which we are familiar, it seems that we might be allowed to expect their contrasts, so

strikingly set forth in Pourtalesia Jeffreysi, to possess an ecjually pervading validity

as characteristic of the entire grenus and its allies. But a careful examination of the
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specimens sent me by Sir Wyville Thomson, fragmentary as they are, has taught me
that, to a great extent at least, this is not the case. Already in Pourtalesia laguncula

Al. Ac, pi. VI, jig. 37— 41, some important differences present themselves. The front

ambulacrum, III, retains its normal structure. The two paired ambulacra of the tri-

vium, II and IV, are very like those in Pourtalesia Jeffreysi, the two first plates of

the first pair being minute and wedge-shaped, and each provided with a single pore,

the second pair \\ a 2, \l b 2 and IV a 2, lY b 2, suddenly expanding, so as also to

join the aboral margins of I 6 i and I a 1, and Y a 1 and V b 1. Both ambulacra

continue very broad, until, dorsally, they contract rather suddenly, ending at the caly-

cinal system with a minute terminal plate, PI. VIJ, fig 52. Thus in this species, as

in Pourtalesia Jeffreysi, the trivious ambulacra present throughout their whole exten-

sion a continuous sequence of plates, and their summits attain the calycinal system.

In the bivium all this is otherwise, yet nearly in the same manner as in Pourtalesia

Jeffreysi. Whereas in that species the pairs of plates \ a 1 and I 6 /, as also N a 1

and V 6 7, have respectively coalesced into a simple compound plate, I, V, on either

side of the middle line, the same plates are separate in Pourtalesia laguncula, fig.

37—40, the joint outline, presented by each pair, corresponding Avith that of the single

plate in Pourtalesia Jeffreysi. But while, in this latter species, the single compound

plate is provided with one pore only, in the former the tAvo: I a 1 and I 5 i, as also V

(I, 1 and V b 1, each of them retains its pore, that of I a as well as that of V 6 being single,

not double, as they ought to be. While in Pourtalesia Jeffreysi the I 1 and V 1 are

contiguous along the middle line, they are separated in Pourtalesia laguncula by the

wedge-shaped interradial 5 /, permitting them to come near each other at the very

l)end only of the ventral margin of the niche, but driving them asunder by its trian-

gular aboral expansion. In the same manner as in Pourtalesia Jeffreysi, these I a, b I

and V b, a 1 are widely separated from I a, b 2 and V b, a 2, by the interposition of

the interradia 1 nnd 4; and the I a 2 and V b 2, contiguous in their adoral half,

so as to exclude these interradials from the interradial 5 2, the sternum, then bend

right and left, to give room to that plate, and to the episternum, 5 a and b 3. The dispo-

sition of these plates thus very much resembles that seen in Pourtalesia Jeffreysi,

the I a 4 and V 6 4 being traversed by the fasciola. In like manner, on the dor-

sal surface, PL VII, fig. 52, the bivious ambulacra are separated from one another

by the odd interradium 5, nor do they join the calycinal system, being kept widely

apart from it by the interradia 1 and 4, meeting from either side. They terminate

with small, and rather suddenly diminished plates.

In Pourtalesia ceratopyga Al. Ag., PL VII, Jig. 48— ')0, the disposition of the

first plates of the ambulacra I and V appears to be identical with that in Pourtalesia

laguncula, the labrum 5, / separating I n and V b. Each plate also has only a single

pore, but the row of the eight pores is not visible from the ventral aspect, as they

are placed on the flattened margin of the incurvation,///. 4.9. The mode of connexion

of the labrum with the rest of the interradial system could not be made out, the spe-

cimen unfortunately being broken at the critical point. But, as stated above, there exists

a decided peculiarity in the condition of the interradials 1 and 4, of which, on either
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side, a narrow plate, / and 4, is seen keeping apart the IV from the V, and the II from the

1, fiq. 48, and this plate on the left side is pushed forward so as to approach the flexure

and to compress and reduce tiie IV h I ; on the right side it keei)S farther back, and the

II rt y is fully developed.

Echinocrepis cuneata Al. Ac;., PL VJl, fiy. 53, rei)eats the mode of disposition

of Pourtalesia ceratopyga, the interradial 5, 1 separating the two bivious ambulacra,

the interradials 1 1 and 4 1 being placed between I and H and between V and IV, and all

the four arobulacral plates on either side being uniporous.

Pourtalesia carinata Al. Ag., Fi. VI, jig. 42—46; VI], 47, presents the same

arrangement, a small and narrow interradial plate intervening on either side between

the first pair of I and that of II, as also between the a, h 1 of V and of IV. Here also,

as in Pourtalesia laguncula and Pourtalesia ceratopyga, but unlike Pourtalesia Jeffreysi,

the I and V each commence with two plates, and the I a and V h are biporous, as accor-

ding to rule. But, what is more, it is plainly shown in the fragment examined, that

the 5 of V is not separated from its plate 1 by the intervenience of the interradials 4,

but really contiguous to it, fuj. 42, 46, part of the interradial 4, 2 coming into view

between V a and IV /;. It cannot l)e doubted that the like might be seen on the right

side, if the specimen were entire. This diversity is of great inoment. The jjlates I a,

II a, III b, IV a, V /; are biporous, while the I b, II b. III a, IV 6, V a are uniporous,

which is in complete accordance with the general rule. If I have succeeded in following

rightly the very indistinct continuation of the plates beyond the curvature, the labrum,

.") 1, ought to be extended to tiie peristome, having all along un either side the I "

and V b, while of I b and V a the pointed terminations alone are to be seen just

inside the margin of the niche, and still less of 11 a and IV b, the II b and IV n end-

ing in the very bend, so that no trace of them is visible inside.

From all this it appears that the old order, reigning among the ambulacral [)lates

of the peristome and their pedicellar pores, is not all at once abandoned by the Pour-

ralesiadas. It is exchanged for a new order only reversibly and, so to speak, hesitatingly.

Pourtalesia carinata retains unaltered the otherwise universal Echinoidean tornmla:

I a, II », III i, IV a, V b: biporous;

] b, 11 b, III a, IV b, V a: uniporous,

while Pourtalesia -left'reysi, i'ourtalesia laguncula, Pourtalesia ceratopyga, and Kchino-

crepis cuneata, all present a single pore only in each of the peristomal plates I, II, IV,

V, which thus, in that respect, become symmetrical on either side of the labrum, the

III alone remaining as of (dd. In none of the five species examined are all the inter-

radials admitted into tlie peristc^me. In four of tliem the labrum, of considerable

size, intervenes between I and V, and in three of these the interradials 1 and 4 tend

to separate the I from the II, and the V from the IV. In one species alone, Pourta-

lesia Jeffreysi, the labrum, 5 I, is greatly reduced, and the I and V close with one

another behind it, so as to exclude it completely from the rest of the perisomal system.

All this recalls in a certain degree what is seen among the Clypeastridaj, another type

of late appearance. In these'), of tlie peristonuil ambulacrals none are biporous, all

') Etudes p. 32, pi. XLIV—LII.
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the ten being uniporous, and much alike in the disposition of their pores, and the peri-

stomal formula is sustained, in the greater number of genera at least, solely by the

superior size of the first plates of I a, II a, III b, IV a, V 6, or, more distinctly, of

the corresponding second plates, one genus, however, Arachnoides, being exceptional

even on that point. The relations between ambulacrals and interradials are also va-

rious, the latter preserving their series uninterrupted in Echinocyamus and Laganum ^),

while in Encope and Clypeaster, Echinarachnius and Arachnoides Zelandiie ^j, the first

plate of all is alone admitted into the peristome, as is also in Mellita and Rotula ") the

first plate of 1, 2, 3, 4, while the interradium 5 remains entire, whereas in the adult

Arachnoides placenta') all are excluded, the 5, 1 alone appearing in the vicinity of

the peristome.

I have given the insignificant name of Sphteridia"), Spherids, to certain sense or-

lians, of function as yet obscure, present in all forms of the Echinoidea, the Cidaridag,

and perhaps Echinothuriadaj, excepted. They are very minute, calcareous, generally glo-

inilar or pyriform, pedunculated bodies, articulated to little knobs of the test, and corp-

|)osed, like the spines, of an axial reticular tissue, and external compact layers of

transparent glossy substance, and covered with a thin connective tissue, an epithel and

a ciliated cuticule. They belong exclusively to the ambulacra, nnd to the adoral por-

tions of these. In the greater number of the Echinidae they are uncovered and mostly

numerous, being found single, one only in each ambulacrum, in the genus Echinoci-

daris") alone, which, together with the allied form, Coelopleurus, deviates from the

Echinidan type in other respects also, in the sub-petaloid ambulacra bearing bran-

chial pedicels, in the quadri-partition of the central piece of the calycinal system,

in the anomalous forms of the spines. The Clypeastrida? offer tAvo types: one, repre-

sented by the plurality of genera'), in which there is only a single spherid for each ambu-

lacrum, more or less concealed in a cavity; and another, to which belong Clypeaster

and Arachnoides*), having in each ambulacrum two spherids contained in crypts hollow-

ed out in the substance of the test. In a like manner the multiple spherids of Cassi-

dulus"), at first free and uncovered, successively become overgrown by the superficial

layer of the calcareous substance of the test, until the site of each is marked merely

by a very minute opening.

In all these groups, in which the bilateral disposition of the skeletal systems is

often but slightly, though unfailingly expressed, the spherids are distributed by equal

numbers, or nearly so, between the five ambulacra, which are also nearly of the

same structure. In the Spatangidte^"), on the contrary, where the bilateral differ-

entiation of the ambulacra in a trivium and a bivium, apparent already in the Ho-

lastrida? of the Older Cretaceous period, is gradually carried out in a decided manner.

V) Etudes, p. ;^2, ijl. XLIV, XLV. -) lb. p. 32, pi. XLVI, XLVll, L, LH. ') lb. pi. XLVIII, XLVl.

*) lb. pi. LI. ') lb. p. 1—11, 30, pi. I— V, Vir—X, -XVn. ") lb. p. 7, pi. X, tifr. 91, 92. ') lb. p. 6,

pi. VIII, fi^. 68—73. S) lb. p. 6, pi. VIII, fi-. 74—78. ") lb. p. 0, 3(;, pi. VII, fi-. 61—66. '») lb.

p. 6, 36, pi. Ill, fisj. 32—40, IV, 42—45; V, 48.
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the sphei'ids, mostly uncovered, — Lovenia alone having theiu recondite, — ai'e often

more or less unequally disposed, generally with some relation to the distribution of the

])hyllodean pedicels. Thus they generally are fewer on the front ambulacrum, III, in

:i greater number, though arranged in the same manner, on the two ]3aired ambulacra

of the trivium, II and IV, and most numerous, and not seldom somewhat differently

disposed, on the liivium, as may be seen more particularly in Moira, Schizaster, Bris-

.sus, Plagionotus. Appertaining, as they do, to the ambulacral system, they obey, in

their mode of appearance during the development of the individual, the law govern-

ing the growth of that system. Accordingly, in the very young animal the first

spherid appears on each of the plates I b, II h, III a, IV b, V a, the second on plates

I a, II a, III b, IV a, V b, and so forth, and in the same order also they are shed

in the Echinidaj^), and grown over in the Cassidulida'"). Consequently, in the Sjiatan-

gidaa, the plates bearing the first spherids are those having a single pedicellar pore,

while the second spherids appear on the biporous plates.

All this is very different in Pourtalesia Jeffreysi. There are only foui' spherids,

PL IV, Jig. 15. Of these the two are placed one on each of the two first single plates

of the bivium, I 1 and V 7, not far behind the pedicellar pore, close to the external

suture, in a depression partly extending to the adjoining plate of the trivium. In the

same manner the tAvo other are placed on the plates W a 1 and IV b 1 of the tri-

vium. They are all sub-globular, those of the first pair somewhat larger than those

of the second, and all are uncovered. With the spherids of the Spatangida^ they agree

also in their proximity to the suture, and in the leaning over it, a feature observable

in the first spherids of the j'oung of these, PL XV, fig. 172, 174, 175, but soon lost ^).

The plates II b 1, IV a 1, and the whole of III, are devoid of spherids. Of the plates

1, / and V, /, the former represents the two peristomals I a 1, \ b 1, and the latter

the two V a 1 and Y b 1, in other Echinoids, and as these two jjairs are ahvays sym-
metrical towards one another on both sides of the middle line, in their joint outline

as Avith regard to their component elements, the position of the two larger spherids

in Pourtalesia Jeffreysi is fully in harmony with the general law. But, according to

that law, the first spherids of the ambulacra II and IV ought to have appeared on II

/' and IV b, that is to say: unsymmetrically, whereas in this Pourtalesia they are placed

symmetrically towards eacli other, as detailed above, ji.g. 15. These spherids, there-

fore, like the rest of the ambulacral elements, are disposed solely in relation to the

actual antero-posterior axis of the skeleton. They are also developed exclusively on

that reduced part of its ventral surface which is in close contact with the ground on

which the animal lives. Their size is relatively considerable. In a specimen of 84

mm. one of the larger spherids measures 0,i'C mm. in length, and 0,-'i! mm. in trans-

verse diameter, and one of the smaller 0,2;{ mm. and 0,vu mm., in the same dimensions.

Compared to a spherid, 0,w nun. in length, taken fi-om a specimen of Meoma ventri-

') Etudes, p. .37, pi. XVTI, fig. 141—147. -) lb. p. ;j(;. pi. VII. W^. Gl— 66. ') lb. pi. Ill, fig. 32,
3.3, 34.
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cosa Lamk. of 160 iinn., and to another of 0,in mm., from an Echinocardium flave-

scens 0. F. M., measuring 28 mm., the relation between the length of the spherid and

that of the whole skeleton is

in Meoma ventricosa as 0,16 to 100,

ill Echinocardium flavescens as 0,5 3 to 100,

in Pourtalesia Jeffreys! as 0,7h to 100.

The increased volume of each, single spherid appears in some degree to make up

for their reduced number, and its efficiency to depend, in some measure, on the ex-

tent of its ciliated surface.

The fragments given me by Sir Wyville Thomson enabled me to examine these

curious organs in three more species of Pourtalesia: P. laguncula, P. carinata and P.

ceratopyga of Al. Agassiz, PI. VI, fig. 37, 38, 40, 41, 44; VIJ, 47, 48, 49, 30. In

these, as in P. Jeffreysi, the entire set is brought together on the sub-labial parts of

the first plates of the four ambulacra I, V, II, IV, there being none on the frontal,

III. P. laguncula has four spherids, one on each of the ambulacrals I a, I b, V a, V I),

PL VI, fig. 37, 38, 40, 41. They are pear-shaped, more lengthened in proportion than

those of P. Jeffreysi, and placed in slight depressions close behind the first pedicels.

In P. carinata, PI. VI, fig. 44; VIJ, 47, their form is the same. I counted nine in

all, one on each of the five first plates of I 6, V a, II a, IV b, IV a, and two on I a

and V b, but it is probable that some more were lost. The pedicellar portion of each

plate is raised, and produced aborally into a projecting point, to which the first spherid

is attached. In P. ceratopyga, PL VII, fig. 48, 4.9, 50, they are like-wise pear-

shaped, and still more numerous. I counted twenty two of them, twelve on the

right, ten on the left, but there had no doubt been twenty four. The plates I n 1,

I /; 1, V b 1, V a 1, had four spherids each, W a 1 and \l b 1 had each two, and IV

b 1 also two, but on l\ a 1 none could be detected, probably from its two spherids

having being lost.

Thus the spherids of the Pourtalesiada? from one species to another seem to difter

more widely in number than those of the other Echinoids. But, whether few or many,

they are always found stationed exclusively on a restricted part of the sub-labial region,

formed by the ambulacra I, II, V and IV, and absent on the part of the peristome

that is elevated above it, ambulacrum III, while in Echinoids generally, in which the

whole of the peristomal region is ventral, they are distributed all around, on all

the five ambulacra, and missing only higher up, on the sides and on the back. Of

whatever nature, therefore, the special changes in the surrounding water may be, that

their ciliated epithelium has to watch for, these changes seem to be of essential mo-

ment to the animal, solely when they take place in the vicinity of the mouth, or

between the under surface and the ground, on which the animal has to find its food.

The pedicels of the Echinoidea, of paramount importance as organs of touch,

of locomotion and prehension, and, in some forms, of respiration, are, however, easily

K. Vet. Akad. Handl. Band 19. N:o 7. 6
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overlooked, and have been much neglected, even in the latest works. Reaumur ^) was the

first who, early in the last century, observed them in a living f^chinus and described

some of their functions. But he was led to state that every single perforation, Mrou-D,

of the ambulacrum answered to a pedicel, and consequently that there were as many
pedicels as perforations. He also seems to have supposed that they are extended from

the interior and drawn in again through the pores. Sixty years afterwards these errors

were corrected by J. A. Gyllenhahl, ^) in the highlj^ remarkable paper in which he

demonstrated the animal nature of the fossils then named »ci'ystal apples", "calcareous

nodules)), or »Aetites», and ranged by Linn.eus among minerals, but which he pi-oved

to be "petrified animals of tlie genus Echinus or its nearest allies". He described two

species, the Echinus pomum, now Sphteronis poinum, and Echinus aurantium, now
Echinosphtera aurantium, both well-knoAvn forms of Cystoidea. Of the former he says:

uTentaculis procul dubio numerosissirais instnictuin (iisdera licet ipsis, prout mollioi'is substantiae, adeoque

petriticationis incBpacibus, iion potuerint non omaino privata fuisse fossilia individua): Cutis enim undique

pertusa est poris minutissimis, orbiculatis : Quorum gemini semper coUocati sunt intra caneellum minutum;

insequilateri-angulatum; fundo convexum; plerumque oblougum ct in singula extremitate pororum altero pertusum».

This he explains thus:

"As »the tentaclesu are to be understood those soft and elastic filaments which in all other Echini are

attached to the surface of the test, each over a pair of small perforations. All the species of Echinus hitherto

known possess cancelli on the surface of the test, corresponding with those described above in outline, in the

convexity of the bottom, and in the test being pierced, Avithin every single cancellus, by two minute perfora-

tions, one at each of its ends, the cancellus commonly being of an oval form. These two pores aflbrd the

communication between the internal parts and the tentacle, the basis of which occupies the entire cancellus,

and consequently covers both pores. In the new fossil species now described the cancelli are somewhat deeper

than in most other Echini, but in some of the irregular Echini I .lind those around the mouth to agree with

them ill this respect also."

And he adds, against Reaumur:
"I have examined Echini of different species, such as they had been taken out of the sea and afterwards

dried, and these I have placed in warm water in order to make their substance swell and resume its natural

shape, and thus I found that, instead of there being one tentacle to each pore, there is one tentacle correspon-

ding to each pair of pores." . . . »It follows that the pores are twice as numerous as the tentacles').

It will be noticed, that Gyllenhahl had an idea that in some of the Echini

irregulares of Linn.eus, the pedicellar pores near the oesophageal opening were somewhat
different from the rest. To the eminent Dane Otto Frederic Muller belongs, however,

the discovery, as early as in 1776, of the peculiar structure, in Spatangus purpureus, of

its circum-oral pedicels, of which, in the following year, he published a magnified figure,

') Histoire de I'Academie Royale dcs Sciences. Annee MDCCXII. Avec les meinoires de mathematique
et de physique pour la raeme annee. Paris 1714, 4:o, Mem. p. 136, pi. 8.

'-') Jon.\N AuRAii.^M Gyllenh.ahl, in his twenty second year, communicated to the B. Swedish 'Academy of

Sciences the above quoted memoir: Beskrifning pa de s.l kallade Crystall-iiplen och kalkbollar, sasora

petreficerade djur af Echini genus, eller dess niirmaste slagtingar. Kongl. Vetenskaps-Akademiens Hand-
lingar for Sr 1772, "Vol. XXXIII, p. 2;-i9. Translated into german in: Der Konigl. Schwedischen Aka-
demie der Wisseiischaften Abhandlungen aus der Naturlehre, Haushaltungskunst und Mechanik, auf das

Jahr 1772. Aus dem Schwedischen iibersetzt von Abraham Gotthelf Kiistner. Bd. XXXIV, p. 231.

Leipzig 1776. — J. A. Gyllenhahl, elder brother of Leonard Gyllenhaal, the eminent author of

"Insecta Suecica", was born in 1750 and died in 1788, as Director of the Copper-mines at Atvidaberg

in Ostrogothia.
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as good as any given since. ^) He Avas also acquainted with another sort of pedicels, namely

those belonging to the frontal ambulacrum of Echinocardium flavescens, and possessed

figures of these, made by his brother and draughtsman C. F. Muller. These figures,

however, were not published till long afterwards, in 1789, by Abildgaard ) who was

well aware of the distinctness of the frontal pedicels from those surrounding the mouth.

It will seem that 0. F. Muller had regarded both as being of one and the same sort,

when he made use of their structure, very happily after all though, as an essential

character distinguishing his genus Spatangus: ^ttentaculis peniciUatis^\ from the genus

Echinus: ^Hentaculis shnplicibus-n. ^) This is indeed the first important step towards a

rational dismemberment of the great Linna>an genus Echinus, and 0. F. Muller is to

be considered as the real author of the natural genus Spatangus since adopted by

Lamarck. The name, borrowed from Aristoteles, had been in use with the Museo-

graphers of the pre-Linnajan era for certain artificial divisions.

It is, however, mainly to the account given by Johannes Muller'') of the various

kinds of pedicels occurring in the Echinoidea, that we have to turn for the principal

source of information respecting these important organs. After having remarked that

not all the regular Echinoidea ai'e homoiopodous, that is, have the whole of their pedicels

terminating in. a sucking-disk, as Duvernoy had presumed, but that certain genera, as

Echinocidaris, Astropyga, Diadema, and Colobocentrus, have the dorsal pedicels simply

pointed and flattened, and, the last named genus excepted, plaited on the sides, thus

suggesting a respiratory function, he proceeds to give the following general description

of these organs, as they occur in the Spatangida^. In this group four different kinds

of pedicels may be distinguished: 1) simple locomotive pedicels with truncated or

rounded tops, destitute of sucking-disks; 2) locomotive pedicels provided Avith a terminal

circular sucking-disk, either crenulated at the margin and strengthened inwardly Avitli

radiating calcified laminae, or divided into radiating processes containing calcareous

rods or lamels; 3) tactual, penicillate pedicels, ending in expanded brushes of club-

shaped filaments, inwardly sustained by calcareous rods; 4) branchial pedicels, ambulacral

gills, having the shape of triangular leaflets with plaited sides. In one and the same

ambulacrum there may be found two or even three of these kinds succeeding one

another, between the peristome and the dorsal pole. Wherever a fasciole is present, one

kind of pedicels is peculiar to the area it circumscribes. In the genus Spatangus Joh.

Muller recognises three kinds: tactual, locomotive and branchial. The circum-oral

pedicels of all the five ambulacra are tactual and penicillate, the rest of the ventral ones

simple and locomotive. Within the sub-anal fasciole there stand on either side three

') Zoologia; Danicfe Prodromus, 1776, p. XXIX. — Zoologia Daiiica, I, t. VI, fig. 5, 1777; latin letter-

press, in 8:0, 1779, I, p. 11; in fol., 1788, p. 5; clanish letterpress, in foL, 1781, p. 19. The

erratum, Zool. Dan. Prodr. p. XXIX: "ano infero", is here corrected to "auo laterali".

-) Zool. Dan. Ill, p. 17, t. XCI, fig. 4. «Terminantur disco radiato, radiis clavatis, alternis longioribus.

Tentacula vero, qu* poros ad circumferentiam oris trauseunt fasciculo penicillate filamentis capitatis

coniposito terrainanturo, Abildg.

3) Zool. Dan. Prodr., p. XXIX.

^) Ueber den Bau der Echinodermen. Abhandl. d. K. Akademie d. Wissensch. in Berlin, 1854, sep. p. 26,

pi. III.
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penicillate pedicels, belonging to the inner rows of the bivious ambulacra, the fasciola

Traversing their plates. The front ambulacrum, which is never seen to bear gills, has

simple locomotive pedicels, continuing all up to the calyx. But then in this genus the

l)eripetalous fasciola is absent. Brissopsis, Schizaster etc., on the other hand, are pro-

vided witli a peripetalous fasciola, and Echinocardium with an internal fasciola, and,

within the boundary of either, the frontal radius presents a set of peculiar pedicels

with crenulated or stellated disks, but outside of it only simple locomotive pedicels.

In Brissopsis and Schizaster the disks contain radiating lamintB, ') as likewise the finger-

like processes of Echinocardium. ^) The internal fasciola of this latter genus traverses

not (inly the front ambulacrum, but also the tops of the four petals, and the apical

])iirts of these that fall Avithin the fasciola, bear no branchial leaflets, only very minute

simple pedicels.

The penicillate circum-oral pedicels of the five ambulacra Johannes Mulleb found
similar in all the genera examined, and, in all of them, subanal penicillate pedicels, in

Brissopsis, as stated above, three on either side within the sub-anal fasciola, in Schiz-

aster canaliferus, which is prymnadete, seven on either side, at a distance from the

periproct, not between it and the posterior fasciola, but in front of the latter.

To this account may be added the previous researches of Erdl and Valentin,

and those of subsequent observers, as Al. Agassiz, Hoffmann and Perkier. ^)

In my former memoir on Echinoidea I abstained from entering upon any detailed

description of these organs, and gave only a short notice of their structure and distri-

bution in Brissopsis lyrifera *), and of the primordial pedicels in Toxopneustes dros-

bachcnsis '')• I expected to have, sooner or later, richer materials to examine. Although
this liope has but partially been realised, as it is of some importance to compare the

pedicels of Pourtalesia to those of the Spatangida?, in pai-ticular, and as I shall have
no more occasion to revert to the subject, I here give what has hitherto been attainable

to me, from which it will appear that these organs, overlooked as they have been,

are well worth a much closer investigation than what I have been able to bestow

upon them.

To the whole region around the peristome Desor gave the name of njioscellen ''),

retaining that of nphi/Uode» for the part of each ambulacrum contiguous to the stoma,

often distinguished by a somewhat expanded surface, and always by the presence of

>) 1. c. pi. Ill, fig. 6, 7.

-) 1. c. p. 29, pi. Ill, fig. 4, 5.

') Valrntin, in Agassiz, Moiiographies d'Echinotlennes, IV, p. 37, pi. 4, Echiiuis; 1842. — Ekdl, Wieg-
manns Archiv, VIII, 45, Taf. II, uEchinus saxatilis"; 1842. — Alex.\ndeii Agassiz, Ilev. of tlio Echinidiie,

I, p. 693, with numerous figures. — Hoffmann, Znr Anatomie der Echinen u. Spatangen, Niederlan-

disches Arcliiv fiir Zoologie, I, 1871, p. 75, 80. pi. X, fig. 78, 88— 90. — Perkier, Recherches sur

ies P^dicellnires et les Ambulacres des ast^ries at des oursins; deuxieme partie, Ann. d. Sc. nat., 5:me
ser., XIII, l870, p. 1, 61: Ech. irreguliers

;
pi, 6, fig. 2, 8, 5: Araphidetus; 4, c— e, 7, c: Spatangns;

6, 8, 9: Brissopsis; 10: Brissus; ib. XIV, n;o 8: Eehinoneus.
*) Etudes, p. 10, pi. I, fig. 1.

•) Ib. p. 27, pi. XVII, fig. 149—152.
*) Synopsis des Ecliinides fossiles, 1858, p. 247. In creating these appellations Desor had in view the

Cn-isiduiidse alone, but they are equally applicable to the corresponding parts of the Spatangidne.
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conspicuously large pores. The pedicels belonging to this region may be called phyllo-

dean pedicels. In all the species examined the tubular shaft of" these pedicels termi-

nally expands into a circular convex disk, which, in the great majority, bears numerous

capitate tilaments covering its whole surface, PL VIII, jig. 64. They are disposed in

concentric circles, and longer and more closely set at the margin, slightly shorter to-

wards the centre, thus forming, with their tumid tops, almost a section of a sphere.

Each filament contains a prolongation of the clear and homogeneous layer of the tube,

and, imbedded in it, a slightly arched calcareous rod, by which the filament is kept

rigid and in supination, PL VIII, jig. Jo, 56, 38, 60. This rod, in the great majority of

species, rises more or less centrall}' from a circular basis of areolar texture, in its imma-

ture state not unlike the wheels so frequent in Holothuria^, PL XI, jig. 121. On its

under side it presents a prominent nave, PL VllI, jig. 63, while on the upper side a

number of its fibres unite in forming the rod, which in some species is linear, in others

at first contracted, then in most cases slightly widening, again attenuated and obtuse

at the top, sometimes faintly clavate; dense and smooth, as in Brissopsis, Schizaster,

Echinocardium, or presenting internal ti-aces of meshy texture PL VIII jig- 59, 60,

and a rough, even spiny surface, as in Meoma, Lovenia, Spatangus. In Urechinus

Naresianus, jig. 56, the rods are rather strong, not solid, but areolate throughout.

Generally the conformation of the I'ods resembles a simplified miniature of that of a

spine or radiole.

On the structure of the tumid tops of the filaments in Brissopsis lyrifera, I

formerly made some observations, PL IX, jig. 80, 81, 82. From a thin layer, a plexus

surrounding the homogeneous central substance, numerous nervous fibres are seen to

traverse the connective tissue towards the inside of the external tegument, and there

to form nucleated multipolar cells in close proximity and connexion with the bases

of very minute, scattered, rigid and motionless hair-like processes on the external sur-

face, which is devoid of vibratile cilia. From this structure the tactual function of

the phyllodean pedicels appears to be fully confirmed; I give it here with a view of

inducing further research, and at the same time will draw attention to the peculiar

forni of the tops of the filaments in Metalia, Lovenia and others, observed in Speci-

mens too long preserved in spirits to bear with a closer examination, PL VIII, Jig.

61, 62.

From this description of the phyllodean pedicels, as I have observed them in

the greater number of known genera, only three of these have presented exceptions,

possibly more apparent than real. In Aceste bellidifera Wyv. Thoms., PL VIII, jig.

67, 68, which in some of its characteristics shows a certain analogy to Schizaster and

Moira, even in the strangely forward position of the oesophageal opening, — an ex-

aggeration of a feature not altogether foreign to tliera, — I found the disks of the

phyllodean pedicels croAvned only Avith a double marginal circle of filaments, leaving

the central part naked, and raised into a high, rounded protuberance, Avhich, when seen

from above, presents distinct traces of five converging plicatures. Palteostoraa rairabile

Gray pi-esented forms very similar, PL XVI, jg. 192, 193. In Palaeotropus Josephina? n.

were found, among the regular phyllodean pedicels, some, jig. 72, that presented the
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same aberrant structure. It will be seen further on, that this structure is peculiar to

the subanal pedicels, and it may be that in the cases here mentioned it is assumed

by the aborally most distant among the phyllodean pedicels.

The mode of development and the growth of the phyllodean pedicels may be seen,

partially at least, in very young specimens. In the young Abatus cavernosus, still

astoraous and aproctic, PL XIV, fig. 163, there are five in the ambulacra I and V, two

of which are in the \ a 1 and two in V b 1, one in each oi I b 1, 2, 3, and of V,

a 1, 2, 3; in II and IV: two in a, 1, one in a 2, and one in each of b 1, 2, 3; in III:

two in b 1, one in b 2, and one in each of a 1, 2, 3. They are all simple, rounded,

elevated knobs. The young of Echinocardium flavescens O. F. M., PL XV, fig. 172.

measuring only 1,7 millimeter without the spines, having the pentagonal peristome

placed only a little before the middle, with the newly-formed oesophageal opening in

its very centre, and presenting the five first spherids, one in each of the uniporous

plates 1, ^) has fifteen phyllodean pedicels: two in each of the bi-porous plates, one on

each of the uni-porous. The following plates are also provided with pores, but the

pedicels beginning to form over them could not be discerned, probably from their too

great transparency. Each of tlie fifteen pedicels presents a short tubular shaft, and a

simple, tumid, semi-globular head, in the centre of which is seen a roundish, convex
lamina of calcified reticular tissue, fig. 176. In a specimen only a trifle larger, l,'.t mm.,

fig. 175, the head of the pedicel of one of the uniporous plates, V a, fig. 177, has

become ovate, and two circular wheels have begun to form on its centre-piece, one of

them directed against the small end of the head, the other, smaller, nearly opposite,

and on their outer sides the calcified fibres are seen to interlace and protrude. In

the pedicel of V,
fig. 175, 178, two rounded lobes have grown out, and to each of them

there is a corresponding wheel, on the point, as it appears, of coming off the central

network, and out of its fibres the rod is seen to rise outwardly. Similar changes are

seen in the young specimen of Abatus cavernosus, in which the oesophageal opening

is just on the point of forming. ") In another specimen of Echinocardium flavescens,

of 3 mm., fig. 174, which has the oesophageal opening moved a little behind the centre

of the pentagon, the second pair of plates, in each of the paired ambulacra, presents

their newlj^-formed pedicels. The disk of the older pedicels has now expanded into

two or three lobes, fig. 179, 180, each containing a wheel, free from the central net-

work, and with a lengthened rod. Underneath are seen the long, arcuated, spinj^,

transverse spicules of the ring. The central network seems not so large, relatively to

the expansion of the disk, as it was at first; in adult specimens it is absent, as

generally among the Spatangidaj, a store used up by the growing rods. A specimen
of 5,3 millimeters has disks,

fig. 181, with eight clavate filaments, forming a marginal

circle, and one that seems to begin another, inner circle. Their number appears to

increase rapidly; a Spatangus purpureus of 14 millimeters already presents the same
number as one of 51 millimeters.

1) Etudes, p. 36, pi. Ill, fig. 33—3.5.

-) See •n'oodcut p. 26.
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It follows from what has been detailed here, that the phyllodean pedicels of the

"Treat majority of the Spatangida^, when forming, begin with a circular top, strengthened

by a central calcareous network, that is, by a contrivance like that which is permanent

in the Archteonomous Echinoidea, and chiefly subserves locomotion, but that they soon

pass through this stage, as transitoiy, and develop into organs of a higher function,

that of touch.

The distribution of the phyllodean pedicels among the five ambulacra, and the

form of the phyllodes, ai'e different in the diiferent genera. The two bivious ambu-

lacra I and V always symmetrise with one another in this, as do also the two paired

ones, II and IV, while the front ambulacrum III, the odd one, stands alone. Whenever

the two series a and h differ in the number of their phyllodean pores, it is the uni-

porous series, I 6, II h, III a, IV h, V a, that presents the additional pore, all in

accordance with the universal rule. The two paired ambulacra of the trivium, II and

IV, present the most highly developed phyllodes, and the greatest number of phyllo-

dean pedicels. In Maretia planulata these are seen to number eleven in each series,

in Meoma ventricosa ten, in Brissus Scilla3 nine, in Desoria australis eight, in Agassizia

scrobiculata seven, in Spatangus purpureus six, in Breynia australasite, Plagionotus

pectoralis, Faorina chinensis and Schizaster fragilis, live. On the other hand there

are only four in Brissopsis lyrifera, Moira atropos and Abatus Philippii, three in Mi-

craster cor anguinum, Kleinia luzonica, Echinocardium cordatum and Lovenia elongata.

But still the number always equals, often exceeds that of the corresponding pores in

the bivium. In the frontal ambulacrum the number of phyllodean pores is often less

than in the bivium, in a few cases it equals them, and in still fewer exceeds them

slightly, as in Brissus Scilla;, Plagionotus, Brissopsis, Maretia planulata. It follows

from this that the floscelle has its greatest extension in the transverse direction.

In each phyllode the pedicels are largest in the proximity of the peristome, the

more remote gradually becoming smaller, and less rich in filaments. They are, however

rather suddenly replaced by simple pedicels, small and slender, terminating in a conical

or truncated top, which, in most cases, is surrounded by a waved margin, as in Bris-

sopsis lyrifera, Fl. IX,
fi;]. 83, 84^ Moira atropos, PL X, fig. 110, Lovenia elongata

Gray, fig. 107, 108, Schizaster japonicus Al. Ag.,
fi.g.

Ill, and thus somewhat like the

pedicels in Rhynchopygus pacificus Al. Ag., PL XI, fig. 118, 11.9. These simple ventral

and lateral pedicels become very slender and minute, more particulai'ly in the bivium

and the paired trivious ambulacra, and their pores are very small, all up to the petal.

In the bivium, however, this holds good only with regard to the exterior rows of plates,

the I b and V a. The two interior rows, I a and V b, very generally have their series

of simple pedicels interrupted by the sudden appearance of the stout, peculiar, subanal

pedicels discovered by Johannes Muller. Introduced in the earlier Spatangidte, the

Prymnadetes, in an uncertain and, as it were, a hesitating manner, these pedicels be-

come in the Prymnodesmians a constant and striking feature. The subanal fasciola,

in traversing the bivious ambulacra, ^) marks off their five foremost plates, 1—6, and

') Etudes, p. 15, 69; pi. XXXII, fig. 200, — XLIII, fig. 232.
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never more nor fewer, as ventral, the sixth of the inner row being intermediate, half

ventral, half lateral, resembling the preceding in the size and position of its pore and

the form of its simple pedicel, but extending itself inwardly like the succeeding, while

the seventh + x following, have their pores transferred towards their opposite, inner

extremity, and their pedicels, specialised in a peculiar manner, thus brought within

the fasciola. This is the momentous modification of the Spatangean skeleton, brought

on for the first time in Micraster during the Middle Cretaceous era. Generally, if not

throughout, the subanal pedicels are penicillate, as stated by Johannes Mullek, and,

at the first glance, they appear to be like those of the phyllodes, only that the disks

are somewhat smaller, the filaments more unequal, as if disposed in five groups, and

their terminal heads more tumid. On a closer inspection, however, this similarity is

found to exist in but very few genera, as far as is hitherto ascertained, only in Echino-

cardium, in Lovenia, and perhaps in Breynia. In these the filaments are seen to cover

the whole sui-face of the disk, though not quite so densely as in the phyllodean pedicels.

In Echinocardium also the rods are much stronger, more particularly in E. cordatum

Penn., PL Vlll, fig. 07, in which species they are rather thin near the base, and from

thence increase in thickness, so as to become four times as strong as those of the phyl-

lodes, spindle-shaped, and nearly solid. The heads of the filaments, among which the

marginal ones are the longer, are very tumid. So they are in Lovenia also, the rods

being likewise sti'onger than those of the phyllodean pedicels, PL Vlll, fix]. o9, 60.

But, unlike these, the great majority of other genera present a different arrangement.

In Spatangus, Maretia, Brissopsis, Kleinia, Brissus, Metalia, and, as it seems probable,

in Eupatagus and Linopneustes, among the Prymnodesmians, in Agassizia, Schizaster,

Abatus. Hemiaster among the Prymnadetes, the pencil is made up of a few circles

only of filaments, placed round the margin of the disk, so as to leave bare its central

part, and within this there rises a cupola-shaped or even subglobular protuberance,

surrounded by an open circular space, and commonly presenting on its top a central

depression, in which about five folds are seen, indicating about five convergent, more

or less distinct lobes. In Brissopsis the central protuberance sometimes shows eight

to ten such lobes, nearly closing over the middle, sometimes, when subjected to pres-

sure, taking the shape of a waved brim all around a flattened cup supported by five

calcified areolar lamels, PL IX, fig. 8.5. So it is also in Brissus. In the like manner,

the large central protuberance in Kleinia luzonica presents four or five triangular con-

verging lobes almost closing over the middle, while in Spatangus purpureus it is rela-

tively small, but high, apparently without any distinct lobes, supported by a convex

areolar lamina, and surrounded by a broad circular space, and a marginal croAvn of

filaments with very strong rods and very tumid heads.

In Agassizia scrobiculata Val., PL Vlll, fig. 6'J, the inner filaments are sliort,

and the central protuberance, rising vertically and convex above, presents five tri-

angular, thin, converging lobes, supported beneath by five coarsely areolar, calcified

lamina3. In Schizaster japonicus Al. Ag. the whole of the central surface is occupied

by the convex protuberance, presenting three to eight subtriangular, convergent.
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apparently very thick lobes, separated by deep grooves, and in some cases forming

in the middle a funnel-shaped depression.

The structure thus described, the central protuberance, provided with flexible

lobes resembling lips, sometimes found closed, sometimes open and expanded, in a certain

degree calls to rai:ul the sucking mechanism seen in Starfishes and Archaeonomous

Echinoids, as also in many other Echinoderms. If an Asterias rubens is brought to

fasten some of its pedicels on a covering-glass, and this is placed under the micro-

scope after the pedicels have been cut off, their tapering tops, desti-

tute of any calcareous support, are found to be flattened against

the glass, thus forming temporary disks, and their central parts are

seen to be drawn in conically into the tube, by the action of some

of its longitudinal muscles. If covering-glasses are strewn about in

a vessel where specimens of Toxopneustes droebachensis are kept

alive, these readily take to lifting some of them, and keeping them ,^^~~~

hanging on their backs, perhaps mistaking them .for fragments of ii""i

dead shells, like those they are said to make use of in disguising, bucking pedicel of Asterias

Preparations for the microscope are thus obtained of the disk in

adhesion, the pedicels of this species keeping their hold more persistently after am-

putation than do those of the Starfish. If the glass is detached by pulling, some disks

will let go their hold, each leaving behind a circular raai-k, a thin film made up of

fragments of its cuticula, spread all around a clear spot in the centre, where there had

been no adhesion. But other pedicels will part, and their disks, left adhering to the

glass, PL XI, fig. 112—115, present within the broad circular and regularly waved

margin, a flat surface, fig. 113, in whose centre an angular depression is seen to give

off radiating, graduallj' less defined plicatures. Beneath this depression bundles of

delicate muscular fibres come in sight converging from below, fig. 112, 114, 115, by

the action of which the central part is drawn in. It will appear that suction is brought

about in consequence of the capacity of this depression being thus increased.

Experiments on living Spatangi are necessary, before it maj' be safe to conclude

from a certain resemblance in structure to a similarity of function, but meanwhile it

seems at least allowable to look upon the subanal pedicels, in the genera enumerated

above, as a combination of a marginal, tactual, with a central, sucking apparatus, and

the whole as a union of a feeler and an instrument of prehension.

For locomotive purposes most of the Spatangidna, being normally burrowers,

chiefly use the strong oar-like spines of the sternum, and are never seen to climb the

walls of glass-vessels, as do the true Echinids by means of their powerful pedicels.

In close accordance with the amount of muscular exertion thus displayed by the last

named, stands the superior solidity of the calcareous lamels and spicules that underlie

the adhesive surface of their disk. These have been described by various authors.

In Toxopneustes droebachensis, PJ. XI, fig. 112, four reticular laminge, concentric and

adjacent to one another, and, if I am not mistaken, united by short muscles, inwardly

inclose a circular open space, and outwardly send out strong points, at regular inter-

K. Sv. Vet. Akad. Ilaudl. B. 10. N:o 7. (
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vals, answering to the reentering angles between the marginal undulations. Their inner

margins and their outer circumference are raised above the rest of the surface.

Very similar lamels are seen in Echinoneus, PI. XI, Jif/. 116, 117, which is homoiopodous.

Close under this circlet of areolar lamels thei'e lies, in the last named genus, fig. 117

,

as well as in Echinoids generally, fig. 114, 115, another set of calcareous ossicles, com-

posing what may not improperly be named the foot-ring. This is for the most part

composed of a single series of lengthy and arcuated spicules, outwardly smooth, in-

wardly areolar and frequently spinose, and placed transversely in such a manner as to

overlap one another and to form together a quadrangle, or much more commonly a

ring, encircling the tubular shaft. And, lastly, there follows, through the whole length

of the shaft, the series of the well-known minute, numerous, arcuated and fusiform

spicules.

The pedicels of the Spatangidie possess calciiied tissues answering to tliose in the

Echinidffi just described. Their phyllodean pedicels, however, seem to be devoid, in

the adult, of anything comparable to the strengthening lamellae universally present in

tlie suctorial disks of the Echinida3. It has been shown above that in the phyllodean

disk of a very young Echinocardiuni flavescens, a calcified network is primarily de-

posited, evidently corresponding to that seen in the sucking-disk of the young Echinus'),

but also that it graduallj' diminishes, being, as it seems, dissolved and converted into

the permanent form of the filamental rods, while the tactual function of the disk is

preparing by means of the successive development of additional filaments. And long

before these have reached their due number, the primary net-work has disappeared,

at least I have searched for it in vain in the adult. It seems to be replaced, very

generally, if not universally, by radiating vertical septa, PI. VIll, fig. 64, composed of

areolar lamels of irregular form, fig. 78, in some way connected with the annular spi-

cules to be described hereafter. And likewise, when the sul)anal pedicels are constructed

upon the model of the phyllodean, as in Echinocardium and Lovenia, there is no trace

of strengthening horizontal lamina3.

On the other hand, when the disk of the subanal pedicels is provided with a

central protuberance, apparently adapted for sucking, as in the genera enumerated

above, this protuberance is often, though, as it seems, not always, underlaid with calci-

fied lamina^ which, however, nowjiere possess the solidity or the regular form obser-

vable in Echinids. Tluis in Brissopsis Ij^rifera, PL IX, fig. S5, there are five such

separate, but contiguous lamina>, in Agassizia scrobiculata, PL VllI, fig. 65, likewise

five, of a somewhat triangular shape, in Brissus compressus Lamk., /zy. 74, five, minutely

areolar, contiguous, outwardly bi- or tri-lobate, while in Brissus mediator n., fig. 75i

and Maretia planulata Lamk., they seem to form a convex, continuous expansion, out-

wardly of a more open texture, inwardly closer, supported on the underside by slender

radiating ribs. — In the simple slender pedicels, ventral as well as lateral and frontal,

the like structure obtains, a terminal combination of about five areolar lamellaj forming

a somewhat convex layer, beneath the surface of the top.

>J Etudes, p. 28, pi. XVII, fig. 149, 150.
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It follows from the general description here given, tliat the subanal pedicels, even

in the antique form of Heniiaster, are penicillate, either totally, or, in most cases,

partially, serai-penicillate, that is: partly suctorial, partly sensitory, the central space

being occupied by a labiate elevation, and the periphery bearing clavate filaments.

It is therefore rather surprising to find two genera distinctly different from the rest

in this regard.

Palajotropus Josephina^ n. '), which deviates so widely from the Spatangean type,

by its simple ambulacra, dorsally apetalous, and by the absence of branchial pedicels,

— of the usual form at least, — but which is still provided with at least semi-peni-

cillate phyllodean pedicels, presents, within the subanal fasciole, on either side, two

plates, 7 and 8, bearing pedicels, PL VIII, Jig. 73, larger than the rest, but devoid of

the usual marginal crown of filaments, and presenting only a circular disk with a

waved margin, strengthened by about eight areolar, subtriangular, coTiverging lamels.

In Meoma grandis and M. ventricosa a similarly exceptional structure occurs. The

phyllodean pedicels are normal, very strong, and rich in filaments. Within the

bivium they are such in I a, plates i and 2, in I b, plates 1, 2, 3; in V a, plates

1, 2, 3, in V b, plates 1 and 2. Then come, abruptly, very minute, simple pedicels,

each terminating in a small disk, the diameter of which is less than that of the tube.

It has a distinct, but thin and rather .narrow margin, and within that a convex area,

in Avhich are seen four or five converging lobes, leaving a small bare space in the

centre, and underlaid with an equal number of lamels of rather coarse and open net-

work. The pedicels continue such in V b, as also in I a, by the plates 3, 4, 5, 6. With

their respective plates 7 they come behind the incomplete subanal fasciola, but remain

unaltered, only very sligtly larger in plates 7, 8 of V b, and 7, 8, 9 of I a. — These

are the only two exceptions known to me, from what appears to be the general rule.

The number of typical or modified subanal pedicels differs in the different genera,

and among the species of one and the same genus. If the figures given in my former

work, of the skeletal structure of the Spatangidaj are consulted, it will be found that

in all the Prymnodesmians figured, ^) Palseotropus, Micraster, Brissus, Meoma, Spatangus,

Brissopsis, Kleinia, Echinocardium, Plagionotus, Breynia, Maretia, Lovenia, the sixth

plate of I a and V 6, though extended mesially so as to reach within the fasciola,

retains the minute pore of the simple pedicel in its place, near the outer margin and

outside the fasciola, while the true subanal pedicels begin in the seventh plate, their

large pores being transferred towards the inner end of the plate, and within the fa-

sciola. The same holds good in Metalia and Eupatagus, not figured there, and, in fact,

in every species of the Prymnodesmians hitherto examined, from Avhich it may be

allowable to conclude that the same conformation is maintained in the genera Ciono-

brissus, Homolampas, Linopneustes, Argopatagus, of Al. Agassiz. Among the Prymna-

detes it is otherwise. ') The order is even different in different species of the same

genus. Thus, in Schizaster fragilis and Sch. Moseleyi, the subanals begin with the se-

1) Etudes, p. 17, pi. XII, fig. 105; XIII, fig. 108—113; XXXII, fig. 200.

2) lb., pi. XXXII, fig. 200, — XLIII, fig. 232.

3) lb., p. 16, pi. XXVI, fig. 185, — XXXII, fig. 197.
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venth, in Sch. japonicus and Sch. gibberulus with the fifth, in Abatus cavernosas with

tlie eighth, in A. Philippii with the seventh. In Agassizia scrobiciilata and Faorina

chinensis they commence with the sixth, in Hemiastei- Fourneli with the seventh, in

Desoria australis with the tenth.

Among tlie Prymnodesmians perhaps the greatest number of subanal intra-fasciolar

pedicels occurs in the genus Brissus, they being as many as nine on either side in

Brissus carinatus Al. Ag. '), and at least five or four in Brissus Scillse and Brissus

Garretti Al. Ag. Breynia australasia? has six in I a, seven in V b, the old Micraster

cor anguinum five on either side, Plagionotus pectoralis and Kleinia luzonica four.

In Meoma ventricosa, Bi-issopsis lyrifera, Ecliinocardium cordatum, Lovenia subcarinata,

Maretia planulata, there are three, in Spatangus purpureus and Palajotropus Josephine

only two. Among the Pryranadetes the diversity is greater, Agassizia scrobiculata

possessing five or six, Abatus Philippii, Desoria australis, Faorina chinensis three,

Heiniaster Fourneli Des. as many as eight.

A very young specimen of Brissopsis lyrifera, measuring only 4,0 mm. in length, ^)

has the plates 6\ 7, 8, [) of I a and V b extended within the fasciola, and the three:

7, 8, .9, bearing semi-penieillate pedicels, all which is as in the adult. The number
of intra-fasciolar pedicels, normal to each species, therefore, seems to be obtained at a

very early age, so that specimens, inferior in size and presenting fewer subanal intra-

fasciolar pores ought not, on that account, to be taken for juvenile stages of species

possessing a greater number of such pores, and to which they in other respects may
have some resemblance. At the same time, however, it is not to be overlooked that

the number of these pores is sometimes, but rarely, seen to vary slightly in one and

the same species, and that even in the same specimen there may be one more in I a

than in V b, or rice versa. But these are accidental variations, and, with proper care,

the number of subanal intra-fasciolar pedicels may be used, with perfect confidence,

as a specific chai-acter.

Various, with regard to size and form, as are the pedicels of the bivium, the

frontal pedicels, those of the ambulacrum 111, are still moi-e so. In this the phyllodean

pedicels are soon succeeded by simple pedicels. Wherever their succession is not inter-

rupted by a dorsal fasciola, they continue unaltered and of minute dimensions all up to

the calycinal system. Thus it is in Spatangus purpureus 0. F. M., Maretia planulata

Lamk. and Maretia alta Lutkkn. In Maretia ])lanu]ata, PL X, fig. 104, they taper into a

rounded tip, within which are seen reticular lamels. In Spatangus purpureus those

next to the phyllodean pedicels rise abruptly from a large and tumid base, while the

following, up to the calyx, are slender and very small, and similar to the simple lateral

pedicels of Brissopsis, PL IX, Jig. 83, 84, or those of Meoma, PL VIII, Jig. 70, 71,

described above, terminating in a small disk, with highly flexible margin. In most cases

the dense pigment of the top prevents observing its internal structure, but, when long

macerated in weak spirits, it sometimes happens to retain the calcareous skeleton still-

coherent, PL X, Jig. 109. Then it is seen, that at the base of the flexible margin

') Revision, pi. XXXI, a, Hg. 3, 4. — -) iitudes p. IG, pi. XXXVII, tig. 12 1».
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there lies a ring of strong, transversal, arcuated and branched spicules, and that the

central part is sustained by about five, finely areolar, converging, and convex lamina?.

Among the genera provided with a peripetalous or an internal fasciola, such

continuance of simple pedicels all through the length of the frontal ambulacrum has

been observed only in Meoma and Lovenia. In Meoma ventricosa and M. grandis,

both of which huge species have a well-marked, though narrow peripetalous fasciola,

the frontal pedicels, PI. VIII, jig. 70, surprisingly minute, present the same uniform

simple structure all along, from the phyllode to the calyx, just as those of I a and

V b do within the subanal fasciola. The central eonvexity is lobate, much as in the

subanals of Schizaster, and the spicular structure is that just described in Spatangus.

Very minute are also the simple frontal pedicels Avithin the internal dorsal fasciola of

Lovenia, PL X, Jig. 107, 108, and similar in structure to those of Spatangus.

Among the Prymnadetes, Hemiaster expergitus n., PL X, jig. 92, ') rhe most an-

cient generic type among recent Spatangidaj, presents, within the peripetalous fasciola,

middle-sized pedicels, terminating in a flat disk, slightly waved at the margin, strength-

ened by ten or eleven elongated, reticular, calcareous lamels, which in their outer,

larger and horizontal portion are of a more open texture and lacerated at the margins,

in the inner, tapering and feebly rising portion, more compact, smooth-margined and

contiguous, leaving a clear space in the centre. Slightly different from this is the

terminal disk in Abatus Philippii, Jig. 91, not much exceeding the tubular shaft, cir-

cular and sustained by areolar lamels up to twelve in number, sub-triangular, rather

flat throughout, more dense and less rough-margined in their inner tapering portion.

But it is in the singular Palteostoma rairabile and in the group formed by Schizaster,

Moira and Aceste, that this structure of the terminal disk is more highly developed,

the pedicels at the same time attaining unusual dimensions, so as to make their rows

form a very striking feature of the frontal ambulacrum. In all of them the disk is

wide, and strengthened by numerous radiating lamina?. In Palseostoma, PL XVI, Jig.

194, it is octo-stellate, and the laminte, outwardly lanceolate, have their inner portions

broad and spade-like. In Schizaster fragilis, D. & K., PL X, fig. 100, its margin is

digitate, deeply divided into from fifteen to twenty three rays, expanded at the top,

each of them for about half or two thirds of its length supported inwardly by a long,

nearly linear lamel, lacerated at its growing end, otherwise nearly smooth-margined,

with its inner portion slightly rising, and tapering to an obtuse point. The same re-

appears in Schizaster japonicus Al. Ac, fig. 101, 102, 103, in which the margin is less

deeply digitate, and the laraellge, even exceeding thirty in number, are very long and

narrow, and have their inner ends slightly dilatated. In Moira ati'opos, fig. 94, 95,

on the other hand, the inner contiguous portions of the lamella? are broad, spade-like

and smootli-margined, thus contrasting with the outer portion which is narrow, linear

and jagged. In Aceste bellidifera Wyv. Thoms., //'//. 96, 97, 9S, which has received its

name from the size and singular appearance of these pedicels, the broad expanse of

the disk is only slightly Avaved in front of each of the twenty to twenty seven rod-

') Etudes, p. 13, pi. XII, Hg. 114—120; XI, tig. 93, 94; V, Hg. 46, 47
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like, narrow lamina', with shoi-tened, acutely triangular inner portions, and lengthened,

slightly widened, and spinous outer portions. In Aceste, Moira and Schizaster japonicus

another peculiarity is met with. The inner portion of each lamella has its margins

thickened and compact on the under surface, and produced on either side into a tooth,

which in the Schizaster, fiij. 102, 103, is strong and directed inward, in Moira, /?,//. 05,

hardly perceptible. Between the thickened margins the under surface is concave, and

the upper, in Aceste, raised into a projecting keel, fig. 97 , 98. It is worthy of remark

that in Schizaster fragilis scarcely a rudiment is to be seen of the whole of this

(;onforuiation, which no doubt serves to extend the attachment of motor muscles.

Among the Prymnodesmians, Metalia, fig. 106, has frontal pedicels nearly like

those of Abatus. A conformation, similar to that just described in Schizaster, reappears

in Kleinia luzonica Gray, whose long and well-developed fi'ontal pedicels end in a

large disk, deeply divided into thirteen to iifteen rays, corresponding to a like number
of laminto, fig. 99, resembling those in Moira, only a little broader, of a more open

texture, and more spiny at the margins. Their inner extremities are also spade-like,

with two distinct marginal teeth. In Brissopsis lyrifera the strong frontal intra-

fasciolar pedicels likewise terminate in a large and flat circular disk, PL IX, /ig. 86— 89,

Avith a waved margin, the regular undulations of which answer to an equal number
of fifteen to eighteen radiating lamin*, resembling those of Schizaster fragilis, subrect-

angular in their longer, external portions, compact, smooth-margined and tapering

to an obtuse point in their internal contiguous portions, and devoid of the marginal

teeth seen in Kleinia. The circular space in the centre generally is perfectly clear,

— numerous observations had indeed made me assured that it were so invariably, till

one specimen turned up, presenting the calcified lamina delineated in fig. 86. Accor-

ding to notes taken long ago, accompanying the figures here given of the disk, as it

appeared in the living animal, these lamels are inclosed in the homogeneous substance,

outside which is seen a complexity of connective tissue and nervous elements, together

with interspersed pigmentary nucleated cells, fig. 88, some deep red, others yellow.

This texture extends to the inside of the epithel. In the interstices between every

two lamina* there is seen an oblong granular body, opa(|ue by transmitted light, white

by reflected light, having all the appearance of a glandular mass, although, at the time,

I could not find an excretory opening. In specimens preserved in spirits it has dis-

appeared almost completely. It may perhaps secrete some viscous substance, by which

minute animals are captured that live above the surface of the clay in which the Spa-

tangus is deeply burrowing, while the tops of these highly extensible, prehensile organs

are playing freely in the water high above. Alone among the species hitherto exa-

mined, Agassizia scrobiculata, PI. X,
fig. 93, has frontal intra-fasciolar pedicels similar

to the subanal. Almost of the same size with these, they likewise end in a circle of

filaments of unequal length, with rods as slender, and tops as tumid, surrounding a

cup-like protuberance with five triangular lobes converging into a central depression,

and overlying a rosette of radiating lamina?.

Echinocardium presents a rather peculiar form of frontal pedicels. In Echino-

cardium flavescens 0. F. M., PL XI, fig. 127— 130, their structure was observed already
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by Otto Frederic Muller, and described by his editor Abildgaard ^), as terminating

in a stellate disk, the rays, fifteen in number, being clavate and alternately longer.

They are robust, straight, obtuse at the top, slightly contracted at the base, and

strengthened by an inner calcareous rod of peculiar conformation, conical, not rising

from the centre of its basal circlet, but almost directly from its very margin, and

made up of numerous longitudinal, linear and straight fibres, with short transverse con-

necting processes, but becoming compact near the point, jig. 129. The central part of

the disk is a cup, fig. 127, the margin of which sometimes is waved irregularly, some-

times formed into lobes closing over it. In Echinocardium cordatum, PL XI, fig. 120

—126, it likewise bears a cuplike projection, the lips of which present various forms,

depending on their different degree of contraction, but it is sun^ounded by a marginal,

single row of numerous, even up to forty, unequal, slender and clavate filaments, each

containing a straight or very slightly arcuated, needle-shaped rod, fig. 121, composed

of a small number of calcareous fibres rising from the margin of the basal circlet of

network, but soon contracting, becoming nodular, swelling again, and spiny near the

top. Neither of these two species of Echinocardium presents any trace of a central

network at the bottom of the cuplike projection. In Breynia Australasia; Leach, PL

XI, fig. 131, the long and slender frontal pedicels, within the peripetalous and internal

fasciola, are provided at their truncated, not disciferous ends, with a few marginal, very

short, conical processes, evidently answering to the filaments of others, each supported

by a strong and solid calcareous rod, with traces of reticular texture only at its base,

and somewhat resembling the rods in Echinocardium flavescens.

The shafts of the pedicels are prolongations of the external tegument, each

rising over a geminous pore. With the exception of the branchial pedicels, they ai-e

cylindrical tubes, flexible and extensible in an eminent degree. In Brissopsis lyrifera,

PL IX, fig. 90, I found the wall to be made up of: an external layer, a; a thick layer,

h, consisting of connective tissue and nervous elements, with imbedded pigment cells,

red and yellow; a thin, homogeneous, transparent layer, c, in which the calcareous

spicules are deposited; another, d, of delicate, transverse, muscular fibres, and, Avithin

that, a much stronger one, e, of longitudinal muscles; and, innermost, /, a rich plexus

of multipolar nucleated cells, the true extension of which I could not make out at the

time, and which seemed to occupy, to a great extent, the lumen of the tube. This struc-

ture was observed in the tubular shafts of the pedicels of the front ambulacrum, and

it appeared to hold good in the others also.

The transverse spicules of the homogeneous layer c are disposed into longitudinal

rows. Generally they are the most minute of all the various calcified deposits, some-

times numerous, and then densely packed in the contracted state of the pedicel, in

other instances rather scarce, even apparently wanting in tlie phyllodean pedicels,

rarely so in the subanal, frontal or ventral. They are more or less arched, sometimes

bent, as in Echinocardium cordatum. III, PL XI, fig. 120; slender, slightly fusiform,

nearly smooth, as in Metalia, III, PL X, 105; Maretia, III, 104; Palajotropus, subanal,

') See above p. 43.
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PL VIII, 73; very minute in Moira, ventral, PI. A', 110; muricate, but rarely areolar,

in Spatangus purpureus, III, 109; Meoma, III, PL VIll, 70; Bi'eynia, III, PL XI, 131;

Brissopsis, ventral, PL IX, S3; Abatus, III, PL X, 91; Ediinocardium, III, P/. A7, 7^.!/,

128. All through the length of the tube they are generally of the same shape, but near

the top they regularly all at once assume peculiar shapes, and combine in forming

the foot-ring, annulus, pseLlion, under the terminal ]jart. In some the elements of

this ring are simply enlarged modifications of those of the shaft, presenting an annular

complication of lengthened, arched, overlapping spicules, sometimes prickly, Brissus,

PL VIII,
fill- 74, sometimes outwardly almost smooth, inwardly spinous and emitting,

at regular distances, strong spikes, Brissopsis PL IX, 8.'>, or connected with centripetal

spokes, as in Bi'issus, PL VIIJ., 75, or in the phyllodean pedicels of Maretia, 64, 78,

which are composed of series of irregular flakes. In others the ring consists of areolar

prickly lamels, small in Spatangus, III, PL X, 109, in Lovenia, III, 107, 108, larger,

subtriangular, as in Echinocardium flavescens, III, PL XI, 128, phyllode, 130. In others

again, as in the subanals af Lovenia, PL VIIJ, 76, Abatus, 77, in the frontals of Breynia,

XI, 131, and in Rhynchopygus, XI, 119, the ring is formed by a single series of de-

tached, irregularly ruuiided, areolar scales. Echinocardium cordatum in this regard

deviates in a most extraordinary manner, not only from its congener E. flavescens,

but from all the rest of Spatangidas. The tubes of the phyllodean pedicels are devoid

of spicules, and the ring is represented by a few small sigmoidal ones only; in the

shafts of the subanals there is a single row of similar spicules, most of them rather

broad in the middle and areolar, and the tubes of the pedicels of the III, within the

fasciola, present two rows of similar suuill and slender, slightly muricate spicules. In

the subanals, as well as in the frontals, there is no trace of a true ring, but close under

the top one single spicule, or in some cases two spicules, suddenly become of an enor-

mous size, PL XI, Jig. 120, 123, lying across the tube, and even exceeding with their

pointed ends the diameter of the crown of filaments, and sometimes simple, sometimes

expanded in the middle, areolar and spinous, /?//. 122. 124, 123. These gigantic spi-

cules, larger generally in the frontal pedicels than in the su])anal, are seen as well in

the common European Echinocardium cordatum Penn. as in that called E. australe

Gray. It is difficult to conceive their probable use, unless they may be some sort of

stinging apparatus, a wc^apon added to the tactual and prehensile parts of the pedicel.

The diversities in form and in function exhibited by the pedicels are re])resented

more or less distinctly by corresponding modifications of those sjjecial parts of the

skeletal framework whicli surround the canals, by which they communicate with the

and^ulacral system in the interior. These parts were called cancelli by older authors;

I shall venture to propose for them the appellation of peripodia.

It was, no doubt, a bright thought of J. A. Gyj-lenhauj,, in those days, now
more than a hundred years ago, to assimilate the »cancelli» of the "crystal applesw to

those of recent Echini, and on that account to tr;insfei' tlieir bearers to the animal

kingdom, ranging them under the great natural genus Ec-hinus, then recently instituted

by LiNNyEUS. And so close is in I'eality, on either side, the general conformity in structure
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of the geminous pores, as to cause the lineage of the Archteonoinous Echinoidea to

gravitate forcibly towards that group of antique Cystoidea of the Silurian era, different

as these no doubt were in other respects, in the total absence, — at least in the

adult, — of a calyx, and in the distribution of the pores all over the perisome.

There seems also to be little reason for doubting the pedicellar character of the

geminous pores in Sphaironis, Eucystis, Glyptosphpera, Protocrinus, Mesites, the less

so since the want of a decisive proof in this regard is supplied, in some degree at

least, by the occasional preservation of the

actual pedicels in a contemporary form of

Echinoids, Botryocidaris Pahleni Fred. Schmidt,

of the older Silurian era. A specimen of

this most remarkable type, for the inspection

of which I have to thank the liberality of

its learned author, distinctly shows, in several

places, long cj'lindroid bodies, having one

of their ends in close connection with an

ambulacral, geminous pore, even so as to

cover it, and for the rest of their length

lying variously bent across the plates, with their free ends gradually tapering into

rounded tips, and thus like the simple pedicels of one of our Echinoids. They even

exhibit traces of having had their tubes strengthened by series of arcuated spicules.

The peripodia, so I venture to call them from analogy, of those archaic Cystoidea

and of Botryocidaris, and, generally, of the Archaeonomous Echinoidea, are built

mainly upon the same model: a wall, more or less raised, incloses an elliptical or

lengthened depression in which, in the great majority of forms, two nearly equal per-

forations open, placed on the longitudinal diameter and separated by a septum, or

bridge, of varying breadth and form.

Pedicels of Botryocidaris Pahleni Fr. Schmiut.

n
Sphseronis

pomum Gtll.

^' #.

Glyptosphiera Protocrinus

Leuch'tenbergi Volb. fragum EiCHW.

Peripodia.

Mesites

Pusirefskii Nik.

In the genera of Cystoidea named

above, their distribution is somewhat

various. In Sphaeronis and Eucystis

the whole perisome is densely crowded

with them, all or nearly all pointing

adorally with their longer axis; in

Protocrinus they are strewn less dense-

ly over the whole exterior, the grooves excepted, and point mainly in the direction

of the mouth, still with a tendency to deviate; in Mesites they are confined to the

perisome and variously divergent. In Botryocidaris they are confined to the ambulacra,

and point all one way. This is also the case with the ambulacral peripodia in all the

rest of the Echinoidea, the direction of their longer axis being towards the mouth,

those of the branchial peripodia of the petala excepted, which normally are transverse.

In PL XII, jig. 132—149, an attempt is made to give a general idea of some

important modifications of the peripodia among the Neonomous Echinoidea. The series

8
K. St. Vet.-Akad. Handl. Bd. 19. N:o 7,
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besjins with the homoiopodous Echinoneus ^), jig. 132, which, as in other parts besides,

retains an Archa^ononious character in the structure of its disciferous pedicels and

their peripodia, very like those of an Echinus, geminous, with the pores nearly equal.

In the Cassidulida?, Jig. 133, the new order has set in, the peripodia of the five petala

being branchial, and very different from those of the phyllodes. In Cassidulus these

last are deep, oval depressions, with the bottom sloping toAvards the adoral end, near

which is the single perforation. In the Spatangida;, including the Collyrites and Anan-

cites, the phyllodean peripodia, by their superior size, gradually become more and

more prominent, at the same time assuming a character of their own that corresponds

to that of their pedicels specialised into organs of sense. They are shown in jig, 134
—148^1 all IV a 1, ear-shaped expansions, contrasting with the rest of the surface by

a compact and glossy texture, generally of an obovate outline, the longitudinal axis

pointing adorally, and mostly towards the mesial suture of the ambulacrum. Within

this expansion, the boundary line of which is slightly impressed, while its surface is

in some forms convex, in others flat or even depressed, the perforations, as long as

geminous, are placed on the longitudinal diameter, the adoral perforation, which is

always present, mostly being the larger of the two, while the aboral has a tendency

to abort. Thus it seems to be the rule, that in the early types, the Adete, Meri-

dosternal ^) forms, both perforations are maintained. In Holaster scaniensis Cotteau,

jig. 134, they are separated by the highest part of the convex surface, and in Anancites

ovata, jig. 135, minute, and kept apart by an ovoid protuberance, — and so it is

in both the two peripodia of IV a 1. The distal peripodium of Hemipneustes, jig.

136, shows only a trace of the aboral perforation, while in the proximal it has dis-

appeared. In Echinopatagus, jig. 137, one of the earliest of Amphisternal ^) forms, the

perforations of IV a 1, reduced in size, are geminous, the bridge being almost as

in the Echini. Among the Prymnadetes the two perforations are maintained in

Hemiaster, jig. 138, and in Faorina, jig. 142, in others the aboral perforation aborts.

How this is done may be observed in Schizaster japonicus, jig. 140, or in Sch. Mose-

leyi. The aboral perforation contracts, and is moved towards the adoral, while the

bridge gradually narrows, till at last it opens, and the two make one, the trace of the

passage being overgrown with calcareous tissue. In fullgrown specimens of Schizaster fra-

gilis there are still some geminous perforations left, in Sch. gibberulus and in Moira

atropos they are all simple. So they are also in adult specimens of Agassizia and

Desoria, while in Abatus Philippii a process obtains similar to that in Schizaster ja-

ponicus. Lastly, among the Prymnodesmians, the latest and the most advanced of

Neonomous Echinoids, the geminous pore, strictly kept up even as far as from Melo-

nites, and discarded in a few only of the Prj^ranadetes, their elders, is replaced, as it

seems universally and normally, by a single perforation. So it is in Micraster, Bris-

sopsis, jig. 143, Brissus jig. 144, Spatangus jig. 145, Lovenia fig. 146, Maretia fig. 147,

Echinocardium,
fig. 148, and in Meoma, Plagionotus, Breynia, Eupatagus. It is a

change that implies a certain amount of modification in the vascular apparatus. —

') Etudes, pi. IX. -) BIsQig, piece. ^) ^ficpigisQrog, with two breast plates.
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Palifostorna mirabile, fLCf. 139, presents deeply sunk ])hyllodean peripodia, witli the

two perforations not separated, but united by an o])en slit. Tlie specimen examined

is, however, young and still retains this juvenile character, the pore being at first

simple, not geminous. ^)

When the entire series of Adete, Prymnadete and Prymnodesniian Spatangidac

is viewed as a whole, the common characters of their phyllodean peripodia is apparent:

their general form, their great size relatively to that of the other peripodia bearing

tubular pedicels, the parallel direction of the two peri})0(lia of the biporous plates,

the gradually prevailing abortion of their aboral perforation. The similai'ity is in

fact such as to justify the conclusion that the principal characteristic of the modern

Spatangida3, the penicillate ])hyllodean pedicels, was present already in the earliest

Adete forms, in Collyrites, Holaster, Anancites, Hemipneustes, Cardiaster.

Where the penicillate pedicels are succeeded l)y the much smaller simple ])edi-

cels, the peripodia, again with geminous perforations, at once become very minute.

In the Meridosternal Adetes, as in Collyrites, Anancites, Hemipneustes, they con-

tinue so in the five and)ulacra all up to the petala, in Holaster and Cardiaster

through the middle part of the front ambulacrum, and in the four paired ambulacra,

I and V, II and IV, up to their petala, thus suggesting the probable absence, in these

old types, of peculiar subanal pedicels. These appear in tlie Amphisternal Spatangidte

in I a and V 6, supported by peripodia always larger than the corresponding in 1 b

and V a, though in a various degree. Already in Ecliinupatagus, Hemiaster, and in

Palajostoma, that of V b surpasses tliat of V a, and in tlie great majority of recent

forms, Prymnadete as l^rymnodesmian, the difference is more or less marked, jiy. 140

—148. But, as far as my present knowledge extends, the structural differences of the

subanal pedicel, penicillate, semi-penicillate, or simple and devoid of filaments, are

not distinctly associated with corresponding diversities in the peripodium. The peni-

cillate subanal of Echinocardium is supported by a peripodium not very unlike tliat

of the simple pedicel of Meoma, and the similarities or dissinularities between the sub-

anal peripodia of different genera appear to bear no very close relations to the resem-

blances or diversities between their pedicels. The like seems not far from being

the case with those of the front ambulacrum. There is some resemblance between

those of Hemiaster, jig. VJ8, and of Schizaster, /;//• I4i), — they are lengthened, narrow,

and bridged over by a convex protuberance, — and that of Pala^ostoma, fig. 139, is

not very different — , and these three genera ha\e frontal pedicels with large radia-

ting lamels in the disk; but the nearly similar frontal pedicels of Brissopsis, /.</. 143,

have very different peripodia. Those of the simple frontals in Spatangus, Maretia,

Lovenia and Meoma are minute, those of the more complicated, as in Agassizia and

others, are much larger.

In the greater luunbin- of Neonomous foi-ms, Cassi<luline and Spatangean, the

pedicels of the dorsal portions of the ambulacra are transfornied into but slightly

extensible, generally triangular branchial leaflets. These portions of the ambulacra,

') Etudes, pi. XV 11, li-. 1.51.
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the petala, are in tlieriiiselves uninterrupted, BopeiD) eoutinuutiotis of the ainbulneral

series of phitcs, thus iii Cassiduhis, in the Adetes, in Spatangus, Mieraster, Maretia,

Echinocardiuin, Lownia. When, in others, as in Agassizia, Meoiiia, Brissopsis, Kleinia,

Brissus, Eup;itagus, 1'lagionotu.s, lireynia, they are »chised» inferiorly, this is an acei-

deiital feature, tlie constriction being caused solely by the pressure exerted by the

perii)etalous fasciola. ') The petaline plates are longitudinall}' narrow, extended trans-

versely, and the peripodiunj, generally placed towards the external margin, incloses

with a narrow rim the always geininous, widely separated, transversely placed per-

forations, and unites them with a slender compressed ridge or with a furrow, a more

or less distinct suture marking the junction of the margins from either side. Upon
the Avhole a structure like this is found prevalent in the great majority of forms com-

ing into view from tiie iirst appearance of the Cassidulida?. But among the Spatan-

gidaj their exists a group, of ;i few genera, differing widely enough in other respects,

but held together by a common character, the absence of petala. They are Apetalous;

whether Abraiichian further researches will decide. Their ambulacra, instead of

being, in theii- dorsal portions, deepened and crowded with compressed plates, in order

to give room to numei'ous gill- leaflets, are all along even with the general surface,

and oidy gradually contracting up to the top, and their plates, as high as they are

bi'oad, or nearly so, are regularly hexagonal, the pores being very minute, placed cen-

trally or subcentrally, and the pedicels smiill and simple. These genera are Pala30-

tropus, Argopatagus; Urechinus; Cystechinus; Genicopatagus; Aceste, Calymne, Aerope.

They are all abyssal.

In the vast majority of Echinoidean forms, Arhaionomous and Neonomous, —
and ])resuniably in the whole of them, — it is seen that the adoral and inner perforation

of the peripodium is prolonged into a short and narrow slit, cut through the wall, and

tliat this slit widens below into a separate but smaller perforation. This is very di-

stinctly seen in tlie Cidaridffi, Echinida3, Echinoconidix;, Echinoneidic, and, above

all, in the j)hyllodean peripodia of the S])atangidae. in those of the Cassidulida;, as

generally in the subanal and frontal, as well as petaline peripodia, it is less distinct,

but mostly to be recognised as a minute notch in the wall. This is the particular

little foramen tliat gives passage to the branch of the ambulacral nerve which is seen,

on the inside of the plate, to enter the pore along with the vessel, and, as easily, on

the (nitside, to emerge from it anrj distribute its branchlets, all tlirough the connective

tissue, to the external organs. ")

Such is a sketch of the pedicels in the most prominent of Neonomous Echinoidea,

as they are variously specialised in order to meet reijuirenu'nts nu)re varied than those

essential to the earlier types: ih'veloped into delirate organs of touch, or combining

with tnctual function tliat of prehension, modified foi- purposes still obscure, or evi-

dently subservient to respiration. I have dwelt at some length on these diversities,

with a view not only to add a few facts more to those known already, but mainly to

') Etudes p. 62. -} lb., p. 8, pi. II, fig. 29, 30, 31.
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bring out strongly the great contrast exhibited in this point by the Pourtalesiaclje. For

while these, in other regards, have not a little in eonnnon with the Spatangida-, and

share a few features with the (Jassidulida?, tliey diffei' widely tVoni either in being

homoiopodous. Their pedicels are all simple, and diti'er in size only, the phyllodean

and the upper frontal jiedieels being larger than the rest, wjiieh are very minute,

PL IV, fig. 16, 21, 22; VI, 40, 41; VII, .W. They all terminate in a rounded or

slightly tumid top, which, in some states, is surrounded by a narrow circular brim,

not unlike that of Rli) nchopygus, PL XI, fig. 11^, 119. The very dense pigment of

their tissues so obscures its structure that I could not even make sure of the existence

of calcareous spicules. The peripodia, PL I, fig. 5, 6, 7; IV, 15, 24; V, 27, 29; VI,

44; VII.I 47; XII, 149, not unlike those of the Cassidulidaj, are sunk, and the two

perforations confluent in the pliyllodean and frontal ones, separated in the minute

subanals of V b. In the ventral, subventral and latei'al plates of the ambulacra the

diminution of the peripodium relatively to the entire surface of the plate is carried

to the extreme, it being hardly discernible over the greater part of the ambulacrum,

and far inferior in size to the smallest of tubercles. The ambulacra are also all ape-

talous and perfectly even with the perisome, and all this, combining with peculiarities

of the interradial areas described above, tends to soften down the elsewhere salient

diversities of the two predominant systems, and to give to the whole surface of the

skeleton the character of smoothness, which the Pourtalesiada? have in common with

their fellow-habitants of the great depths, the Apetalous Spatangidae.

IV. THE CALYCINAL SYSTEM.

The homologies of the calycinal system in Crinoidea and Echinoidea. Tiarechiiius. Salenia. Its modi-

fications during geological development. Echinoconidae. Spatangidre. Its decay in the Fourtalesiadije.

Years ago it occurred to me, as it had to others, that the general resemblance

of the )>apical» system in the Cidarid«, Saleniadaj and Echinidai, to the calyx of cer-

tain Crinoidea, might be a morphological fact of importance with regard to a true

perception of the homologies of the skeletal constituents in the Echinoderms generally.

For such is in reality the conformity betAveen the respective parts of both structures,

that, when once perceived, it must leave a strong impression of some hidden meaning

well worth understanding, and often enough it may have called forth reflexions that

far less often were recorded. Louis Agassiz ^) once remarked, as of peculiar interest,

')the correspondence between the development of the calcareous central network)) of

the disk in the young »Startish and the stem of Pentacrinus»; the arrangement of the

five plates »surrounding it and those alternating with them that will form the five

') Twelve Lectures on comparative Embryology delivered before the Lowell Institute, in Boston, December

and January 1848—49. Boston, Flanders & Co. 1849; p. 17, 22, 24, 26.
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rays, and so on, with successive little plates in all the geiieran; »the correspondence

between the plates that prutect the eyes in the Starfish and tlie smaller perforated

plates of the upper disk of the Echini)), as well as that between the »ovarial)) plates

of these and ))the angles between the rays in the Starfish. » Austin ') was of opinion

that, in Cidaris, the ambulacra — in wliirli he seems to have included the ))ocellar»

pieces — »terminate near the apex, which is composed of live plates, each of which

lias a central opening or ovarial aperture. These pieces united may be considered as

the dorso-central plate, in the centre of which the vent is situated». He nowhere

mentions the five genital plates of the Echinoids as collectively representing the dorso-

central plate of Marsupites. Alexander Agassiz, ^) from his study of the ))abactinal»

system in the young Starfish, arrived at the conclusion that its central plate is a solidi-

fied Iiomologue of the basal plates, and that the set of five plates in the angles corre-

sponds to the interradial plates, and the arm-plates themselves to the radial plates of

the Crinoid. Beyrich *) considered the apical system, with regard merely to its position,

as tlic analogon of tlu' C'rinoidean calyx. Ikit in no instance the comparison was
more than mentioned incidentally, well worthy as it seems to be of an examination

in detail.

It was at a very i-emote geological period tliat the classes of the Echinodei-nis

branched off from their ancestral trunk, at the same time inheriting in comuion certain

impoi'tant characteristics, tlic actual pi-esence of whicii still holds together their diversi-

lied forms. Whenever, therefore, we are called uj)on to compai'e the leading features

of one class to those of anothei", we do well to trace them l)ack, as near as we can, to

that common source, for, close as presunjal)ly were, at that starting point of diverging

existence, their mutual resemblances, most of their members have ever since been

going on modifying themselves, each in its own way, some by slow degrees, others

rapidly, every time that a new braiichlct of tlu' group has been developed, and it has

become a delicate task to parallel features that perha[)s have I)eeu only slightly

altered in some type of long-continued existence, with those deeply changed in another,

and that, may be, within the course of a much shorter time.

Typically the »apical» system of the Echinoidea is a radiate structure composed
of: a centi-al pentagonal ossicle; contiguous to each of its five sides one of five other,

hexagonal ossicles, fui-ming a closed ring; and, in the outer angle between every two
of these, one of a second, external, set of fi\c pentagonal ossicles. This is tlie general

formula, which in the Kehinoidea has remained, more or less altered, but ahvays re-

cognisable, from Paheozoic to recent time. If we look lor it in the Crinoidean calyx,

we find it profoundly obscured in the Cenozoic forms, and discernible enough in the

Meso/oic, but it is oidy when we approach the older rala-o/.oie time that forms come
in sight by which we are led to ex|iect to see it elearh e\|ii'essed in some early genus,

coeval in a certain deoi^n' with the oldest nf the Ivdiinoidea. it seemed to me that

') Ann. Nat. Hist., 2:d Ser., VIIl, 285, 288; 18.5.5.

-) Proo. Am. Ac. Arts and So., 1863, A pi-. 14. — Einliryolowy of St;ir(isli. Coiitrihntions to the Nat.
Hist. United States, V, 1804, .50; lleprint 1877, G2.

•') Ueber die Basis dur Grinoidoa Brachiata, Monatsbericlito Akad. Wiss. iScrlin, Fcbr. 1871.
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a near approach to a calyx of that simple description was to be seen in Cyathocrinus,

and one of its species, Cyathocrinus (Poteriocrinus) geoineti'icus Goldf. was therefore

selected to open a series of figures ^) by which, — while leaving to others the more

difficult task of unravelling the perplexedly diversified composition of the Crinoidean

calyx, — I endeavoured to exhibit the homologies between the constituents of the

calyx in that Pala30crinoid and those of the apical system in typical forms of Echi-

noidea. It then appeared that this system is not an assemblage of parts, each con-

trived for the special purpose of subserving the function of an internal organ, one as

a temporary appendage of the excretory opening, another as an accessory of the system

of aqueous circulation, others as bearers of the organs of vision, and others again as

mere holders of the outlets of the sexual organs, but that, in reality, the apical system

is by itself an independent whole, morphologically equivalent to each of the tAvo other

systems, the perisomatic and the ambulacral, constituted of three elements, intimately

combined and normally disposed radiately in regard to its centre. And these elements,

which are rarely seen simultaneously ])resent in the adult, 1 ventured to point out as

homologous: the central one to the whole of the pentagonal Basis (JoH. MCller) of

the Crinoidean calyx; the five ossicles of the proximal set called ngenital" in the former,

to the Parabasalia (JoH. Mui.ler) in the latter; and the five outermost ossicles in the

Echinoid, usually termed "ocellar)), to the Radialia (-bju. Muller) of Cyathocrinus. ")

And it was shown that the same liomologies hohl good in the Asteriadea.

If this view is well based, as I believe it is, it follows that a terminology has

to be found, which may be ap[ilied equally in the different classes, and which desi-

gnates homologous parts by identical apijellations. Now, among the numerous deno-

minations proposed l)y authors, three have been more widely used. The constituents

of the calyx are termed

ill Cyathocrinus: liy

Mli.LEK: Pelvis. Costalia. ScapuliC.

JoH. MiJi.LEK.: Basis. Parabasalia. Hadialia.

Herb. Cirphntek: liifrabasalia. Basalia. Radialia;

in ECHINOIUEA: l)_V

AUTlloitS: Central plati-. Genital plates. Ocellar plates.

The position of the calycinal system, while basal in the Crinoidea, is culminating in

the Echinoidea and the Asteriadea, and consequently any a])])ellation involving the

notion of a basal position must be avoided. On the othef hand, the terms: genital

and ocellar, besides being expressive of incidental relations peculiar to the Echinoidea

and partly to the Asteriadea, cannot by anj^ means be applied to the homologous parts

in the Crinoid. For these reasons, and to avoid multiplying terms alreadj' too nume-

rous, I proposed to retain the old namt; of costals Miller — the quaint allusion it

implies being long forgotten — for that of parabasals Jon. Muller, and thus to define

the calycinal system, or the r-alyx, in the Cyathocrinidie, the Iv-hinoidca and y\steriadea,

•) Etudes, p. 80. — -) Ueher den Ban des Peiitaerinns, p. .'51.
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as typically composed of a central ossicle, five costals, and five radiah. *) I shall make
use of the same terms here, without fear of being misunderstood. When future science

siiall have lying before her, for comparison, numerous forms now undiscovered, and the

perplexities of the present shall have cleared up, the final terminology will come of

itself. ')

What the calyx is to the antique Crinoid, its licmologon is not to the Echinoid,

— its constituents were iidierited morphologically, not their modes of subserviency

to the physiological activities of the animal — ; along with the enormous change in

conditions of existence there have arisen essential alterations of the entire structure.

In the Crinoid, as in the Echinoid, the calyx is noi'mally opposite to the mouth. In

the stalked Crinoid, which feeds by means of ciliary agency, the mouth is directed

upwards, and the calyx, on the darkened side, is the fundamental support on which

the body rests, permanently or temporarily, enclosed on all sides by its perisome,

with its radiating grooves. In the Echinoid, when first seen by us already long since

adapted to a free and ground-feeding life, with the mouth directed downwards, the

calycinal system, permanently adnate, is carried uppermost, towards the light, on the

top of the back, and there, covering probably the dorsal part of the perisome, nor-

oOg>
Cyathocrinna alutar-cus

Ang.
Tiarechiuus priuceps

Laubk.
Salenia sp Cidaris Mercevi

COTTEAU.

mally meets the ambulacra radiating from the mouth, at their growing extremities,

but never lifts or supports them. ^) In consequence of the thus inverted posture,

the inner organs of the Echinoid are to a great extent transposed and brought in-

to relations to the calycinal system widely contrasting with those existing in the

Crinoid. Relatively to the other skeletal constituents the calyx holds its legitimate

position, but under it, owing to altered conditions, an assemblage is brought together

of organs of primary importance: those of vision, — apparently foreign to the Crinoi-

dean type, at least not to be looked for in a homologous place — , those of generation,

of aqueous circulation, and of excretion. And thus, in the Echinoid, the calycinal system

is rendered, to no small extent, a disputed ground, each of these organs tending to

penetrate its substance, and to gain access to the surrounding water.

Of all the Echinoidea at present known Tiarecliiiuis has the most antique looking

(;alycinal system, /-"/. XIII. It is large enoiigli to cover the gi'eater part of tlie dorsal

') Etudes p. 73.

-) It is well known that Miller was inconsistent in tlie use of tlie (cnn "costalsu, hut it has always been
considered allowable to sug!i;est the use in a strict sense (if a term elsewhere vaguely applied.

'^) Etudes, 1. c.
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aspect, and distinct from the interradia by a faint linear impression, discernible in the

largest of the specimens examined onl}'; above it the calyx is slightly raised. The central

ossicle, or what may have filled its place, is lost, and a nearly pentagonal open space is

left in the centre, or rather anteriorly. The live costals are very large, the posterior one, 5,

somewhat smaller than the othei's; they are all hexagonal, with the outward side slightly

truncated for the reception of the narrow middle plate of the corresponding interradium.

The costals 1 and 3 each bear a slightlv tubular pore, apparently sexual, placed towards

the inner margin. Water-pores were not to be found. The radials are pentagonal, eacli

contiguous to the top of an ambulacrum; there is no trace of an ocular pore, if this be not

marked by a slightly larger granule observable in two or three of them. The whole

calyx is covered with a dense granulation similar to that of the interradia, but without

any indication of linear arrangement. The whole, costals and radials, appears as if

of one piece, the sutures being excessively fine, and to be elicited only by the treat-

ment mentioned above. 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 Palasocrinoid, and to justify

a desire to turn the Echinoid upside down and to see the

calycinal system in its imaginary original position, when it form-

ed a part of some remote ancestral type. In this aspect the

resemblance becomes still more striking.

In the remarkable group of the Saleniada?') the three con-

stituents of the calycinal system, the central pentagon, the i'i«'-echinus princeps Laube, with
-'

.
""^ u'o""' upwards.

costals, and the radials, are all simultaneously persistent in the

adult. The madreporite, the sexual openings, and the organs of vision, are in pos-

session of their respective ossicles. The system is generally seen to expand largely,

covering a great extent of the dorsal surface, and to exhibit, in forms of Mesozoic

existence, a highly elaborate sculpture, repeating almost every characteristic observed in

the calyx of Crinoids of preceding, Palaeozoic, ages, but apparently of none from later

times, as though in token of a common descent, and a yet not very remote epoch of

separation. The granulation seen in Acrosalenia, the deep impressions crossing the

sutures in Peltastes, the strong straight ridges connecting the centres of the ossicles

in Goniophorus, the impressed points at their sutures and angles in Salenia, often

continued on either side into parallel lines, are features well known in the PaliBocri-

noidea and present also in the Cvstoidea, but evanescent in the Crinoidea of Secondary

and later ages.

In the oldest of the known genera, Acrosalenia^), the periproct at first but

slightly touches the central disk or even fails to attain it. Placed closely Avithin the po-

sterior margin of the costal 5, its large aperture is widened lengthwise, sometimes leav-

') Etudes, p. 27, 70, 78, pi. XIX, fiij. 177; XXI.
-) It is hardly necessary to mention that the figures here given are taken from the works of M. Cotte.\u

in the "Palcontologie Fran^aise" and elsewhere, all unsurpassed models of research and elucidation.

K. Sv. Vet. Vkn.l Hiin.lL B.-iiid \'.l X;o 7 9
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ing anteriorly a part of the costal irreuularly fractured, while expanding it posteri-

orly beyond the other costaLs '). During tiu- next periods the periproct, ahvays placed

on the antero-posterior axis and regularl) transverse, in Peltastes, wiiich appears in the

Peltastes Stude

Coi r. C'l-etai-.

I'seudusnlcuia :is|)era

Et. Oolite.

(ioniuphorus lunulatu

Ag. Cretae.

Salenia scutigura

Ga. Ci-etac.

Afrosaleiiiii spiu

Ah. Ool.

Aerosaleuia augula-

ris CoTTA Oolite.

.\cr09alenia patella

Dks. Cretac.

Peltastes Valleti

Des. Oolite.

Middle Oolite, affects slightly and equally the costals 1, 4, 5, and the central disk,

while in Pseudosalenia, of the same time, it erodes it deeply, permitting the costal 5

to resume nearly its normal shape. In (joniophorus, of the Middle Cretaceous time, it

expands so as To take in great parts of the surroundings. In Salenia proper, which may
l)e followed fi'om early Cretaceous time ii]) to the present period, and in Heterosalenia

of the later Cretaceous, the periproct is for the greater part cut <>ut from the costals

1 and 5, and thus, while slightly entering upon the central disk, is drawn over to the

right, on the axis 1

—

i], thus conforming to the rule now prevalent in the majority of

the EchinidiD and, partly at least, among the Asteriadea, of having the excretory open-

ing [ilaced excentricali\", to tlie right of tlie ant('rt)-])Osterior axis. In view af these

marks of a gradual advance, in the Saleniada-, during their geological development, of the

periproct, from the hindmost limits of the c<ilycinal system to near its centre, there is

some reason for inferring the probable existence, at a remote period, of Exocyclic Sa-

lenian forms combining a calycinal system of a nearly intact Crinoidean character with

a periproct placed in the iiitcrradiuni of tlie bivium, perhaps even towards its venti'al

surface')

Be this as it ma\', in all the kiio^w n Echiniihe, the Saleniadte not excepted, in the

earliest forms as in those of the present era, the periproct is endocyclic. In one of

the oldest groups, the Cidaridte, the Crinoidean character of the calyx is still strongly

") Compare .Vcrosalenia luiranda Gauthiek, Eoliiii. loss, de I'Algei-ie, II, p. SG, pi. XX, tij;-. 109, 110.

-) Tliu littli; known Upper Sihiriiiu (.'ystocidaris Zitt. (Echinooystites Wvv. Th.) is <lescril>f(l as having the

periproi't inlcrradial.
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marked. One, however, of its three eonstituent elements is no longer persistent in

the adult; the central disk is substituted by a pliant membrane paved with numerous

minute ossicles, in the centre of which is the exci :tor\' (jpening. In this strictly ortho-

proctic group the outline of this membrane still remains pentagonal, as determined by

the rectilinear margins of the rostals, while in most of tiic Echinidte the partial re-

sorption of these margins, combined with the excentric position of the excretory open-

ing, tends to conceal, in no small degree, the original existence of a central disk.

Now we know, however, that in the calyx of the Echinidas, and most probably also in

tliat of the Cidarida', during the transitory astomnis and aproctic stage of the very

young animal, the central disk exists in its legitimate position relatively to the other

constituents of the system, but onl_y for a short time, and soon to be resorbed, in part

at least, upon which its place is tilled by the anal membrane. Its

.structural and morphological identity with the central disk of the

Saleniada3 cannot be doubted, and, like that, it is not in the remo-

test manner referable, morphologically or physiologically, under tlie

appellation of an anal or subanal supplementary plate, to the di-

gestive apparatus, indeed no more .so than, in the Saleniadaj, tiie

portion of the respective co.stals, which necessarily has been remo-

ved in behalf of the formation of the periproct, and in like man-
, T , , , I'll • i -J.! J.1 Salenia hastigera At.. Ag.

ner replaced by an anal membrane, which thus coexists with the Caiycinai system.

nearly intact central disk. The difference is, that, in the Cidaridte

and the Echinidae, unlike what takes place in all the Saleniada>, the excretory opening

breaks out, not wholly or partially outside the central disk, but from under it, and thus

induces its destruction as such. The anal membrane supplying its place may possibly

be a dependency of the perisome.

As long as the excretorv opening continues endocyclic, a certain degree of sta-

bility maintains in the disposition of the caiycinai sj^stem. ("ostals and radials are

constantly present in the normal number of five, and distinct sutures mark their mu-

tual limits. The Avater-pores penetrate the costal 2 alone and very rarely exceed it,

the sexual organs open regularlv by a pore in each costal, and there is an orbit, sim-

ple or double, in every radial. It is evident that the internal organs, in sharing among

themselves the constituents of the caiycinai system, balance each other in an equal

manner. In the Cidarida' and the whole numerous group of Echinida? it has continued

so to the present day.

But this state of stability in the caiycinai system is })roken, as soon as one or

the other of the organs it covei's begins to move'). Tlie excretory opening is the

first to alter its position, it is followed by the madre])orite and the sexual pores, but

the eyes remain stationarv. .\lready in the time of the Lias there existed, at the side

of Cidarida}, Echinid;e and .Saleniada-. tlic group of the Echinoconida^ '), true Gnatho-

') Etudes, p. 76.

2) II)., p. 79.
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Holectypus maciopy
gus Dks. Cretac.

Discoidea conica Des.

Crelac. Alb.

Discoidea infera.

Des. Cretac. Turor

stoniuus Echinids, — with the ambulacra all alike, and the peristome, central and cir-

cular, presenting five pairs of branchial indentations, — but exocyclic, the periproct

having passed from its old site at the centre of the system, into the odd interradium.

In consequence of this movement the costal 5 had been destroyed, but in the course

of time is regenerated, and even its sexual pore returns, all nearly according as the

periproct becomes more distant, and has been so for any length of time. Thus in the

oldest, Pygaster, with the periproct sub-calycinal, the 5 is completely wanting; in Pi-

leus, of the Middle Oolite, the periproct is dorsal, submarginal, and the costal 5 is

restored, but destitute of sexual pore;

in the Oolitic species of Holectypus,

with the periproct marginal or ventral,

it is present, but imperforate, whereas

in the Cretaceous, in which the excre-

tory opening is ventral and farther dis-

tant from the calyx, the sexual pore

exists, and thus the system has once

more become normal. In Discoidea,

uf Cretaceous origin, the periproct is

ventral and the costal 5 present, im-

perforate in the lower beds, perforate in

the Turonian; in Echinoconus and

Anorthopygus the vent is posterior,

subventral, and the costal 5 present, but

without a pore.

In like manner, among the Ateleostomes, where the excretory opening can be

said to have just left the calyx, as in the old Echinoneid genera Galeropygus and

Hyboclypus, in the Oolitic Pyrinte, the central part is irregularly broken up, or com-

pressed; in forms of later appearance it aborts, and the four paired costals and

the radials I and V close from either side. In Clypeus, the oldest of Cassidulidas, the

gap left by the retreating periproct is tilled by an extraordinary prolongation of the

almost always contiguous radials I and V, and there is hardlj^ a trace of the costal 5;

when the vent is removed farther back, these radials are again normal. Thus these

three groups on their first appearance present distinct marks of the passage of the

vent out of the limits of the calyx, and, while in their further development it continues

its receding movement, the damage it has caused is at le;ist partly repaired.

Pygaster iiiubella

L. Ag. Ool. Oxford

et Corall.

Pileiis heinispha'-

ricuB Des. Ool.

Corall.

Holertypns depressiis

Des. Ool. Bajoc.

Future research will perhaps afford evidence that the filtering apparatus of the

aqueous system primordially had its legitimate site in the central disk, and that it

was displaced forward through the pressure exerted by the periproct advancing from

the posterior interradium. Be this as it may, certain it is that, in the Mesozoic pe-

riod, the movement, in the opposite direction, of the excretory opening was followed

by the beginning of a retrograde movement of the madreporic filter. As early as

in Pygaster, the oldest of Exocyclic Gnathostomes, it is seen to have entered the cen-
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tral part of the calycinal system, effacing the suture which limits the costal 2, and such is

its condition in all known Echinoconidfe^), except that in Discoidea it is seen to spread

to all the five costals"). When the Ateleostomata make their first appearance, as Echino-

neids, the madreporite is restricted to the costal 2; it is

more expanded centrally in the Cretaceous Pyrin* than in

the Oolitic; in the recent Echinoneus^) it is central, and

the sutures effaced. In some few of the oldest of Cassidu-

lidae, in which the centre is fractured into irregular detached

pieces, it is limited to- the costal 2; in the great majority of

species it occupies the centre, expanding it largely. In the Pyrina Guerangeri Pyrina Durandi

recent Cassidulus all the sutures are obliterated. ^°Bajo°°'''''

^"

^Tto^n'*'"'

The growing deviation from the original Gnathosto-

mous type reaches its highest point in the Spatangida3. Introduced by the Collyrites,

of Oolitic existence, they make their appearance early in Cretaceous time as Holastrida3.

Deeply contrasting with the Orthoproctic plan of construction: the circular ambitus;

the central and circular peristome not modified during growth, and formed out of

ambulacral and interradial plates of both series, at equal parts in either; the seemingly

radiate disposition of the areas, ambulacral and interradial; the specious homocentri-

city of the spines; the general uniformity of the pedicels, only exceptionally or in

part branchial; — all features present already in the ancient Cidaridae, consistently

maintained up to the present era by them and by numerous Echinidae, and but slightly,

if at all, modified in a few forms^)— , the evolution of the Spatangidge is pervaded

by an increased and largely diversified tendency toAvards the differentiation of the

skeletal elements into modifications unseen before, only in part begun by the Echino-

neid*. and the Cassidulida^. The gradual lengthening of the whole framework, the

forward movement of the trivium, the increasing growth and differentiation of the

abdomen and of the bivium, more and more overcome the inherited globosity; the

alimentary canal extends horizontally, its oesophageal opening advancing, while the

excretory aperture retrogrades; the bilateral symmetry becomes apparent, betraying a

dawning approximation towards a vermiform disposition; the trivium and the bi-

vium are more distinctly constituted: in the former the ambulacrum III is specialised

as the front ambulacrum, and provided with pedicels of a peculiar structure, in the

later genera at least not subservient to respiration, while the II and IV are paired

and made counterparts in outline, though still unsymmetrical with regard to their

constituent plates, and the I and V are made symmetrical in^vardly as well as in their

outlines; the peristome, consisting of biseriate ambulacrals and single interradials,

is originally pentagonal, but nearly always becomes modified during growth; of

the perisome, the four lateral interradial areas are distinctly disposed into two pairs,

the symmetry of the anterior pair, 2 and 3, being perfect, while that of the posterior,

1 and 4, is qualified, in 1 a, or in 1 a and 1 b, by an heteronomous disposition un-

') See woodcut on the preceding page. -) Etudes, p. 81, pi. XV, fig. 133. *) lb. pi. XV, fig. 131.

*) lb. p. 26, pi. XVIII, fig. 153—158.
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known in the whole of the Gnathostomata as well as in the older Ateleostomata, ob-

scurely marked in the Holastridaj, manifest in the true Spatano;i; the odd ititerradium,

5, at first, in the Holastridte, nearly similar to the other four, has its ventral plates

separate, transversely triangular: Meridosterni, but later, in the higher genera, formed

into two large collateral sternal plates: Amphisterni; the fasciola^, a feature unseen

before: Adeti, at first are vaguely extant: Prymnadeti, or marginal alone, then the

peripetalous fasciola is added, till, towards the end of the Cretaceous period, the sub-

anal appears: Prymnodesmii, in the higher Spatangida; always traversing adorally the

sixth plate of I a and V b, and marking off the first five plates as ventral, the follow-

ino' as abdominal and dorsal; the spines are bristle-like, generally curved, tending

backward, where not otherwise directed by the fascioles; the pedicels, which in

Echinoneus are disciferous and similar to those of the Endocyclic Gnathostojnes, and

homotypic all over, in Cassidulus simple, in the petals only modified into branchials,

attain in the Spatangidaj their highest development as diversely adapted organs,

those of the phyllodes penicillate, the subanal mostly sub-penicillate, the lateral

simple, the frontal variously constructed, and those of the petals, where these exist,

branchial.

While these and other changes are successively introduced in the structure of

the Spatangidge, the two main constituents of their skeleton, the interradial system

and the ambulacral, hold their own, and keep up their relative parts in the evolutio-

nal labour, their elements gradually assuming novel and almost refined forms ^). It is

not so with the third constituent, the calycinal system.

When the Collyrites appear, the first of the Spatangida3,

and after them the Holastrid;p, the excretory opening is po-

sterior and distant, and the calycinal system in the condition

presented by some Echinoneida^ of the Oolitic period, as e. g.

by Hyboclypus. It is generally more or less lengthened, and

the only trace of the passage of the periproct is the total

suppression of the central disk and the costal 5. In this state

it remains in the Adete, Meridosternate forms: Anancites ^)

Offaster, Holaster, Cardiaster, Heinipneustes, introduced at the

beginning of the Cretaceous period and continued into the Eocene;

it is still seen, in the seas of the present time, at great depths,

"'""crcfnd ?yttm'
^'''

i" ^hc Adete Cystechinus Al. Ac, and in Urechinus Al. Ag.,

PL XXL fig. 239—242, which is said to be provided with a sub-

anal fasciola. It is shortened, but tightly closed by the contiguity of the costals 1 and

4, in the forms with a true, but yet imperfectly developed sternum: Toxaster, Heter-

aster and Enallaster; it is short and subcircular, closed behind by the costals 1 and 4

') Observe the contrast between the plain and rigid anguhirity of the plates in Micraster, Etudes, pi.

XXXIII, of Cretaceous existence, and the freedom of outline, even elegance, observable in corresponding

parts ill later Prymnodesmian types, Tertiary and recent, such as Echinocardium, pi. XXXIX; Plagionotus,

pi. XL, Breynia, pi. XLI, Maretia, pi. XLII, Lovenia, pi. XLIII. The contrast is less striking between

Hemiaster and the later Prymnadetes, ib. pi. XXVI—XXXII, tig. 197.

2) Etudes, pi. XI, fig. 96, 97, 98.
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and the radials I and V, in the old subglobose t'oi-ni.s with a normally constructed ster-

num: Epiaster, Isaster, and the typical species of the abundantly developed Hemiaster,

Fl. XVIll, jii/. 221, 222, while in othei' species'), from the middle Cretaceous era, it

is closed also, but solely by the radials I and \ , the costals 1 and 4 having separat-

ed, in this respect like the calyx of Micraster'), the first of Prymnodesinians, contin-

uing from the middle Cretaceous into the Tertiary period. In all these forms the

madreporite is strictly confined to the right anterior costal, 2. Thev may be conveni-

ently comprised under the common name of Ethmophracti "). But, of them all, as far

as our knowledge extends, no generic type has survived up to the present time save

Hemiaster, while the abyssal depths contain some genera of Ethmophracts, as Calymne.

Urechinus and Cystechinus, that more or less recall those ancient forms.

For in the latter half of tlie Cretaceous ei'a an important change took place

in the structure of the calycinal system of the Spatangidte. It has been seen that,

when, in the Echinoconidie, the periproct had i-etreated far back from the calyx, the

costal 5, which had l)een suppressed, was reinstated again, and that the normal con-

dition returned even so far as to allow the efferent duct of the corresponding sexual

gland to perforate it. In a simihir manner also among the Spatangidaj, the centi'al

disk and the costal 5 make theii- reappearance, the former separating the costals 1 and

4, the latter disjoining the radials I and V, but never receiving a sexual pore. kX the

same time the madrepori(- filter, no uku'c held back by the excretory apparatus, but

free to move and expand, spreads its pores, as fornicrlv in the Cassidulid», into the

now extended space of the central disk, and from thence into tiie costal 5. The Spa-

tangida^ provided witli a caly.x of this description may be distinguished as Ethmolv-

sii^). The madreporite, while it penetrates the substance of the costal 2, the central

ossicle and the costal .3, t)bliterates the sutures which separated them, as it did the

suture Ijetween the 2 and the central in the Echinoconida'. Echinoneida; and Cassidu-

lidaj, and those three ossicles, so strictly kept a])art in the Endocvclic forms, are here

united into one unbroken aj'ca, contiguous anteriorly to the interradium 2, and poste-

riorly to the interradium 5. It will apjiear that Linthia and Schizaster ") from the middle

Cretaceous time to our time, Prenaster from the end of the Cretaceous period and far into

the Eocene, Macropneustes in the Eocene, were the first in which this change took place, and

associated with them may perhaps be found some species rightly belonging to Abatus*"),

PL XVJII, Jig. 220. In three of these oldest genera of the Spatangidaj Ethmolysii:

Schizaster'), Prenaster, Macropneustes, the costal 5 is not extended far beyond the poste-

rior limits of the system, and in Schizaster the madreporite takes its due by more or

less crowding with its pores the costal 2, so as to cause the abortion of the efferent

') Mainly, or wholly:, algerian. See Ootteau, Pkron r\ (Jm iiiiiit, (Icliiiiiik-s fossiks de IWlgerie. IV,

Cenomaiiieii, VI: Turonien.
-) Etudes, PI. XI, fig. 95.

^)
' HSfioc, ftlter; cpQnxT('ic, fenced.

*) AiKiOQ, deliverer.

'^) Schizaster iintiquus Cottkau, Bull. Soe. Ueol. VI, 507.

") Compare Abatus Pliilippii, Ktudes, pi. .XI, lig. 'J9

'') Schizaster t'ragilis, lb., pi. .\ll, fig. 102.
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Mueropneustes Pellat

C'OTTF.AL'.

Preuaster Jutic*

Uksok.

duct of the corresponding sexual gland. In Prenaster and Macropneustes, the next, it

will appear, to assume the modified structure of the calyciiial system, the costal o also

keeps within its precincts, while the reduced press of

the filter on the costal 2 admits of the normal pres-

ence of its sexual pore. But in the great number of

genera of later appearance, while this pore is con-

stantly maintained, tlie cluster of water-pores is seen

to jiave withdrawn from this costal and to have retreat-

ed backward, expanding the combined area of the

central ossicle and the costal .5, which thus are made
to form a prolongation reaching beyond the posterior

limits of the calycinal system and far into the interradium 5 '). This is the case in

the great majority of recent Spatangidte: Faorina, Agassizia among the Pymnadetes,

Brissus, Metalia, Rhinobrissus, Cionobrissus, Meoma, Spatangus, Homolampas, Pala'o-

pneustes, Brissopsis, Kleinia, Echinocardium, Plagionotus, Breynia, Maretia, Lovenia,

Eupatagus, among the Prymnodesmians.

The diversity between the calycinal system of tlie Ethmophracti and that of the

Ethniolysii, striking as it is, has nevertheless been overlooked. As long ago as in 1845

Philippi described and figured three species of Spatangus from the antarctic sea of youth

America, and proposed for their reception a new subgenus: Tripylus, principally char-

acterised by possessing only three sexual openings. He named them Tripylus excava-

tus, Tr. cavernosus, and Tr. australis. The first was referred by L. Agassiz to Agas-

sizia Val., while Troschei,, who examined the original specimens of all three, made it

the type of a new genus: Hamaxitus, and Gkay and Al. Agassiz retained for it the prim-

itive appellation : Tripylus. For the two other, Tr. cavernosus Phil, and Tr. australis

Phil., placed by L. Agassiz in Brissopsis, by Gray in Faorina, Troschel created a new

genus: Abatus"), remarking at the same time, that if only one species had come under

>) fitudes p. 12, PI. XII, lif;. 100, lUl, Brissopsis; lOG, Meoma; 107, Ecluiiouardiiiiii.

'^) The following is llu' iioineiK-latiiral history of the species of

Abatus Troschel.

VViL'u;mauns .\rchiv. XVll, (ISfjl), 72.

1845. Tripvliis cavernosus Piui,

Biissopsis " "

Faorina " »

Heniiaslcr " »

1845. Tripvlus australis Pmi,

Brissopsis " <

P'aorina " »

Heniiiister " »

1.

W'sni.

1847.

1851.

1855.

1872.

;rnosu3 Phiiippi..\ b a t us c

<

Arch. Xl, :U5, t. XI, f. 2,

Ao.\ss. 4 Des. Cat. R., Ann. 6c. Nat., .•>:c Ser., VIII, 15, scp., 121.

Gray, An. Nat. Hist., 2;il ser, Vll, 132.

Gray, Cat. rec. Ech. Br. Mus., 57.

Al. Agassiz, Rev. Echin., 132, 587, t. XXI c, f. 1, 2.

1876. Al. Agassiz, Proc. Am. Ac. .Vrts a. Sc. Boston, XI, 231.

1879. Edg. a. Smith, Phil. Trans., Vol. 168, 271.

1880. Stuuer, Zoolog. Anzeiger, 544.

1880. Studer, Mon. Ber. Berl. Akad. 881.

1881. Al. Agassiz, Rep. Chall. Echinoidea, 179, pi. 20, <(.

1. c. .347, T. Xl, f. 3.

1847. Agass. et Des., Cat. R. 1. c.

1855. Gray, Cat. Br. Mns., 57.

1872. Al. Agassiz, Rev. 132, 586, pi. XXI c. f. 3.
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his notice, he doubtless would have referred it to Hemiaster Des. Tliis became also

the vieAv taken by Al. Agassiz, and since 1872 every author who mentioned these two
species, treated them as living representatives of that genus, thus associating them
with a host of long known fossil forms that once peopled the seas of the Cretaceous

and Tertiary periods, and with their more lately added recent congeners, Hemiaster

expergitus Lov.'), discovered by Smitt and L.jungman during the cruize of the Jose-

phine in 1869, H. gibbosus Al. Ag. and H. zonatus Al. Ag., both dredged by the

Challenger Expedition"). Now these three species of the existing seas are true Hemi-
asters fully sharing the Avell-known characteristics of that highly natural genus, the sub-

globose form, elevated in its posterior region, a calyx of four costals, the niadi'eporite

confined to the costal 2, the 4 and 1 and the radials I and V closing from either

side, in strict accordance with the mode of conformation universally prevalent within

the calycinal system during the older Mesozoic period. These species are, as it were,

apparitions from a former world, relics surviving from an evolutional stage long pas-

sed through, and very different from the altogether modern Abatus, with its modera-

tely convex test, its cal}x with five costals, the 5 being reproduced between the ra-

dials I and V and bearing the madreporic filter, thus set free, on its unimpeded retro-

grade movement. An extraneous form like this^), if suft'ei'ed to remain in the other-

wise homogeneous group of true Hemiasters, is sure to vitiate its integrity, and the

mixed assemblage thus set up for a natural genus, if taken on trust, cannot fail to

mislead when the question is to ti-ace out compai'atively its former geological and ac-

tual geogra])hical distribution. The few survivors hitherto found of the once nume-
rous genus Hemiaster inhabit temperate and tropical parts of the Atlantic and Pacific

oceans, the Caribbean and Brazilian Seas, through that of the Azores towards Madeira

and the Iberian peninsula, the Sea of Japan and that between New-Guinea and Austra-

lia. x\batus, on the other hand, is an antarctic form.

1851. Faoriua antarclica Guay, Ann. Nat. Hist. 1. c. l."2.

1855. Gray, Cat. Br. Mus., 57.

187G. I^eniiaster cordatus Yeriui.l Bull. Un. St. Nat. Mus. Washington, N:r 3, 68.

Hemiaster sp. 1876. Wyv. Thomsox, Joiirn. Linn. Soc. XIII. 67.

1877. Hemiaster Pliilippii >>Gray», Wyv. Thomson, Voy. Challenger, II, 227.

Obs. Abatus eavernosus Phil, appears to be the female, Ab. australis the male. Gray remarks, Cat. Br.

Mms. 57, that the three, Faorina aniarctiea, cavernosa and australis, perhaps are only one species. Tripylns Phi-

lippii Guay is generically different, probably an Agassizia, as also Tr. excavatus Pun..

2. Abatus Philippii Loven.

1871. Abatus Philippii Loven, OlVersigt af K. Vet.-Akad. Forhandl. N:r 8, 1065, 1070.

1874. Loven, Etudes s. les Echiuoidees, pi. XI, fig. 99; pi. XXIX, f. 188—190.
Hemiaster " » 1873. Al. Agassiz, Bull. Mus. Comp. Zool. Ill, n:o 8, 189.

1874. Al. Agassiz, Zool. Kesults Hasler Exp. I, 20.

Obs. Tiie synonymy is doubtful, because the sexual pores are said to be "two or three", and »if a third

exists it is the right anterior one, usually, but sometimes the left".

1) Etudes, p. 13, pi. XIII, fig. 114—120.
-) Itcp. Chall. Ech., p. 184, pi. XX, fig. 1-16.
•^) Anollier stranger is Hemiaster eiongatus of Indian Tertiaries. It is a Palreostom.T.

K. Vet. Akad. HandL Band VJ. K:o 7. 10
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A due attention paid to the development of parts during the growth of the indivi-

dual animal has more than once reconciled discrepancies as great as that of the cal)'-

cinal system in the Ethmophracti and the Ethmolysii, the Mesozoic type and the Cenozoic.

In the young of Abatus cavernosus, PL XIV, fig. 164, 164 A, the calycinal sy-

stem, relatively large, presents iive radials I, II, III, IV, V, each bearing a tentacle,

and four costals, 1, 2, 3, 4, among which the 2 has become already the site

of the niadreporite. The central and open part is overlaid, within the general enve-

lope, by a membrane in which are seen detached minute calcified lamina», presumably
rudiments of the central ossicle and the costal 5, nowhere extant among the Ethmo-
phracti, but here to be developed, PI. XVIII, fig. 220. after the backward passage of

the excretoi'y end of the alimentary tube.

Young Spatangi, with the mouth and tlie vent opened, and living free on the

bottom of the sea, very early present a calycinal system comj)leted by the presence of

the central disk and the costal 5. Different stages of Echinocardium flavescens 0. F.

MuLLEK, Spatangus purpureus 0. F. M., and Brissopsis lyrifera Forbes, PI. XVII, XVllI,
XIX, may serve as examples showing the development of the calycinal system and
the movement of the madreporic apparatus in the Spatangida; Ethmolysii. Of the first-

named the calycinal system is represented PL XVII, fig. 197—207, as it appears in

specimens of different dimensions, from mm. ;-),r. : 3 to mm. 36 : 32. In the Aoungest

the five radials are present Avith tlieir ocular ijures. The whole system, up to the in-

dividual size of mm. 30 : 26, is more or less distinctly pentagonal. The central ossicle

together with costals 2, 3, 5 are united into one continuous middle area, extending

through the whole length of the system, with the radial III in front, the ra-

dials IV and V and costal 4 on the left, and radials I and II togetlier with costal 1

on the right. At first, fig. 197 , 198, the niadreporite is a single pore placed nearly in

front, then there are two or three pores, /z/;. 199—205, of Avhich the last added is more
towards the middle; in a specimen of mm. 14,5:12, /z^. 203, out of five pores tAvo

are posterior. Meanwhile the costals, at the total size of mm. 10,5 : 9 and mm. 12 : 10,

fig. 203, 204, have been provided with sexual pores, at first so minute as easily to be

taken for madreporic pores, but becoming larger according as the reproductive organs

are developed. At mm. 30 : 26, fig. 206, the swarm of madreporic pores lies more
than half behind the middle, and at mm. 30 : 32, fig. 207, nearly the Avhole of it be-

hind the costals 1 and 4, and the costal 5 has been driven backward into the inter-

radium 5; but still its intact margin is seen to limit the pressure of the p(n-es. And
during this transference, in this species as in those next to be described, the middle

part, expanded as long as occupied b}' the growing niadreporite, contracts again when
it has passed, yielding to the pressure exerted l)y the interradia.

A series of young stages of Spatangus purpureus 0. F. M., from mm. 5 : 4 to mm.
24:21, presents similar modifications, PL XVIII. fig.

209—219. There is the same
drawing together of the sexual openings and narrowing of the middle area, after the

recession of the madreporic filter, which is richer in pores than that of Echinocardium,
and much more expansive, so much so as largel}' to invade, at mm. 53 : 50, the costals

1 and 4, to fill to the very brim the costal 5, stretching it to the utmost and leaving no
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trace of an intact margin, and even to detach one or other of its pores to the fiir-

tlier side, into the interradio,! area 5, /?</. 219.

Tlie presence, outside tlie costal o and witliin the corresponding interradiura, of

a single pore of the niadreporic filter, at first seems nothing more than an accidental

anomaly. On a closer inspection, however, it looks otherwise. In a specimen of Bris-

sus canariensis H^eckel mf^. I observe a dense group of six pores Avithin the inter-

radiura 5, on the left from the costal, and a set of specimens just at hand of Briss-

opsis lyrifera presents not a few cases of the same disposition, PL. XIX, fig. 223
—231.

In the adults of this well-known species the sexual apertures are normally four,

and one of them is in the costal "2. In a specimen of mm. 9 : 7, fiij. 223., the system

is made up of the five radials, the costals 1, 3, 4 distinguished by definite sutures,

and the costals 2 and 5 together M'ith the central ossicle united into one piece, the

madreporic filter here as elsewhere effacing the sutures. Only one minute pore is to

be seen, in the direction of costal 2. Next, in a specimen of mm. 11 : ^-fig- 224, one

more lias been added, in the central part; in specimens of mm. 15:12, 15:13, 16:13,

////. 223—227, their number increases, occupying the centre and the costal o. Then,

while the central part contracts, the filter, always increasing the number of its pores,

expands, and forces the costal 5 backward, beyond the limits of the system ^). And while it

thus takes more room, as the animal grows, it is sometimes seen to prevent the sexual

organs from opening in the costal 2, fig. 229, sometimes to expand in 1 outside its

sexual pore, fig. 230, or sometimes to migrate, in no small number, across the limits of

the system and into the interradium 5, fig. 228, partly even into the ambulacrum I

/?'/. 231. In a hundred specimens of Brissopsis lyrifera taken at random, all from one

locality, I find ten presenting this anomalous disposition, the expelled pores being in

most cases on the right side, in the b series of the interradium.

Thus the movement of the madreporic filter, the starting point and the terminus

of which have marked different geological epochs, is seen to take place in the living

animal within the brief space of a transitory stage of its development. In the adult

of Hemiaster and of all the other Spatangida? of early Mesozoic origin, the calyx

presents a structure essentially different from that of the calyx in the adult of a Spa-

tangus, or of any other form, of later or recent appearance, and very rarely a link of

connection is found between the two. But in the last-named of these groups an evo-

lutional process actually takes place, showing us how, in the individual, the calyx passes

from the one state into the other, and permitting us, however vaguely, to surmise

tlie nature of the modifications by means of which the same change may have been

brought about in the species, and the Ethmolysii made to take the place of the

Ethmophracti. The contending activities of the internal organs, of sensation, genera-

tion and circulation, which, after the removal of the excretory opening, in the ear-

liest Spatangida) still for a time combined to render permanent the site ofthemadre-

porite in the costal 2, and to hold back the restoration of the central disk and the

costal 5, entei'ed into a period of alterations that bj- degrees induced the setting free

') Etudes, p. 1-2, pi. XII, Kg. 100, lol.
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Geiiicopatagus affinis Al.

Calvcinal Svstem.

of the regenerative energy of these long suppressed parts, and, in obedience to the

predominant tendency of abdominal growth, prepared the recession, by the way thus

hiid open, of the perforating agency of the madreporitic tubuli. Accompanied by correl-

ative changes in other parts; transmitted, with tendencies enforced, from generation

to generation, from embryo to embryo, and resuming innumerable times its plastic

work, this evolutional process, simultaneously operating in a number of individuals, always

at an early stage never found fossil, resulted in the location of the madreporite in the

restored costal 5 of the adult. Tlicn a period of rest followed in the calycinal system,

during which innumerable specimens were preserved recording the transformation,

which thus maj' seem to have been accomplished in a i-elatively short space of geologi-

cal time, and, as it now appears to us, suddenly. The seas of

the present era harbour at least one transitional form, the an-

tique looking Genicopatagus aftinis Al. Ag., in which the cen-

tral disk and the costal 5 ;ire reinstated, separating the I and V,

and preparing the way for the madreporite, which still how-

ever remains in the aporous costal 2. It is an abyssal form,

and such are probably all the recent Ethmophracti, while the

Ethniolysii, which have but few representatives in the great depths,

are littoral animals MtT' ii.ox)]i'. It is among these that the mad-

reporite, after a period of rest, in our days seems to show

signs of once more moving, and of transgressing its latest line of demarcation.

Further research, extending o^er a large number of specimens of these and other

species, from different localities, will decide whether there be valid reasons for regard-

ing this regression of the filtering apparatus beyond its old boundaiy as an evolutional

stage and not as something accidental, as an instance of monstrosity. It is fully in ac-

cordance with what has been going on for ages within the calycinal system, through

long series of succeeding species, only it is here carried a step farther, as though

leading into a new phase of the morphological labour. In Mesozoic time the excretory

opening moved out of the system into the odd interradiuni, and was seen to increase

more and more the interjacent distance. After a while the nuidreporic filter followed

its track, attaining, near the close of Cretaceous time, tlie costal 5. With the aid of a

little imagination we might surmise tliat we actually witness how it exceeds the old

terminus and begins its exodus, and indulge in the idea that, in a future geologically

not very distant, the whole of the madreporite, in some species or other, will have

settled within the odd interradiuni, while the central disk, together with tlie costal 5,

cleared of the invading porosity, will have resumed their normal condition. Then

this gradual displacement of the madreporic filter, combined witli other correlative

modifications of the external parts, accessory to internal clianges of more directly vital

importance, will have originated a new type of Spatangidaj. But this by the way, as

mere speculation. One point alone is established beyond any doubt by what has been

detailed here, namely that in realitj^ the madreporite is not an integral element of

the calycinal system, but an extraneous accessory, and that there exists no such thing

as a "madreporic plate».
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In like manner the conception of the costals as "genital plates» on a closer in-

spection ceases to be tenable. Subsequently to the appearance externally, in tlie young

Kchinid, of tin; niadreporic filter, when the reproductive glands approach maturity,

their efferent ducts pencti-ate from within the costals, and, in the adult state of the

great majority of species, a sexual pore is found in each of these. To this there are

but rare exceptions, such as Goniopygus, but in the Clypeastridaj not a few forms have

their sexual apertures outside the costals, in the respective interradia ^). In the En-

docyclic Gnathostotnes all the five costals are perforated, but four only in the earliest

among the Exocyclic, in Pygaster, the fifth having disappeared along with the costal

5, at the outbreak of the periproct. And, though in Oolitic species of Holectypus

the costal is restored, it is not until in the Cretaceous era that its pore reappears ").

just as in Discoidea, of early Cretaceous origin, it reverts ordy in the Turonian time,

—

and this is the last instance known of its reinstatement, for among the Echinoneidas

and Cassidulidaj it never reappears. In these last-named the four sexual pores are far

asunder, owing to the central expansion of the madreporite, they are drawn near to-

gether latei-ally in the narrowed and lengthened calycinal system of the Collyrites and

in the Meridosternous Spatangi, such as Anancites, Hemipneustes and others, and they

are squared again in the shortened system af the Amphisternous Ethmophracti. In the

Spatangida; Ethmolysii, also, four is their normal number. In some cases, for instance

in Spatangus purpureus, they seem to make their appearance very irregularly, all four

being present in a specimen of the stage ram. 15 : 14, PL XVIIl, pg. 213, but wanting

in another of mm. 16:15, jig. 214, almost so even at mm. 19:18,/^. 216, highly

developed at mm. 23 : 22, jig. 218, while the two anterior are only indicated in a spe-

cimen of mm. 24:21. fig. 217,—anomalies that possibly arc apparent only, and may

depend upon difference of sex. During the growth, also, one or even two of the pores are

liable to give way in the struggle against the madreporite. In the costal 2, the old

site of the filter, this not seldom prevails and causes the sexual pore to abort, some-

times accidentally, as in Brissopsis lyrifera, PL XIX, fig. 229, but regularly in certain

species of Schizaster, as Sch. fragilis D. & K. '), Sch. Moselejd Al. Ag., in Tripylus,

and in Abatus cavernosus Phil., PL XVIlh fig.
220. In Abatus Philippii n. 'j, in

Moira atropos Lamk., and in some other species of Schizaster, as Sch. canaliferus Lamk.,

Sch. japonicus ,\l. Ag., it has disappeared in the costal 3 also. But among the Spa-

tangida} the sexual organs are never deprived of their outlets in the costals 1 or 4

Thus the madreporite, with its internal apparatus of cavities, passages and ca-

nals combined into a solid calcified structure, by its expansion and regressive move-

ment determines, in the Spatangidje, the closing up of one or more of the sexual

openings, and constantly that of the costal 5. In earlier types, when this same costal,

uppressed for a tim^ in consequence of the retrograde passage of the excretory ori-

') Etudes, p. 80, I'l. XVI, tig. 13G. lb. p. 69. Cotteau Pekon et G.vutiuer, Ecliinides de I'Algerie, V,

p. 223, PI. XVr, fig. 1—12.

^) See above, woodcut p. 68.

*) Etudes, pi. XII, fi;,'. 102. In Sell, gibbevuhis Ac. all four sexual pores are present.

«) lb. pi. XI, fig. 99.
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fice, had reappeared again, the corresponding sexual ghtnd also, in the course of sub-

sequent ages, was seen, in some forms, to recover its outlet. This could not have

taken place, had not the sexual gland, though checked in its development, and kept

back in a rudimentary state, continued, during a genetic succession of forms, its dormant
life, ready to begin its work whenever the repressing influence should have passed.

In tlie Ethmolysic Spatangida;', as long as the madreporite is crowding its pores in

the restored costal 5, there is no chance for a sexual outlet; but,—assumed that its

movement across the old boundary is in earnest the beginning of a migration,—if a

form should be discovered anywhere, in which this migration were accomplished, and

the madreporite settled, as a whole, in the interradium 5, it will be a great point to

look for the return of the sexual outlet. Meanwhile the problem is near at hand of

demon.strating the hidden existence of the fifth sexual gland, in a still embryonic con-

ditidu abiding its time.
.

Organs of vision,—in the whole animal kingdom seen to come forAvard at places

of commanding situation, irrespectively of morphological relations— , appear to be for-

eign to Crinoidean organisation. In the Asteriadea, on the other hand, their existence

has been proved beyond any doubt by Ehrenberg, their discoverer, by H^cckel, Greeff

and others. A group of crystalline cones surrounded by pigment is seen at the extrem-

ity of each ambulacrum, and, connected with it aborally, a finger-shaped tentacle,

both sheltered under the radial, which has been removed from its original site in the

axillary angle between two costals, by the interposition (if the largely developed peri-

some '). In the Echinoidea organs apparently identical, but not jet properly studied,

are seen in corresponding places, each of the five radials presenting a pore serving

as an orbit to the eye '), and close over it a simple tentacle. There both these organs

appear very early, even before the madreporic filter, and the tentacle perhaps before the

eye, PL XIV,
fij/. 164, 164 A, and there they are found, out of the field of contest,

— for the madreporic filter scarcely ever attains the radials— , in forms geologically

old and new, with a tenacity recalling that of the eyes of the Podophthalmous
Crustacea, which maintain so invariably their station at the top of the appendages of

the first somite, arrested in their development. When in the CoUyrites "'') the bivium

is severed from the calycinal system through the interposition of the enlarged inter-

radia 1 and 4, the radials I and V adhere to the respective ambulacra, on the insides

of which the nein-es descend from the central collar to the eyes.

These are the two principal forms of the calycinal system ])revalent in the great

majority of the Spatangidte : the Ethmophracti and the Ethmolysii. A third modifica-

tion is of much less frequent occurrence. Paheotropus ^), which by its general outline,

its ambulacra all apetalous, similar and level with the [)eris()inc, in some degree re-

') Etudes p. 8(3, pi. LIII, fig. 256—2G0.

•^) lb. p. 66, pi. XI, XII, XV, XVI, XVII, XIX, XXI.
•') 11). pi. XI, fitr. 98.

") lb. p. 17, pi. XIII, tig. lOS— 113; Xll. 105; XXXII, 200.
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rails certiiiu ancient types, and at the same time is so like its contemporaries in the

structure of the peristome, the sternum, and the cpisternum traversed by the subanal

fasciola, as also in the regular heteronomy of 1, a, presents a calycinal system, PL
XVII, fig. 208, of a nearl^^ pentagonal outline, in which the radials are distinct, the

I and V being widely separated, while the costals are all coalesced into one piece

devoid of sutures, and in which the madreporite opens anteriorly in the middle by

a small fissure and some pores, while the genital ducts are only tAvo, having their

outlets at the tops of two large tubidar eminences placed transversely against the in-

terradia 1 and 4.

Palajostoraa mirabile Gray, PL XVJ, deviates in a strange manner from nearly all

the rest of the Spatangidfe '), by the fusion into one single plate of the second plates

of the interradia 2, 3, 4, the heteronomy of 1 being effected through the union of the

plates a 2, I) 2 and I) 3; by the very irregular interradium 5, ajid by the pentagonal

peristome with its five valves, and from Palaeotropus in particular, by its distinct pet-

als and b}' the absence of a subanal, the presence of a peripetalous fasciola. But

with all this, Pala^ostoma offers a calycinal system evidently constrticted upon the same

model as in that genus, fig. 184, 190, with the five radials distinct, the I and V widely

separated, and out of the costals the 3 alone defined by a suture, all the rest being

coalesced into one piece; Avith the madreporic filter represented, in the young speci-

mens examined, by a few punctures placed before the middle, and with the two huge

sexual outlets, mammiform and prominent, occupying a considerable portion of the

system, and placed transversely against the interradials 1 and 4, so as to prevent the

retrograde passage of the madreporite. These two genera, Palasotropus and Palajostoma,

are, therefore, in a general sense Ethmophracti, but after a peculiar manner, entirely

different from that which characterises the older Spatangida3 comprised under this

appellation. They may be called Pei-issogonea "). There is not in any other genus of the

Echinoidea, recent and fossil, anything strictly comparable to this structure. In some

points it recalls what is seen among the Exocyclic Gnathostomes and the earlier Ate-

leostomes. The radials I and V are kept asunder by the interposition of tlie costal

5, and the madreporite spreads its pores over the entire central area, without any

tendency to move backwards or out of the calycinal system. Thus it is in Holectypus

and Discoidea '), of Oolitic origin, in most of the Cretaceous Echinoconi, in the re-

cent Cassidulidaj *), in the Clypeastrida? '), of Tertiary origin. In these two last the su-

tures have a tendency to be obliterated. But in all of them the sexual pores are five

or four in number, and placed against their respective interradia, into which they not

seldom are transferred.

1) Etudes, p. 12, 50, PL XII, fiif. 103, 104; XXXII, Hir. 197—199. — A fossil species of this genus,

fi-om the Nuinmulitic strata of Westeru Sind, has been described as Hemiasier elonsatus Duncan and

Sladex, Mem. Gaol. Surv. India, Tert. etc. Ser. XIV; Vol. I, 3, p. 78, pi. XIX, iig. 7—15. Calcutta 1882.

-) flsQiggSg, excessive, I'ov^, generative organ.

3) Etudes, p. 81, pi. XV, fig. 133, 132.

*) lb., fig. 130.

5) lb., pi. XVI, fig. 135—139.
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The calyc'iiial system oF tlic Pourtalesiada? is much more anomalous, and at the

same time not a little unsettled. In tlie specimen of I'ourtalesia Jeft'reysi, iV. 7, y/V/. /,

the calycinal system is brought out of contact with the interradia 1 and 4 through

the interjaeence of the detached plates of 5. Its general form is that of an irregular

pentagon. Its constituents are all coalesced into one ])iece, the madreporal filter spread-

ing its pores oxer its central forepart. The radials are not to be distinguished. The

four sexual apertures are displaced, not answering to their res[)ective interradia, moved

forward, those of 2 and 3 being near the ambulacrum III, and those of 1 and 4 almost

opposite the II and IV. Another specimen, PL V, jh/. 27, 28, 29, not very different

from the first, iias the madreporic filter occupying the hinder part of the central space,

the anterior pair of sexual pores nearly answering to the interradials 2 and 3, the

posterior being pressed forward so as to front the an)bulacra II and IV. An impres-

sion, not unlike an orbit, near the end of ambulacrum III, pg. 29, possibly indicates

the existence of a radial. In a third specimen. PL V, fig. 25, 26, the disordered con-

dition of the system is still more obvious. The costals 1 and 4, separated from the

rest by distinct sutures, adjoin the ambulacra II and IV, and are driven widely apart

by an advanced plate of .').

In Pourtalesia laguncuhi, PL Vll, jig- 52, much tlie same holds good. There are

no traces of radials. The costals I and 4, bounded l)y distinct sutures, adjoin the

ambulacra II and IV, tlie costal 1 being partly in contact with the interradial 1 /^

there being only one advanced plate of 5, and that intervening between the costal 4

and the interradial 4 n. The sexual pores of the costals 2 and 3 nearly answer to

their respective interradi;i. The madreporic filter occupies the central space.

In Pourtalesia ceratopyga, PL VI f, fig. 51, the water- filter spreads over the greater

portion of the system, partly to its outermost margins. The costal 1 is completely

united to the rest, but on the left side the costal 4 is Avholly separated, by the inter-

position of three plates detached from the interradium 5, and both costals adjoin the

ambulacra II and IV, while the hind margin of the system is contiguous to the inter-

radials 1 b and 4 a. The biviary ambulacra I and V, as in the foregoing species,

terminate dorsally far apart from the calyx, and without any ti-ace of radials.

The calycinal system of Echinocrepis cuneata, PL Vll, fig. 54, is an irregular

pentagon. The madreporite spreads nearly over the whole, excepting the costals 1, 3

and 4, which are however completely united to the rest, provided with sexual pores

and not much displaced. The costal 2 is completely invaded by the filter, some of

whose pores are seen on its very edge, even in the suture. The radials II, III, W
are absent, but tlie I and V very distinct, of a fair size, pentagonally lengthened, con-

tiguous to each other as in the Ethmophract Spatangi, and to tlie terminations of the

ambulacra I and V. They seem to bear eye-spots.

Thus in Echinocrepis the calycinal system still presents somewhat of a ^patangoid

character, such as this is exhibited by Palajotropus and Pala^ostoma, in the dispo-

sition of the water-pores and the obliteration of the sutures, while, at the same time,

another feature peculiar to the older meml)ers of the grou]) '), the contiguity of the

') Conip. Ecliinoconus coiiifus, Etudes, PI. X\ , fig. IIM.
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radials I and V, again presents itself. It is in Ponrtalcsia Jeflfreysi, P. laguncula, P.

ceratopyga that the disordered and unsettled condition of the system is brought to a'

degree not reached in any other Echinoid, recent or fossil. The srnallness and irregu-

lar outline of the whole, the frequently total obliteration of the sutures, the abortion

of the radials, the displacement of the costals 1 and 4, consequent upon the general

forward movement of the parts, and accompanied, no doubt, internally by a displace-

ment of the sexual organs, the sevei'ance of one of the costals, and the abnormal con-

tiguity of 1 and 4 to the terminations of the paired trivious ambulacra, otherwise the

legitimate site of the radials, all these more or less abnormal features are as many
signs of approaching ruin. During the long range of geological time that lies between

the Triassic Tiarechinus with its ancestral, large, and regularly radiated calycinal sy-

stem, and Pourtalesia with that same system degraded, shrunk, and dismembered, the

evolutional process is marked by the successive appearance of forms unseen before,

each bearing in the condition of the calyx the criterion of its geological age. The

large, regular and intact calyx of the Endocyclic forms, with five costals and five radi-

als equally balanced, points back to the earliest aspect of Mesozoic, and even Palaeo-

zoic life, when their joint-heirs, the Palajo-Crinoidea, wei'e in existence; the Exocyclic

system, broken up posteriorly by the egress of the excretory opening, to Oolitic time;

and, among the Spatangida?, the Ethmophract system, of four costals, with the 1 and

4, and the radials I and V, or these last alone, closing from either side, is a badge

of seniority, as the other one, the Ethmolysic, with the restored costal 5 separating

the I and V, and the madreporite retrograding, is a sign of juniority. Future re-

searches Avill decide whether we should be right in seeing in the dissolving calyx of the

Pourtalesiaj an indication of a still later origin.

These, I believe, are some of the leading features in the history of the calycinal

system, as one of the constituents of the Echinoidean skeleton. A large and powerful

structure, closely specialised for a function of fundamental importance in the ecpnomy

of some remote ancestral type, is inherited, in an early state, by a descendant in which,

from a total change in the mode of life, the very purpose no longer exists for which

it was originally contrived, and to which its parts were adapted. It long retains certain

marked features which even to this day reveal its origin, but—unlike its Crinoidean

sister- structure which, with functions unaltered, multiplies its components—it remains

simple as from the beginning, and, superfluous as it has become, gradually declines in

intrinsic vigour, and is given up to subserving activities that had no share in its pre-

vious existence. Invaded by contending organs and yielding to their various ten-

dencies, it has its parts deeply modified and even to some degree suppressed, and, al-

though still tru(! to its type, and asserting, so to say, its unimpaired independence hj

redintegrating its injured frame, it dwindles nevertheless from age to age in every

succeeding form, and is seen to fall into decay and dismemberment, and to lose one

by one its charactei-istics, till at last little remains of its original constitution.

K. St. Vot.-Akad. lIiiuiU. Hil. l!l II
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V. THE POURTALESIAD^.

Tlie characteristics of tlicir skeleton. Tliey constitute a distinct family equivalent to that of the Spa-

tani^idnf! and tlie Cassidnlida-. Their geoa:raphical and batlivmetrieal <listribiition.

Eiijht, species comprised in the genus Pourtalesia, one Echinoci'cpis and one

8|)atagocystis, make the whole of what is known at present of the little grouj) discuss-

ed in the foregoing pages with regard to its skeletal morphology. It remains to

expose its characteristics in a comprehensive form, and to determine its systematic

position. In this attempt I feel all the inconvenience of being able to speak, from

immediate observation, of but a single species in an entire condition, of three others

in a fragmentary state only, and of having had before me no specimen at all of S])atago-

cystis. It so happens, moreover, that Pourtalesia Jeffreysi, the only species examined

with some degree of completeness, appears to be, in certain respects, of a more advan-

ced character than the rest, and therefore, as being less in harmony with their mode

of conformation, perhaps not rightly to be regarded as embodying the typical features

of the group. However, notwitlistanding these shortcomings, and with the reservation

therein implied, and calling to mind that this is not the first occasion, nor will be

the last, when a species tliat chances to be the most familiar to us, is put forward

as the type of its kind, I venture on the f(dlowing description, with Pourtalesia Jeff-

reysi in the foreground.

The general form of the skeleton of the Pourtalesiadas is more lengthened than

that of most other Neonomous Echinoids, sub-cylindroid or ob-conical; anteriorly more

or less truncate, sometimes ])road; in the middle slightly tumid; posteriorly tapering;

(lorsally convex, sometimes even raised into a liuinp; ventrally rather flat. Below

the slightly overhanging front the forepart is invaginated into the peritoneal cavity,

so as to form a deep infra-frontal recess, a rudimentary mouth and buccal cavity, open-

ing anteriorly and ventrally, having at its bottom the peristome, — a disposition

unexampled anywhere else in the whole class, an incipient feature approximating to

what obtains in worms. Posteriorly the body, in most of the species, terminates in a

caudal prolongation, and tlien the periproct is subdorsal, as among the Cassididida^,

or at least posterior; in one species, Echinocrepis cuneata, the body is simply pointed

behind and the periproct subventral. The stomatoproctic axis is nearly parallel to

the ventral plane.

The bilateral syjnmetry of tlie constituent elements is highly developed, while, at

the same time, the dorsal side contrasts with the ventral in a strongly marked man-

ner. In these points the Poiirtalesiada3 de])art frdin tlie Archieonomous type more

widely than any other group.

The three skeletal systems, forming together an unbroken surface, are all pro
seiit, in different states of development: the p(!risomati(! system predominates; the

and)u]:icral presents its five rays, while the cahcinal sxsteni is seen to lose its character,

and to \'erg(' upon deca}'.
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TIic ambulacrum III with the interradia 2 and 3 constitute the shortened and

blunted front part. They arc of a relatively small size, normal in outline, adorally

involuted and elevated above tlie ventral level, and thus, contrary to what obtains

even in the majority of the Spatangida3, excluded from touching the ground. The

paired ambulacra II and IV^, with the interradia 1 and 4, combine to form the leng-

thened middle part, the ventral surface, whollj' post-oral and making neai'ly the half part

of the total length. They are expanded and more or less anomalous in outline, and

so is the bivium, which, along with the odd interradium 5, makes up the abdominal

portion of the body. Thus far the Pourtalesiadte upon the whole resemble the Spa-

tangida?, but, at the same time, present an amount of peculiar modification unparalleled

among even the most advanced of these.

The peristome is built up solely of the first plates of III a b, 2 b, B a and 5,

involuted and raised above the ventral plane. It is upright, nearly vertical to the ven-

tral surface, and the oesophageal opening a longitudinal slit in the buccal membrane. The

II and IV, having their first plates excluded from the peristome, attain the calycinal system

with the terminal plates of their continuously double series. The bivious ambulacra, I and V,

are dismembered; in each of them the first plates, not received into the peristome, are united

into one single plate, and the two compound plates thus formed, by being contiguous to

each other and to the plates II a 1, 2 and IV b 1, 2, intei'vene between the labrum and the

interradia 1 and 4, while they themselves are aborally widely separated from I, 2 and

V 2, which, like the following, are double, their continuous series embracing the sternum

and episternum, 5, 2, 3, filling with their plates \ a 4 and Y b 4 the episternal angle,

surrounding with I 3, 6, 7 and V 5, 6, 7 the periproctal region, and forming the

flanks of the abdomen, but dorsally not reaching the calycinal system.

This breach of continuity in the ambulacra I and V, without parallel in the

whole class, is seen only in Pourtalesia Jeffreysi, P. laguncula, and Spatagocystis Chal-

lengeri. It is brought about by the interradia 1 and 4, which close together ven-

trally from either side and meet again dorsally, forming, between I, 1 and V, ,1 and

II and IV, anteriorly, and I and V postei'iorly, a broad, unbroken, vertical ring all

around the middle of the body, a structure unexampled among Echinoidea, and, com-

bined with the rudimental buccal cavity, expressive of a tendency towards an annu-

lose differentiation, latent, or but faintly developed elsewhere among Neonomous forms.

But, as said above, a few only of the species present this striking peculiarity. In

Pourtalesia carinata, P. ceratopyga, Echinocrepis cuneata, the interradia 1 and 4 do

not join ventrally in the middle, and consequently do not form a continuous ring.

Dorsally they meet together from either side in P. cai'inata and P. ceratopyga, but in

Echinocrepis they are separated by the ambulacra I and V, almost as in the Spatangidie.

The heteronomy of the interradium 1, so eminently characteristic of the Spatan-

gida;, and particularly of their later forms, is distinctly maintained, at least in Poui'-

talesia Jeffreysi and P. laguncula, but wholly transferred to 1 6, its formula having

become 1 b 2 -\- 3 = 4: a 2 : 4 a 3.

The obliquity indicating an imaginary discordant axis koj, IV— 1, and manifested,

throughout the whole class, in the disposition of the ambulacral plates of the peristome.
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is fully inaiiitaiiied in one sprcics only, Pourtalesia cariiiata, but discarded in P. Jeflf-

reysi, P. layuucula, P. ci'iatopyga and Echinucrupis cuneata, in Avliicli tlie first jjlatc

of the III, uni-porous in <i, M-porous in b, alone presents a remnant of the other-

wise universal formula, wliile the first plates of the paii'ed amljulacra 11 and IV, I and

V, are all synimeti'ieal on either side of the mesial line, tlius conforming to the grow-

ing tendency towards u strict bilaterality, and a graduall}' more decided contrast be-

tween the ventral side and the dorsal.

Tlie posterior interradium, 5, is dismembered in Pourtalesia Jeffreysi, P. lagun-

cula and Spatagocystis. Ventrally the / of I and V, the / of 1 and 4, and the 2 of

I and V, are interposed between 5, 1, the labrum, and 5, 2, the sternum, hi P. cari-

nata, perhaps also in P. ceratopyga and in Echinoerepis cuneata, the labrum is conti-

guous to the stermini. In P. Jeffreysi the labrum is very minute, in the i-est of species

observed large and expanding aborally. The sternum is all of one piece in P. Jeffreysi,

the plates a 2 and b 2 having coalesced, Avhile in P. carinata they appear to be se-

jjarate. It is followed in P. Jeffreysi by the regular double Spatangean episternum,

b a 3, b b :j, the pre-anals 5 a 4—6, 5 b 4 — 6', the expanded periproctal series, .') a

7

—

9, 5 b 7

—

'J, and by the dorsal sequence of [)lates gradually narrowing, and in P.

Jeffreysi, P. laguncula, P. carinata, P. ceratopyga, and Spatagocystis, reaching the

calycinal system, but by means of detached pairs of plates only, enclaves between the

1 and 4, where these close mesially, thus distantly recalling Collyrites.

The calycinal system, somewhat Spatangean in Echinoerepis by the radials I and

V being distinct, contiguous and closing, and the sexual pore of the costal 2 abortive,

in the other species, at least in Pourtalesia Jeffreysi, P. laguncula, P. ceratopyga, is

subject to a degree of degeneration seen nowhere else. Its outline is irregular, the

sutures obliterated to an extent unknown elsewhere, the radials have disappeared, and,

while there is no trace of a restored costal 5, the 1 and 4 are displaced forward

nearly beyond tlu' ambulacra II and IV, and the costal 4 even occasionally severed

from the system by detached plates of the fifth interradium; and while thus the struc-

tural consistency of the system is giving way, its relative size is reduced, and it is

drawn forward and widely removed from the bivious ambulacra.

Alone — with the Echinoneida3 — among the whole of the Neonomous Echi-

iioids, the Pourtalesiada) are honioiopodous. The pedicels, all ambulacral, are uniform,

sim])Ie, not disciferous, none of them formed into brancliial leaflets, the sub-oral

and upper frontal pedicels larger than the rest, which are very minute.

The spherids are uncovered, more various in number than usual, but always

stationed exclusively on a restricted part of the sub-labial region, on the first plates

of the ambulacra I, II, W , V, and absent on the frontal. Ill, — a characteristic without

parallel.

The single fasciola present is sub-anal, but holds not tlie same relation to the

plates of the bivium, as in tlie Prymnodesmic Spatangidaj. In one species it aborts.

The spines are Spatangean, partly curved and oar-like, partly almost straight,

all rather slender, not crowded, except on the sternum and on the palate of the buccal

cavity.
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These are the leading features that charaeterise the skeleton of the Pourtalesiaflie.

They eouibine to make them eminently Neonoinous, and different from the oldest of

these, the Ecliinoneida). With the Cassidulida^, of Oolitic origin, they have in com-

mon the caudal prolongation, the structure of the proctal part, and, in some degree,

the simple form of the pedicels. With the higher Spatangidaj, the Prymnodesmians,

they share in the abdominal lengthening of the body, the forward position of the

oesophageal opening, the heteronomy of the interradium 1, the sternum and epister-

num, the fasciola, the form of the spines. They fail to attain the high standard of

the Spatangida3 by the frequent abortion of the organs of vision, by the pedicels uni-

formly simple, not specialised into tactual, prehensile, branchial organs distributed on

differently modified parts of the ambulacra. The line of modification followed by their

special development goes in another direction, indicated by the cylindroid form of the

body, the forward position and the degradation of the calycinal system, the incipient

feature of a rudimentary mouth and buccal cavity, with the oesophageal opening and

the peristome vertical, by the peristomal part of the frontal ambulacrum and the in-

terradials 2 b I and Sal being i-aised above the ventral plane and out of contact

with the ground; by the contrast between the dorsal and ventral segment heightened by

this disposition as, also, by tlie entire set of spherids and the larger pedicels being station-

ed on the sub-labial area; by the symmetrical disposition of the parts on either side

thus being to a certain degree realised, almost to the disappearance of an otlierwise

universal obliquity indicating the existence of an axis (uo^ l\— 1; by the annular dis-

position of the intcrradia 1 and 4, forming a closed ring all around the middle of the

body, and, as a consequence, the dismemberment and backward transposition of the

fettered hind-limbs, the ambulacra I and V. These are characters in the Pourtale-

siada;, pointing, though remotely, towards animal forms of another and higher type,

animals of annulose differentiation. The sum of these features, those shared with

other groups as well as those in which they stand alone, demand the creation for

them of a distinct family, systematically equivalent to that of the Cassidulida; and the

Spatangidas: the roURTALESiADiE.

Geographically the Pourtalesiaduj are distrijjuted over the whole of the oceans.

P. Jeff'reysi seems to belong to the Norwegian Sea, having been found by the Porcu-

pine halfway between Fajroe and Shetland, and by the naturalists of the Voringen at

Lat. 63° 6' N., long. 1° 20' W.; Lat. 63° 10' N., long. 5° E.; Lat. 67° 20' N., long. 9°

E. P. miranda was dredged by de pourtales and by the Blake in the Straits of Florida.

P. phiale was tirst found by the Porcupine in the llockall Channel, then again in the

Antarctic Sea, by the Challenger. P. laguncula and P. rosea are from the Pacific; P.

hispida, P. ceratopyga and P. carinata Antarctic, the two last reaching the coast of

Chile. Echinocrepis cuneata and Spatagocystis Challengeri are Antarctic.

Bathymetrically the Pourtalesiada) have been found at depths from 442 to 5300

metres, the average depth being 2900 m. Seven species were met with from this point

and downwards, in Globigerina ooze, grey ooze, and red clay: Pourtalesia phiale, two

habitats, mean deptii 2900 metres; P. hispida, two habitats m. d. 3300 m.; P. carinata
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tlireu liabitats, iii. d. 3500 in.; P. cci'atopyjjfn, three habituts, ui. d. 3800 iii.; P. rosea

at 4750 in.; Echiiioerepis cuiieata at 2900 m.; Spatagocystis Clialleugeri, two lKil)itats,

in. d. o250 111., the inediuni of their average depths being 3800 metres. Above the gene-

ral niediuni deptli of 2900 metres and up to 442 m., from the Globigerina ooze to

the sandy mud mixed with pebbles, were found two species: Pourtalesia Jeffreysi, in

four habitats, at a mean depth of 1300 metres; P. miranda, two habitats, m. d. 1200

m.; and one species alone, Pourtalesia laguncula, from 630 m., sandy mud, 5° C,
down to 5303 m., red clay, 1° C, in five habitats, mean depth 3000 metres. At one

locality, in the Antarctic ocean, half-way between the Cape and Kerguelcn Island, at

a de[)th 292G m., four species wei'e found living together at one locality, Pourtalesia

his[)i(la, P. carinata, Echinocrepis cuneata. Spatagocystis Challengeri; half-way between

Kerguelcn Island and South Australia, in one locality, depth 3576 m., three species, P.

cerato[)yga, P. carinata, Sp. Challengeri were found with one another; two species, P.

phiale and P. hispida not far from there, at more tlian 62° S., depth 3611 m.; and

two others, P. ceratopyga and P. carinata near the coast of Chile, at 4069 m. The
rest were found single.

Thus, as far as our present knowledge goes, three species are Atlantic, and one

of these also Antarctic; two were found in the Pacific and live in the Antarctic Sea;

and of the ten species hitherto known none comes nearer to the surface than by 442

metres, while two descend to 1000 and to 2000 in., one to near 3000 m., three to

between 3000 and 4000 m., three to between 4000 and 5000 m., and one to beyond

5000 meti'es.

The littoral region comprises the favoured zones of the sea, Avhere light and

shade, a genial temperature, currents changeable in power and direction, a rich vegeta-

tion spread over extensive areas, abundance of food, of prey to allui'e, of enemies to

withstand or to evade, represent an infinitude of agents competent to call into play the

tendencies to vary, definite in kind and limited in number, which are embodied in each

species, and always ready by modifying its parts to respond to the influences of external

conditions. In this region the great majority of marine forms are at home, of the Echi-

noidea all the highest types, the Cidaridte, Echinidi-e, Clypeastridie, Echinoneidte, Cassi-

dulida; and the Spatangida', Pryinnadete and Prymnodesmian, and there live, Avith rare

exceptions, the recent representatives of the fossil types of preceding geological periods.

But not one among the known living species, not a single fossil') among the multitu-

des imbedded in the sediments of former seas, had suggested the possibility of a

combination of characters like that realised in the Pourtalesiada3, and science was not

aware of its existence, until, a few years ago, dredge and trawl descended into the

vast regions of the great depths, where life endures on hard terms, far beyond the

') Al. Agvssiz, ill the list of known recent species, Hep. Chall. Eciiinoidea, p. 208, doubtingly adduces

as possibly a Tertiary representative of the Pourtalesiadie, the fragment described by Edw. Forbes as

Echiiiarachniits Woodii, Echinodennata of the British Tertiaries, Palreontographical Society, 1852, p. 12,

pi. 11, fig. 6 a, 6 b. Professor V. Jui'frey Bell has had the kindness to examine for me the original

specimen of Forbes, now in the British Museum. There seems to be no reason whatever for regarding

it as having being part of something like a Pourtalesia. I arrived at the same conclusion from the in-

spection of another fragment, also from Crag, lent me by Mr Robert Bell, Chiswick.
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furthermost limits of solar light and of vegetation, in stillness and cold all but un-
varied, and where much of the available nutriment is contained in the sediment that

sparingly and slowly sinks down from tlie richer zones. Such are the abysses where
the Pourtalesiada^ have to lead their simple life, unapproached by many of the power-
ful agents at work above, and well may it be allowalile to surmise that the very poor-

ness of the conditions surrounding them, while leaving unawakened, and thus elimina-

ting a variety of tendencies forcibly active in the irduxbitants of more favoured regions,

has set free one deep-seated tendency, all Init dormant in them, the one towards a

structural differentiation ty])ical of a higher and different order, of the Annulat(!

Animals.

The Pourtalesiadai are not alone among Echinoids to impart a peculiar aspect

to the abyssal fauna. Like them the Phormosomas are eminently deep-sea forms, the

ten species found by the Porcupine, the Challenger, the Blake and the Knight Errant

ranging from 219 metres to 5030 m., the average depth of the genus being 2625 metres.

In five out of the eleven Challenger stations where Pourtalesiadfe were dredged, they

were found associated with Phormosomas. Higher up these are represented by species

of Asthenosoma.

As, among land animals and those of the sea that live near the shore, certain

types, properly belonging to and richly varied within the tropics, are found represented

in our temperate and even cold regions by one or the other of their forms, perhaps

somewhat modified, but still recognisable, thus also in the oceans, iti a bathymetrical

sense, certain types, properly littoral and highly developed in the favoured zones of

light, have outposts in the dark depths, sharing with true abyssal forms their reduced

conditions of existence.

In the adult state most of marine Evertebrates remain at their native station,

wandering within its precincts. Their embryonic and larval age is their period

of dispersal. Of numerous littoral forms, of different classes, tribes and orders,

currents must occasionally carry away the free swimming larvse from the vicinity

of land far into the sea, and during the course of succeeding generations early

stages of many a species will in this way have reached the wide ocean. There they

will have sunk, their development accomplished, all through depths full of dangers

and more and more ungenial, and a few of them will have settled on the bottom of

the abyss, and fewer still Avill have come to thrive there. Among these some will have

long retained their original character, and but slowly been modified, while others will

have exhibited a latitude of variation unknown or rarely seen where they came from,

but upon the whole there will be reasons for assuming the less altered forms to be

newcomers, the more deviating to be old inhabitants of the deep. At present it is

too early to enter into these cjuestions, — Avhen the whole of the materials now on

competent hands shall have been worked out, and a general view of the facts obtained,

the time will have arrived for knowing, whether the abyssal fauna may be derivable,

in the way mentioned, as a whole, from the fauna of the littoral region, as from

ils original stock, both being recent and coeval, though widely separated, or, in part,

from littoral forms no more existing, but fossil not far off'. The results then arrived
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at will perhaps come to throw some light upon the relations of certain fossil forms

now regarded as characteristic of separate geological periods.

Among Archasonomous genera, Goniocidaris, Aspidodiadenia, Echinus are repre-

sented within the deep-sea habitats of the Pourtalesiada?, and along with them a few

littoral Spatangidte. Among the Prymnodesmians Kleinia, Maretia, Cionobrissus de-

scend to associate Avith Pourtalesia laguncula at depths of 630 and 14G0 metres, and

well-known species of Brissopsis, Echinocardium, Spatangus, and a species of Macro-

pneustes, were brought up from consideral)le depths by the Challenger and the Blake,

as also some genera and species unknown before. Linopneustes Murrayi Al. Ag. '),

found to live at 630 m. with Pourtalesia laguncula, has the elongated labrum and

short, angulate sternum of Maretia planulata, its episternum, its broad and naked

ventral bivium with the three extended subanal plates, the same form of the plate 1

and 5-}- 5 of the interradium I, but its whole body is more convex, not so much ta-

pering posteriorly, the petals, level with the perisome, are more open and gradually

narrowing upward, and there is a narrow, peripetalous, peripheral fasciola of only

three or four minute tubercles in the transverse row. The two species of Homolampas "),

from 60 to 4500 metres, according to the figures and descriptions given by Al. Agas-

siz, also come near to Maretia, but the gradually narrowing petals are still more open,

their plates are much longer in relation to the breadth, and their pores are minute

aud placed diagonally. Argopatagus Al. Ag. "), an associate of Pourtalesia laguncula

at 1460 metres, to all appearance is not remotely akin to the foregoing, but apeta-

lous, the dorsal arabulacral plates being nearly equilateral hexagons with the pores al-

most central. Paheotropus '), which lives in depths from 150 to 686 metres, is emi-

nently apetalous.

Among the Prymnadetcs the ancient Ethmophract genus Hemiaster descends from

300 to 1463 metres, and there joins Pourtalesia laguncula. The Ethmolysians are

represented by two very remarkable forms of the group of Schizaster.

Aceste b(dlidifera VVyv. Tiioms. ''') appears to be a true deep-sea form, its habi-

tats being at 3500 and 5000 metres, the last shared with Pourtalesia rosea. Thanks

to Mr John Murray I can give, from actual observation, a description of its skeleton,

PL XX. The pedicels have Ijeen described above, p. 53, PL X, ju/. 90—98. In the

dorsal aspect the outline of the body is ob-cordate, frontally drawn in so as to form

a deep sinus, continuous with the large, broadly lanceolate depression tliat occupies

the middle part of the anterior slope. The dorsal surface gradually rises backward to

fjir beyond tlie middle; then the calycinal system, for a small apical space, is horizon-

tal, tlie part behind it decliniug into the almost abruptly vertical, liigh, nearly flat, ellip-

tical anal surface. The ventral side, level aloug tlie middle liuc, posteriorly suddenly

bends upward at the suture ])etween the sternum and the e](isf(Tnum ; laterally it

') Rep. Chall. EHiin., p. 167, pi. XXV, XXV /;.

-) lb., p. 104, pi. XXIV.
•<) II). p. IGO, pi. XXII, Ws,. 1~C.
*) Ktuilcs, pl. XXXII, fie;. 200.

*) Vov. Cliallenser, I, p! 376. — Al. Ac, Rep. Clmll. Rdilii,, p. l!ir), pl. XXXII, fig. 7— 11, XXXIII, a,

fif?." 1—7.
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gradually passes into the rouiuled flanks. These general features are those of Schizaster

canaliferus, the frontal sinus that of Sch. fragilis. — The perisome, upon the whole

disposed like that of Schizaster '), is in some points considerably modified. The in-

terradials 2 and 3, which, as in that genus, form the ridge bounding on either side the

great dorso-frontal depression, enter the peristome, as normal, each with a single small

plate, followed by a pair of larger ones, of which the outer one is broad, the inner

narrow. Then come, in 2 a and 3 6, two fair-sized plates, and a terminal row of

eleven or tAvelve very minute plates, that look as if coalesceiit into three or four

slender and compressed, articulated plates, making the very top of the ridge. The 2

h and 3 «, of nearly equal l)readth throughout, with the last four or five plates leng-

thened, form the inner slope of the ridge, adjoining the frontal ainbulacrum. The in-

terradia 1 and 4 are very much as in Schizaster canaliferus, Sch. japonicus and Sch.

fragilis, the plate / being subtriangular and internally extended so as to reach the 2,

while in 1 a the heteronomy is effected by the union of 2 and 3 into a single plate.

In the interradium 5 the labrum is somewhat longer than in Schizaster or Moira. The

sternum is less broad, the episternal angle distinct, the abdominal a plates a little be-

hind the /> plates, the periproct being formed by 6 5, 6, 7, a. 4, 5, 6; the anal mem-
brane,

fi.g.
236, covered with rounded scales, has the excretory opening somewhat above

the centre. — In the ambulaci'al system the III, sunk in the large and open depression

of the forepart, is lanceolate, very broad, even more so than in young Schizasters, and

expanding aborally. The II and IV are narrow, their first seven pairs of plates of a

fair size; they terminate, not with a petaloid, sunken expansion of transverse plates,

but with a sti'ongly compressed double series of minute plates, longer than they are

broad, level with the adjoining interradia, and bearing pores placed adorally and

diagonally thi'oughout, indistinct or perhaps partly wanting in the intra-fasciolar por-

tion of the inner row. The bivious ambulacra I and V are rather broad in the ventral

part, I a 2, b 3 and \ b 2, a 3 being larger than the rest, \ a 5 and V h 5 entering

the episternal angle, the terminal part gradually tapering, apetalous, the plates about

as broad as they are long, sub-hexagonal, the minute pores placed near the adoral

margin. — The peristome is normal, ^(/. 235, transversely oval, altogether anterior, upright,

vertical, not ventral. The scales covering tlie buccal membrane are larger frontally,

tlie oesophageal opening transversely oval, somewhat below its centre. — The calycinal

system, fig. 237, placed on the apex of the body, a little behind the three fourths

of the total length from the front margin, comes more near to that of Schizaster cana-

liferus, fig. 238, than to that of Moira, in which the distortion of the system is

carried very far. It is a little broader than it is long, the 1 and 4 being prominent.

In the specimen described the 1 and 2, and tlie 3, 4, 5 are united severally, only one

suture being visible, connecting the radials I and III. The 1 and 4 each have a large

sexual pore. The madreporitc; is (central. — Tlie siiigl(> fasciola, simple and undivided

all around, ansAvers to tlie peripetalous fasciola of Schizaster. Very nearly as in

that genus it traverses III, 3, 4, 2 b 4. 2 a 4, 5, 3 a 4, 3 b 4, II 7 and IV 7, 8,

') Etudes, pi. XXXI fig. 194.

K. Vet. Akad. Handl. Baii.I Ml. N:o 12
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ascends lengthwise 1 b 4, 5, 6, 4 a 4, 5, G, thus attaining 1 a. 6, 4 b il, and crosses I and

V at 11 or 12, and the odd interradiiim on its eighth pair of phites.

With tlie evidently Schizasterian Aceste bellidifera for a guide it is not diffi-

cult to see the affinity, though distant, of the very extraordinary Aerope rostrata

VVyv. Tn. '), another inhabitant of the great depths, from 1460 to 3200 metres. Ac-

cording to the figures and descriptions given, its body is mucli more elongate, the

frontal ambulacrum much less sunk, the peristome elabiatc and subcircular, not anterior,

but ventral, at the third of the entire length; the labrum is very long, the sternum

occupies the posterior third, the periproct is doi'sal; the calycinal system has four

sexual pores; the madreporite is central. The pedicels of III are those of Aceste and

Schizaster, the fasciola has the same course, and the heteronomy of 1 appears t(j be

the same. It is likewise apetalous.

Recent Echinoids coming near to the earliest Spatangida3, Adete, Ethmophraet,

Meridosternous,- were unknown to science, and indeed do not seem to exist in the

littoral belt. It was the good fortune of the late Sir Wyville Thomson to bring to

light, near Fayal, from a depth of 4850 metres the very singular Calymne relicta '),

and to have to indicate, by a nouien trivinle, the significance of the discovery. It

looks indeed like a relic from the Older Cretaceous or even the Oolitic period, com-

bining with a perfectly ethmophraet calyx a general form like that of Collyrites ellip-

tica or ovalis, a bivium widelj' separated from the calyx, a sternum composed of

several plates. But it is provided with a peripheral fasciola, a feature Tiot foreign, it

seems, to Cardiaster. It is apetalous. Its near ally, Cystechinus Al. Ag., a deep-sea

form from 1900 to 4070 metres, at '2900 m. an associate of Pourtalesia hispida, Echino-

crepis and Spatagocystis, at 3950 m. of P. ceratopyga, at 4070 m. of that species

and P. carinata, Adete, Ethmopliract, Meridosternous and Apetalous, has its liivium

dorsally joining the calyx.

Of the no less characteristic Urechinus Narcsianus Al. Ag. '), PL XXI, Jig. 239—
242, I can speak from direct observation, thanks to the liberality of my English

friends to whom 1 am oldiged for the inspection of duplicate specimens from the

('hallenger Expedition. This species was brought up in the Southern Pacific and the

Antarctic from deptlis of 2500, 2G00, and 3300 metres, from 2926 m. in company with

i'durtah-sia hispida, P. carinata, Echinocrepis cuneata and Spatagocystis Challengeri, and

by the iSlake among the Lesser Antilla?, from 772 and 2200 metres. In the dorsal

aspect its outline is oviform, tapering behind, the surface entirely smooth, the calyci-

nal system nearly central; the ventral surface almost flat, the interradium 5 slightly

rising and convex, the subanal part somewhat prominent; the peristome, fig. 240, is

slightly sunk, sub-pentangular, with the small oesophageal opening in the centre of the

buccial memlirane, wliich is covered with three circles of triangular scales, the outer-

most of which are l)y far the largest. The periproct, fuj. 241, rather wide, sul)-(irbicu-

') Voy. Challenger I, .^80. Al,. Aoass, Rep. Cliall. Eeliin. p. 192, pi. XXXIII, XXXIII a. fi.?. 8—12.
'-) Voy. Chall. I, p. .-UIC. Ah. AtiAss. Rep. Clwill. Keliin. p. 1.5.5, pi. XXXIV.
•') Report Chall. Eehiiioidca p. 14G, pi. XXIX, liy. 1—4. XXX, XXX a, lig. 1 — 14. R«port Hlakr Kehi-

iioidea. p. .52, pi. XXVI, W'j,. 1—.^.
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lar, is posterior, somewhat sub-veiitral; the excretory opening occupies the centre of tlie

anal nieiiil)rane which is covered with about five concentric rows of scales.

The anibulacral system is normal and closely resembling that of Anancites by

its hinceolate, nearly uniform radii, all level with the perisome. The peristomal for-

mula is normal. In tlie bivium the plates 1 a 2, 3, 4, I b S, 4, 5, and V b 2, 3, 4, V a

3, 4, 3, are lengthened, and the lad and \' b 4 slightly expanded interiorly, so as

to fill up the feeble re-entering angle offered b}' the corresponding plates of the po-

sterior interradium, a structure commonly met with also in Holaster and other Mcrido-

sterni, and in the Prymnadetes, that is, in forms devoid of a subanal fasciola, and in

no wise to be compared with the well-known wedge-shaped, extended plates 6 -\- x,

present in all Prymnodesmic Spatangidte. Its deficiency in Urechinus is a sure sign

of the absence of a subanal fasciola, of which not one of the several specimens care-

fully examined showed the least trace. There is, close under the periproct, a dense

accumulation of ordinary miliary tubercles, not unlike that seen in the same position

in some Brissi; it has no relation to the fasciola.

In all the five ambulacra, the plates, from 4 or 3, are very much alike, u]) to !l

at least twice as broad as they are long, then longer in proportion to the breadth,

and finally, from 12 or 13, approaching to a somewhat equilateral hexagonal form.

Tlie minute pore, from !) or 10, becomes more distant from the adoral margin, gradu-

ally Hearing the centre. Thus all the ambulacra are apetalous.

The perisome presents the almost exceptional peculiarity of having the paired

interradia perfectly symmetrical, the two plates a 2 and 6 5 of 2 and 3 being, as

observed hitherto in Palasostoma mii'abile alone, united into single plates, and like-

wise the plates a 2 and b 2 of 1 and 4. By this last unique mode of coalescence

these interradia have become symmetrical towards one another, and the heteronomy

of 1 is discarded. Hitherto Collyrites apparently was alone in presenting this regula-

rity, a feature that seemed to approximate it to the Cassidulida3. In the Holastrida%

on the other hand, in Holaster, Anancites, Off'aster '), Cai'diaster, the heteronomy, ren-

dered by the formula 1 a 2 -{- b 2 — 4 a 2 : 4 b 2
'^), \s distinctly seen in well

preserved specimens, though in others it may be difficult to make out. Of Hemip-

neustes striatus (!m. ') several specimens were subjected to repeated and careful scru-

tiny without yielding decisive evidence of the presumable heteronomy, and now, being

convinced of the perfect regularity of the corresponding parts in Urechinus, I venture,

though always with some doubt, to give the figure, on the next page, of that species, as

another example of perisomal symmetry in that early group of the Spatangidie, the

Meridostcrni, among which the asymmetry is still unsettled and, as it were, in its be-

ginning, and far from presenting the definite and constant character it gradually

assumes in the Prymnadetes and the more recent Prymnodcsmians.

The odd interradium, 5, is rather narrow; the labrum, expanded aborally, is

contiguous to I a 1, 2 and V b 1, 2. The plate 5 b 2 simulates, as it wei'e, by itself

') See the woodcut ou the next page.

'^) See above p. 15.

^) See the wood-cut.
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a small sul)-[)0TitaiigMlar storiiuui, coiitii^niuus to 1 (i 3 and V I) 3, followed by 5 a 2,

which is entirely sejjarated from /, wliile <i 2, :>, 4 and b o, 4, o form together a

slight re-entering angle, and a 6'—
.7, h 5—H are periproetal, 10— Hi dorsal, lengthened,

sub-hexagonal.

When the successive modifications of

the interradium 5 of the Spatangida} are

followed from the first appearance of the

group to our days, it is seen that in

the earliest, Collyrites '), after the labruni

thei'e begins a double row of alternating

plates, in which the plates of the a series

are posterior to those of the h series, the

. same order of sequence that holds good

throughout the whole of the Spatangidaj.

There is no apjjcarance of a true sternum.

In Hemi|)neustes the ventral plates of ei-

ther row, from the h 2 inclusively, extend

triangularly across the interradium, so as

to bring their points within a short di-

stance from the opposite ambulacrum, and

^^Sfc

Offaster corculum Goi.iu'. Eiliiiiospatagus RicorJcaiius CoTTEAU.

to leave only a minute ])art of a 2 in contact witli the labrum, tlie middle suture

of very wide; Xwvw^thus becoming a zig-zag line of very wide; turns. In Holaster ^), Cardiaster, Anancites ),

Offaster, this structure is so far modilied that the h 2. still more expanded trans-

') Etudes pi. XXIII.
-) lb. pi. XXV.
') lb. pi. XXIV.
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versely, occupies the wliolc breadtli of tlie interradiuni, assuiuiiiy a trapezoidal form,

and fully attains the ambulacrum V, to which it becomes largely contiguous. By this

means the a 2 is pushed back, widely out of contact with the labruni, but retains,

like the two or three pairs of ventral plates, tlie triangular, pointed shape and the

very oblique alternation, while the [)re-anal, abdominal and dorsal plates, in propor-

tion as they are distant aborally, and become shorter and broader, hold a less oblique

position.

The large sternum of the higher Amphisternous Spatangida) so universally con-

sists of two equal symmetrical halves in i-egular juxtaposition, as to seem hardly to

give room for a query whether it may not, after all, owe its form to a direct modifi-

cation of that of the Meridosterni. However, it will seem to me, — notwithstanding

the incompleteness of my materials, — that there really are indications of such a

possibility, of its having originated through a gradual transposition of the obliquely

placed a 2 and b 2 of the Meridosterni. The Adete Echinospatagus no doubt is rightly

numbered among the .4mphisternous Spatangid*, but the plate a 2 of its sternum, in-

ferior in size, triangular and asymmetrical, hangs behind the b plate, as if retarded

in its growth, and anteriorly Avould not attain the labrum, did not this come to meet

it with a lateral prolongation of its aboral margin. It may be allowable, from the

whole of this singular feature to look back for the existence of earlier forms, perhaps

undiscovered yet, still more evidently transitional, showing how the a 2, moving for-

ward, first began to interpose itself between the h 2 and the ambulacrum V, at the

same time exchanging its transversely cuneate shape for one more fitting its work and

the place it was striving to occupy. If so, the two halves of the sternum of the higher

Spatangida) ought not to have been formed simultaneously, but in such a way that

the b 2 alone had first been transformed into the future right plate, and, after that,

the a 2 into the left one. And this supposition appears to acquire some degree of

probability, when, leaving Echinospatagus behind, we look forward at the modifications

displayed by the Spatangidai of later appearance and higher order, modifications all of

which are continuations of what has been observed in those of a lower. Thus among

the Prymnadetes, some genera, as Palaiostoma '), Hemiaster ^), Agassizia, Schizaster,

are seen to exhibit Avhat may be regarded as marks of this movement, in the a 2

being behind and attaining adorally with a narrow point only the meeting labrum.

Among the Prymnodesmian forms the earliest, Micraster ^), still shows these traces of

the asymmetry, but through the whole series of the higher, Tertiary and recent ge-

nera 0, the symmetry and the exact juxtaposition of a 2 and b 2, of the episternals

a 3 and h 3 the pre-anals a 4, h 4, and even of one or other of the anal pairs of

plates, as a 5, 6 5, is thoroughly established: their sutures have become rectilinear

by the disappearance of the posterior inner truncation, and the angular middle suture

is confined solely to the still alternating rows of abdominal and dorsal plates.

») Etudes pi. XXXII.
2) lb. pi. XXVI, XXX, XXXI.
3) lb. pi. XXXIII.
*) lb. pi. XXXIV—XUl.
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I liiivc liiiziirded liero tliis attempt to explain the origin of the .Spatangean double

.slei'iniin in the liope tliat other observers, more t'ortunato in possessing richer nuiterials,

will deem it worth a strict examination. At present, this theory may eventually lie

found to stand the test or not, the plate marked 5 6 ^ in the skeleton of Urecliinus

Naresianus Al. Ag. is to be set (hjwii as homologous to the b b 2 in that of Ofl'a-

ster, Anancitcs, Holaster, Hemipneustes, and its b a 2 homologous to their 5 a 2,

This striking character of the interradium 5 in the earliest among the Spatangida",

tlius met with again in Urechinus; its calycinal system, ethmophract and lengthened as

in CoUyrites and the Holastridas; the absence of any heteronomy in 1, and the com-
plete symmetry of the interradia 1 and 4, recalling CoUyrites and apparently Hemi-
pneustes; the coalescence of a 2 and b 2 known hitherto in the certainly very old-

fasliioned Prymnadete, Pahi?ostoma, alone; the similarity of the five ambulacra, all of

them level with the general surface; the subcircular form of the peristome; the narrow

adoral margin of the labrum not expanded transversely, and protruding as in. the higher

iSpatangidie, — all these features combine to set forth the genus Urechinus — along

with Cystechinus and Calymne — as a true living member of the group of the Meri-

dosterni, by whicli the Spatangean type was tirst introduced, in tlie seas of the Meso-

zoic period, and A\hich was long believed to be extinct. If Urechinus Naresianus —
or, lor wliat we know, a Cystechinus or a Calymne — liad been found fossil in some
.Secondary or Tertiary stratum, any zoologist would have referred it, without hesita-

tion and rightly, to the »Ananchytida))); — but at the same time one feature would

have caught his attention as strikingly peculiar and distinctive, the total absence in

tiie ambulacra of any trace of petaloid structure.

The recent Spatangidte that live in the littoral belt, and the allied fossil forms

of Prymnadetes and Prymnodesmians, all have, for a common character, the dorsal

portions of their paired ainl)ulacra, II and IV, I and V, transformed into more or less

developed petala, within whicli the plates are crowded, shortened while transversely

extended, and freipiently mure or less deeply sunk beneath tiie perisome, all this in

order to afford as large a space as possible to the increased number of |)edicels changed

into triangular, compressed leaflets, evidently subservient to respiration. Now, it will

have been remarked that in certain generic forms of Prymnadetes and Prymnodesmians
found to inhabit the gTeat depths, the petals, when compared with those of the properly

littoral forms, are seen to be but feebly or not at all developed. In Homolampas
their plates arc but sligl'tly shortened, and tiie minute perforations of their pores are

placed diagonally, not transversely; — and Argopatagus and Paheotropus are entirely

apetalous. The littoral forms of tlie Schizasters are provided with highly developed,

deeply sunk petala, while their representatives in the great depths, Aceste and Aerope,

in this point absolutely contrast with them, having the paired ambulacra wholly apeta-

lous, narrowed in their dorsal portions, and level witli the perisome. Thus, while in

tlie littoral Spatangidie a tendency universally prevails towards having their dorsal

ambulacra with their ])cdicels modihed for branchial functions, there seems to obtain,

in the abyssal forms, within this part of their vital economy, a quiescence, that leaves

these same ambulacral plates and pedicels in undifferentiated simplicity, — a peculiarity,
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the significance of which perhaps will he found, when the researches are brought to

a close that are just begun, on the gases contained in the abyssal waters.

Urechinus, Cystechinus and Calyrane, Abyssal, Ethmophract, Meridosternous, and

true members of the ancient group of Adetes, are most decidedly apetalous. Are there,

among the genera of that group, any forms extant that, from the structure of their dorsal

ambulacra, may be put forth as the littoral or snb-littoral main stock, of which Urech-

inus and its living allies may be the deep-sea representatives? Anancites and Offaster

had the paired ambulacra level with the perisome. On the flanks the pores have their

perforations close together, rather diagonal, a little below the centre; in the dorsal

portion the crowded plates, at least twice as broad as they are long, with the per-

forations transverse, larger, separated, nearer to the outer and the adoral margins,

make very open and somewhat rudimentary petals, that evidently were the sites of

branchial leaflets. Heinipneustes, combining v/ith the ancient character of an exquisite

zig-zag sternum an impressed III bearing peculiar peripodia, a produced and laterally

expanding labrum, a madreporite widely spreading within the strictly ethmophract

calyx *), has its paired ambulacra semi-petaloid, the ])ores of I <t, V b, II a, IV />,

being large, transverse, with the outer perforation a slit Hearing the posterior margin,

while the pores of I b, V o, II b, IV a decrease dorsally, as the former increase, and

becotne very minute and sub-median, finally diagonal. Holaster, also, has the I, V, II,

IV, semi-petaloid, but the pores of the anterior series not nearly so minute relatively,

and diagonal only very near the calyx. In Cardiaster the petala are almost completely

developed, the anterior pores somewhat less, but transverse and evidently branchial.

On the analogy thus clearly offered by the Prymnadete and Prymnodesmian
Spatangi, the conclusion to be drawn from this difference, in the structure of their

ambulacra, between the recent abyssal and those ancient Meridosterni, seems lawfully

to be, that these latter, Anancites, Offaster, Hemipneustes, Cardiaster, and others, among
which at least Anancites and Offaster lived in a polythalamian sediment comparable

to that of the great depths of the actual seas, were not truly abyssal, but inhabitants

of less deep, though oceanic parts of the Mesozoic sea. If thc}^ still survive in generi-

cally allied or altered forms, these are to be looked for on the sloping bottom between

the littoral and continental shelves and the great depths. But whether extinct or still

living, they once had or yet have, in Urechinus, Cystechinus, Calymne, or in ancestors

of these, their representatives in the abysses of the ancient ocean, which are those also

of our days.

It ma}- be that the known species of the Pourtalesiada', with apetalous ambu-
lacra, are the abyssal representatives of other members of their family provided with

developed petaloid branchial apparatus, and living nearer to the light and the air, in

the littoral zone or in the vast regions interjacent between that and the great depths.

In a fossil state such forms may possibly one day be met with, in Cretaceous layers

enclosing Anancites and Echinothuria.

') See woodcut p. 70.
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Plate 1.

Pourtalesia Jeffreys! Wyv. Tiioms.

'I'lie ainbuincral system coloured.

Fia;. 1. Tlie skeleton, denuded; dorsal aspect.

Fig-. 2. The same, ventral aspect.

Fig. 3. The same, side view.

Fi°:. 4. The periproct and the anal membrane.

F'ig. 5. A pedicellar peripodium and tubercles.

Fig. 6. A lateral plate of an ambulacrum, with a pedicellar pore marked

Fig. 7. The same from the inside.

Fig. 8. The sub-labial area of another specimen.
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Plate II.

Pourtalesia Jeffreys! Wyv. Thoms.

The ambiihicrnl system coloured.

1). The skeleton, Inid out. The phites 2 i / and 3 a 1 are necessarily foresliortened. The helcrononiy

of the interradials i. b 4 and 1, b^J+'2. p. 14, as also the corresponding phites A a 2, A u H,

4 a 4. are marked with arched, dotted lines.
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Plate III.

Pourtalesia Jeffreys! Ww. Thoms.

TliL' ;iiiil)ul:\(T:tl system coloured.

Fig. 10. The ventral half of the skeleton, seeu from the inside. The hetfronoray marked as in tia;. 9.

Fig. 11. The dorsal half of the skeleton, seen from the inside.

Fig. 12. The infra-frontal recess seen from the peritoneal cavity, and from tlie left.

Fig. 13. Longitudinal section of the hindmost part of the skeleton, the caudal prolongation, the periproct,

and the anal membrane: atn.

Fig. 14. The dorsal termination of the ambulacrum V. from the inside.
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Plate IV.

Pourtalesia JefFreysi Wyv. Thoms.

Fig. 15. The sub-labial region, from the outside, showing tlie ambulacrals I / and V /, II a I and li /,

IV al and b 1, the four spherids, p. 40, and the four pedicellar peripodia.

Fig. 16. The same from the inside, showing the part bent in into the infra-frontal recess, the minute lal)ruin,

5, and the four pedicels.

Fig. 17. Part of the same, placed so as to show the intorual trabecules.

Fig. 18. The infra-frontal recess, p. 7, 28, seen from the peritoneal cavity, and from liehind, showing the

peristome with the buccal membrane and a part of the oesophagus, the neural collar (and vessel)

and the main trunks proceeding from it.

Fig. 19. The same, from the left side.

Fig. '20. The buccal membrane, with the oesophageal opening, p. 29.

Fig. 21. The top of a sub-labial pedicel.

Fig. 22. The same, in a state of contraction.

Fig. 23. One of the sexual tubes.

Fis. 24. A part of the palate of the infra-frontal recess, showing its crowded tubercles and a minute pore.
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Plate V.

-Pourtalesia Jeffreys! Ww Thoms.

'I'lic aniljiilncml system onlDUred.

Fig. 25. The CMlyninal system and the surrotnuling area, p. 79.

Fig. 26. The same I'roin the inside.

Fig. 27. The calyciiial system and surmnnding area, in another specimen.

Fig. 28. The same from the inside.

Fig. 29. The tennination of the front amhiilaeniin.

Fig. 30. Tiie articulating end of a spine, p. 24.

Fig. 31. The corresponding tubercle.

Pig. 32. The lower end of a spine.

Fig. 33. A calcareous fibre rising from the collar.

Fig. 34. A fibre with its processes, side view

Fig. 35. Another fibre, front view.

Fig. 36. An oar-like spine; shortened.
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PLATE VI.



Plate VI.

Pourtalesia laguncula Ai.. \i,. Pourtalesia carinata Ai,. Ag.

The aiubulacral system coloured.

Fig. 37. Tile skeleton of 1'. lanuTieula, ventral view, p. 17.

Fig. 38. Tlie skeleton of P. lagnncnla, another specimen, \eiitral view.

Fig. 39. The sub-oral region of the same.

Fig. 40. The suli-oral region of the specimen (ig. 'M

.

Fig. 41. A peristomal pedicel and spherid, of the same.

Fig. 42. The sub-oral area of P. carinata.

Fig. 43. The same, from another specimen.

Fig. 44. Peristomal part of the same area, from the specimen fig. 42.

Fig. 45. The infra-frontal recess, seen from the peritoneal cavity; left view.

Fig. 46. The involuted part of the labial region.
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PLATE VII.



Plate VII.

Pourtalesia carinata Al. Au. P. ceratopyga Ai,. Au. P. laguncula Al. At.. Echinocrepis cuneata Al. Ag.

Fig. 47. Peripodia and splueridia ol' the aitibulacrals V a J ami V /< / in 1'. carinata.

Fig. 48. Tliu suh-oial region of 1'. eeratopyga; ambuiacrals euluured.

Fig. 49. A |)art of the same, in a difi'erent position.

Fig. 50. A part of the same with pedicels, spines, and spherids.

Fig. 51. The calycinal system of the same, with the surrounding region, ]). tSO.

Fig. 52. The same parts in P. laguncula.

Fig. 53. The sub-oral region of Echinocrepis cuneata; ambuiacrals coloured.

Fig. 54. The calycinal system and surrounding area m the same.
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PLATE VIII.
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64,78,79.)IaretLaplimiilalaI,A}lK.59^61,76.LoveiiiaeIons'a1aGR'\Y. 63J7Abat.Philipiflin.d5Asass.scrobiculalaVAL.6(3Brissops.

lyi'ifera FOKB. i'i7,i:i8.Acestel3PlMireraW.TH0MS. 69_71.>Ieoiiia eraiulis iSAY. 7.?,73.Palffolrop..]osephuicfi]i.74.Brissus cmnpressiis

lA>TK.75..Bris.sii.s mediattn' ii.





PLATE IX.

Aknd. Handl. Baiul. ID.



Plate IX.

Pedicels of Brissopsis lyrifera Foubes

V\^. 80. The tip of a filament from a plivlloclean ])edicel, side view. p. 45.

Fig. 81. The same, end view, seen from above.

Fig. 82. Optical section of the same, highly magnified.

Fig. 83. Terminal part of a simple, ventral pedicel, p. 47.

Fig. 84. The same of another specimen.

Fig. 86. The top of a sub-anal pedicel, p. 48.

Fig. 86. The disk of a frontal pedicel, p. 54.

Fig. 87. Optical section of the margin of the same.

Fig. 88. Pigment-cells from the same.

Fig. 89. Optical section of an intra-laniellar part of the disk.

Fig. 90. Longitudinal section of the wall of the tube of a frontal pedicel, p. 55.
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W.THOfS 99.i(leMa liizoiiica GM. J(X).SrliT/..rra2ili.s Hi K.ini,Ki'.MO;!,llLSdiiz,iaponicii,s AL.A(M04.Narelia iilanulala I.AMK.

lOoJlPtalici iiinciilo.sa CM KKi Metfronlosa n 107.10>'.l,ov oldiiL'ala i;r,Ar.lO'.).Spalan'>us piirpumLS O.FW.





PLATE XL



Plate XL

Pedicels of Echinidae, Echinoneidae, Cassidulidae and Spatangidae.

p. 47, 4;t, 54.

Fig. 112. The disk of a pedicel in Toxopueustes droebacheiisis O. F. M., siiowiiig the lamiiue ;ind tiie con-

verging muscular fibres; p. 49.

Fig. 113. The central circular space of the same, showing the angular depression and the plicatures of the

surface.

Fig. 114. The same seen from the under side, showing the psellion.

Fig. 115. A part of the same more highly magnified.

Fig. lit). The disk of a pedicel in Echinoiieus semilunaris I;.\mck., from above; p. 50.

Fig. 117. The same, from the under side, with the psellion.

Fig. 118. The terminal part of a pedicel in Rhynchopygus paciticus Al. Ac, p. 56.

Fig. 119. The same, in a different state.

Fig. 120. The disk of a frontal pedicel in Echinocardium cordatum Pe.nn., with the enormously developed

spicule; p. 56.

Fig. 121. A rod from one of the tihnneuts of the same, somewhat shortened, with the basal circlet.

Fig. 122. Another form of the large spicule under the disk, in the same species.

Fig. 123. The same spicule, double.

Fig. 124. Another, spinous form of ihe large spicule.

Fig. 125. Another form of the same.

Fig. 12C. Another smaller form of the same.

Fig. 127. The disk of one of the frontal pedicels in Echinocardium ilavcscens 0. F. M.

Fig. 128. Tw'O of its filaments with part of the ring, psellion.

Fig. 129. The rod from one of its HIaments.

Fig. 130. Spicules from its ring.

Fig. 131. The terminal part of a frontal pedicel in Breynia Australasia; Le.\ch.
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PLATE XII.



Platf. XII.

Peripodia of Neonomous Echinoids.

V. ;")(;.

Ecliiiioneidae.

IV „ /: Uln.

Fig. 132. Eoliiiioneiis semiluimris I.AMCK.

Cassidnlidse.

Phvll. IV nl: .Sub-uii. V «, V 4 I'i ; Front. Ill «.

Fig. \?>'.'. Pygnivliyiicliiis pufiticiLS Al,. Ag.

Spatangidie.

Phyll. IV nl: Siib-an, V /,. V ,/ ; I'n.nt. Illn; Petal. II n.

Adeti.

Fig. 134. Holaster scaniciisis Cotteau.

Fig. 135. Aiiancites ovata Leske.

Fig. I3(i. ni'iiiipiipiiitef= radiahis! Gm.

Fry nin adeti.

Fig. 137. Feliiiiospatagus llicordeauus Cotteau.

Fig. 138. Hemiaster F^ourneli Cotteau.

Fig. 139 Paheostoiiia iiiirabile Orav.
Fig. 140. Schizaster japonieiis Al. Ag.

Fig. 141. Agassi/.ia scrobiculata Val.

Fig. 142. F^aovina cliinensis GnAV.

I'ry 111 n nd es iii i i.

I'^ig. 143. Brissopsis lyril'era Foini.

Fig. 144. Rrissus SeilJEn; Lamck.
Fig. 145. Spataiigus piirpureus O. F. M.
Fig. 14(i. Lovenia elongata Gray.
Fig. 147. Maretia plaiiiilata I^amk.

Fig. 1 Is. Kclnnocardiiini cordatnin I'r.NN.

I'(Mir(al('siii(ln'.

Fis;. 14U. Pourlaiesia .IctlVtvsi Wvv. Th.
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PLATE XIII.

K. Sv. Vet. Akad. Handl, Hand. 19. .\:o 7.



Plate XIII.

Tiarechinus princeps Laube.

P. 11, (54.

Fig. 150. The speciinea from the "K. K. Geologische Eeichs-Aiistalt", Vienna, dorsal view: magnified •ihont

nine times.

Fig. 151. The same, ventral view.

Fig. 152. The same, showing the plates.

Fig. 153. The same, side view.

Fig. 154. The same, showing the plates.

Fig. 155. The caly.x of the same.

Fig. 156. One of the sexual? pores.

Fig. 157. Granulation of the interradia.

Fig. 158. The adoral part of an aniluilaernm.

Fig. 159. The aboral part of the same.

Fig. 160. One of the large tubercles of the interradia.

Fig. 161. The specimen from the "K. K. Hof-Mineralien Cabinet" Vienna, ventral view.

Fig. 162. Another specimen, from the same collection, dorsal view.
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PLATE XIV.



Plate XIV.

Abatus cavernosus Piiu..

I'. 20, -'b, 4(), 74.

Fig. 163. A young specimen, measuring 2,3 mm., taken out of one of the deepened jietala by the late Pro-

fessor Peters of Berlin. It is jejune, astomous, aproctic. Ventral view.

Fig. 1G4. The same, dorsal view.

Fig. 164, A. The calycinal region.

Fig. 165. The buccal membrane, entire, unpierced, tlie oesophageal end of the alimentai'y canal with its lumen

appearing on its inside. To be compared with the woodcut p. 26, representing the same parts

in a specimen a little more advanced, in which the oesophageal opening has pierced the buccal

membrane centrally.

Fig. 166. The calycinal region from the inside, sho\. ng the blind excretory extremity of the intestine touching

the closed membrane centrally.

Fig. 167. The peristomal region from the inside, showing the blind oesophagus resting against the buccal

membrane.

Fig. 168. The blind excretory end of the intestine, suspended to the peritoneal lining.

Fig. 169. A spherid, optica! section.

Fig. 170. A tubercle.

Fig. 171. A spine with the larval envelope.
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PLATE XV.



Plate XV.

Echinocardium flavescens O. F. M.

p. 2G, 46.

Vig. 172. A. young specimen, measuring 1,7 mm., deiuideil of its spines; ventral view. The oesophagus has

already pierced the buccal membrane.

Fig. 173. The same; dorsal view. The periproct, just formed, high up on the bacl;. The fasciolne have begun

to appear. In the frontal ambulacrum, III, a single pedicel, others being probably lost, 'i'hc

details of the calycinal system were obscured by some opaque substance contained in the intestine,

and could not be made out properly.

Fig. 174. The peristomal region of a specimen measuring 3 mm.
Fig. 175. A part of the peristomal region of a specimen between fig. 173 and 174.

Fig. 176. The top of a phyllodean pedicel in the early state, fig. 172.

Fig. 177. Another with two rods beginning to form.

Fig. 178. The filaments with their rods a little more advanced.

Fig. 179. Another with the psellion.

Fig. 180. Another with the rudiments of three filaments.

Fig. 181. The disk of a phyllodean pedicel in a young specimen measuring 5,3 mm., with eight filaments in

a circle and a ninth filament beginning an inner series.

Fig. 182. Spicules from its pseUion.

Fig. 183. The peristomal part of an interradiuni from the inside, showing the transverse laminae, p. 26.
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PLATE XVI.



Plate XVI.

Palseostoma mirabile Gray.

P. 37, 4o, -A

Fig. 184. A liiilf-s;i-o\vn specimen, dorsal view.

Pig. 185. The same, ventral view.

Fig. 186. The same, side view.

Fig. 187. The peristomal region, with the pfiitangiilar stoma, the valves, the rtrst spherids etc.

Fig. 188. The peristome, with the valves, from the inside.

Fig. 189. The valves, from the outside.

Fig. 190. The calyx with the two sexual pores.

Fig. 191. The excretory opening with its valves.

Fig. 192. A phyllodean pedicel.

Fig. 193. Another phyllodean pedicel, both sliowiiig what seems to be a central protuberance.

Fig. 194. The disk of a frontal pedicel, p. .^.'!.

Fig. 195. Spicules from a pediceilar tube.

Fig. 196. A tubercle.
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PLATE XVII.

K. Sv. Vet. Akad. Haii.ll. Bund. 19. X:o 7.



Plate XVII.

The Calycinal System of Spatatjgidae.

Fio-.
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PLATE XVIII.



Plate XVIII.

The Calycinal System of Spatangidae.

p. 74.

Fig. -'09. Till! ciilyx of a s[)(:ciiiiuii of f>pat;iii!jiis piirpuvcus O. F. M., of 5:4 mm.
F^ig. 210. The same, at 13,5 : 12 mm.
Fig. 211. The same, at 14:13 ram.

F'ig. 212. The same, at 15 : 14 ram.

Fig. 213. The same, at 16: 14 mm.
Fig. 214. The same, at 16 ; 15 mm.
Fig. 215. The same, at 18; 16 mm.
Fig. 216. The same, at 19 : 18 mm.
Fig. 217. The same, at 24 : 21 mm.
Fig. 218. The same, at 23:22 mm.
Fig. 211). The same, at 53:50 mm. .\ single uia(lri:poi-ic pore, markttl *, outside the calyx.

Fig. 220. The calyx of Abatus eavcriiosus Phil.

Fig. 221. The same of Hemiastcr bufo .\l. Brogn.

Fig. 222. The same of Hemiastcr expergitus Lov.
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PLATE XIX.



Plate XIX.

The Calycinal System of Brissopsis; young of Echinus.

Till' ralv.v (il a spc'ciinuii ol Urissopsis Iviilciii I-Okk., of 9 ; 7 iniii.

The same, at 11:9 mm.
The same, at 1.5 : 12 mm.
The same, at IT) ; 13 mm,
'I"he same, at Ifi : K5 nun

The same, at 38 : .3.5 mm., having a number of madreporic pores in tije iiiteiradiuin ."i.

The same, at 42 , 38; the eostal 2 without sexiial pore.

The same, at 44:40; the madreporitc spreading- ontside the sexual pore in the costal 1.

The same in a nearly full-!;rown specimen, with a larijer numlicr of madieporic pore? in the interra-

dium 5. and a few in the amljulacrnm I.

Fiij. 232, Echinus S]). younsr, (j,fi mm., astomous. aproctic. jejune, same specimen as thai descg-ilicd m Ktudcs

p. 27, pl.'XVli, fig. 149— 152 ; dorsal view; p. '25.

Fia'. 233. Tlie same, ventral view.

Fig.
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PLATE XX.



Plate XX.

Aceste bellidifera \X\v. Thoms. Schizaster canaliferus LA?\n k.

P. 88.

Fi^
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PLATE XXI.

K. Sv. Vot. Akart. Handl. Band. 19.



Plate XXI.

Urechinus Naresianus Al. Ag.

p. 9U.

Fi?. 239. The skeleton of Urecliimts Naresi;\iuis Ai,. Ac, laid out.

Fi^. 210. The buccal membrane of the same.

Fi?. 241. The anal membrane of the same.

Fio-. 242. The calvcinal system of tlie same.
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