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PREFACE

THE present volume is the “Third Part” in order of a com-
prehensive treatise on Zoology, which has been for some time
in preparation under my editorship. In this treatise each
of the larger groups of the Animal Kingdom is to be described
by a separate author; whilst, as far as possible, uniformity
in method and scope of treatment is aimed at. The authors
are, for the most part, graduates of the University of Oxford,
though it may not be possible to maintain this limitation in
future sections of the work.

The general aim of the treatise is to give a systematic
exposition of the characters of the classes and orders of the
Animal Kingdom, with a citation in due place of the families
and chief genera included in the groups discussed. The work
is addressed to the serious student of Zoology. To a large
extent the illustrations are original. A main purpose of the
Editor has been that the work shall be an -independent and
trustworthy presentation, by means of the systematic survey,
or taxonomic method, of the main facts and conclusions of
Zoology, or, to speak more precisely, of Animal Morphography.

The treatise will be completed in ten parts of the size of
the present one. It will at once be apparent that this
limitation necessitates brevity in treatment which, however,
will not, it is believed, be found inconsistent with the fulfil-

ment of the scope proposed or with the utility of the work
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to students. The immediate publication of the following

parts may be expected :—

Part 1. Introduction and the Protozoa.

Part II. General Discussion of the Metazoa—The Pori-
fera — The Hydromedusae — The Scypho-
medusae—The Anthozoa—The Ctenophora.

Part III. The Echinoderma (the present volume).

Part IV. The Mesozoa—The Platyhelmia—The Nemer-
tini.

These parts will be issued, without reference to logical
sequence, as soon as they are ready for the press. In accord-
ance with this procedure, which to some extent evades the
injustice of making an author, whose work is finished, wait
for publication until other more tardy writers have completed
their tasks, the present volume, which is Part IIL, is the first
to make its appearance.

The following authors have undertaken portions of the
work :— Professor Poulton, FR.S, M.A.Oxon.; Professor
Weldon, F.R.S, M.A. Oxon.; Professor Benham, D.Se.,, M.A.
Oxon.; Mr. G. C. Bourne, M.A. Oxon. ; Mr. G. H. Fowler,
M.A. Oxon. ; Professor Minchin, M.A. Oxon.; Mr, F. A. Bather,
M.A. Oxon. ; Professor J. W. Gregory, D.Sc.; and Mr. E S.
Goodrich, M.A. Oxon.

E. RAY LANKESTER.

February 1900.
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CHAPTER VIIIL

THE ECHINODERMA.!

PHYLUM ECHINODERMA.

GRADE A. PELMATOZOA.

Crass 1. CyYSTIDEA.
»» 1I. BLASTOIDEA.
,, 1II. CRINOIDEA.
,,» IV. EDRIOASTEROIDEA.

GRADE B. ELEUTHEROZOA.

Crass 1. HOLOTHURIOIDEA.
»» 1. STELLEROIDEA.
,» 1II. ECHINOIDEA.

General Features.—This is one of the best characterised and
most distinct Phyla of the Animal Kingdom. Nearly all the living
animals included in it, such as the sea-urchin (Echinoid), starfish
(Asteroid), brittle-star (Ophiuroid), sea-cucumber (Holothurian),
sea-lily (stalked Crinoid), or feather-star (free Crinoid), can readily
be distinguished through their possession of a radial symmetry, in
which the number five is dominant, of a sub-epidermic skeleton com-
posed of calecium carbonate, with a characteristic micro-structure
resembling trellis-work, and of a system of sacs, canals, and tubes
that carry water through the body, especially by means of five
radial canals from which small branches called podia are given off to
the exterior. The extinct forms known as Blastoidea and Edrio-
asteroidea appear to have had a similar organisation ; and the same
statement may be made of most of the Cystidea,anotherextinct class.

It is true that there are recent forms in which the quinqueradial
symmetry or pentamerism is obscure; but, on the whole, it is so
marked a feature that the early zoologists, and notably Cuvier,
placed the Echinoderm: together with the Coelentera in a sub-

I By F. A. Bather, M. A,
I



2 ECHINODERMA—GENERAL DESCRIPTION

kingdom Radiata. The presence of a gut distinct from the body-
cavity (coelom) is alone enough to mark the superiority of Echino-
derm organisation, as was first insisted on by Leuckart. The
resemblance of certain Holothurians to the Gephyrea is but super-
ficial and secondary ; the above-mentioned characters form sufficient
distinction.

Examples of the Classes.—Within the Echinoderma is great
diversity of organisation. Between the worm-like, semi-gelatinous
Holothurian, Synapta, living in the mud of the shore, and the
stalked Pentacrinus of the depths of the sea, or the brittle-star of
the rock-pools, there might well seem an impassable barrier.
Taking typical examples of the various classes, let us note the
more obvious differences. In an ordinary Holothurian (e.g. Holo-
thuria, Cucumaria, Fig. IV. 4, p. 231) the body is cucumber-shaped,
with a mouth at one end and an anus at the other; round the
mouth is a ring-canal of the water-vascular system, and from it
are given off five radial canals, running below the surface of the
flexible integument and sending podia to the exterior ; two of the
avenues (ambulacra) of podia run along that surface of the body
which is away from the ground and may be called ““dorsal”; the
“ventral ” surface, containing the other three ambulacra, is often
flattened to form a kind of walking sole. A Holothurian has no
arms or projecting rays, but its mouth is surrounded by a circlet
of tentacles, often branched, retractile at will, and serving to collect
food. A Regular Sea-urchin (e.g. Echinus, Cidaris, Figs. VII., XVIL
pp. 290, 303) resembles a Holothurian in being without projecting
rays; but it is more spherical in shape, with a rigid test, and
moves with its mouth towards the sea-floor, and with its anus at
the opposite pole of the body. In a Heart-urchin (e.g. Spatangus,
Fig. XLV. p. 324), which moves through and swallows mud and
sand, the body has become obliquely elongate, i.e. with the long axis
at an angle of 36° to the position it occupies in a Holothurian ; the
mouth has moved a little forward, and the anus  has moved down
from the top of the body to its lower surface, so that both mouth
and anus lie on the under surface, at either end of the long axis.
In Echinoids, the radial water-vessels are beneath the test (“hypo-
thecal ”) and stretch from the oral to the anal pole. In a Starfish
the mouth is in the centre of the under surface, while the anus is
almost in the centre of the upper surface, but is absent in a few
forms ; the body, encased in a yielding theca, is either markedly
pentagonal in outline or star-shaped ; in the latter case a central
“disc” may be distinguished from the “arms.” The number of
arms varies from five (e.g. 4 sterias rubens, Figs.I,IV pp. 240,242) to
over forty (e.g. Heliaster). The radial water-vessels, one to each arm,
lie in a_groove on the oral surface (““epithecal ”) and are fringed
by podia, which do not pass on to the aboral surface at all. An
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Ophiuroid (Fig. XIIL p. 261) resembles a starfish in which there is a
sharp distinction between arms and disc; the mouth is on the
under surface, but there is no anus. Whereas the arms of a star-
fish are merely extensions of the body, containing the generative
glands and processes from the stomach, those of an Ophiuroid con-
tain only blood-vessels, water-vessels, and nerves, and, being
themselves used as locomotor organs, have a stout internal skeleton
of separate ossicles, worked on one another by well-developed
muscles, but have less developed podia; they are nearly always
tive, and unbranched except in Astrophytidae (Fig. XXXII. p. 277).
As is explained on p. 238, however, no sharp line can be drawn
between Asteroid and Ophiuroid structure. A Crinoid (Fig. III.
p. 98) differs markedly from all the forms just mentioned, in that
the mouth faces upwards, or away from the sea-floor; the anus
is also on the upper surface. This position is connected with the
fixed habit of the Crinoids, which are attached temporarily or
permanently to the sea-floor by their aboral surface, usually
through a jointed stem. This fixed state of existence is corre-
lated with the development of a jointed process (“arm” or
brachium) from each radius of the rigid theca. The arms are
often forked many times ; they contain extensions of the nervous,
blood-vascular, water-vascular, and generative systems, and have a
ventral groove lined with cilia which sweep currents of water to the
mouth. The Blastoids (Fig. IV. p. 82) may be roughly described
as Crinoids without brachia, but with food-grooves on the oral
surface of the theca, fringed with jointed skeletal processes
(brachiola). The Cystidea, like the Crinoids, are fixed, with mouth
and anus on the upper surface ; the relations of their food-grooves
and water-canals vary greatly ; in some of the older ones (Fig. II.
p. 44) radial symmetry does not seem to have affected even these
organs, still less, therefore, any other organs of the body. The
Edrioasteroidea (Fig. VL. p. 209) are sessile, with upwardly directed
mouth and anus, with five food-grooves radiating from the mouth,
sometimes on to the aboral surface, as in Echinoids, and appar ently
with hypothecal water- canals, also as in Ech1n01ds, at any rate
with some portions of the Water-vessels penetrating the test along
the ambulacra.

Phylogeny and Ontogeny.—The combined evidence of com-
parative anatomy, embryology, and palaeontology indicates that
the Echinoderma owe most of their obvious characters, such as
radiate symmetry, the ambulacra, and the coil of the gut, to their
having passed through a ¢ pelmatozoic ” stage, .. a stage in which
the animal was attached by a part of its body wall, in which the
mouth, and to a less extent the other apertures, faced upwards,
while there was a tendenocy to the radiate (pentamerous) exten-
sion of food-grooves with accompanying organs (see Chapter IX,,
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“Pelmatozoa ). Setting aside these characters, the origin of which
may be traced in individual development, and selecting those
common to the early stages of all Echinoderms, zoologists have im-
agined a phylogenetic
stage, the two-sided or
Dipleurula stage (Fig.
I.), more or less re-
peated in the Dipleurula
" larvae of recent Echino-
derms (Fig. IL.). The

animal was marine. Its

Diagrammatic reconstruction of the imagined Dipleurula long axils was antero-

ancestor. Anterior end on left of drawing; organs of left :
side towards observer, and with stronger outline than those posterlor and pa'ra'llel

of right side. For description and lettering, see adjoining to the sea-floor. The
text. A
mouth (0) was anterior
and ventral ; the anus (As) posterior or postero-ventral. The
two were joined by an uncoiled gut, perhaps with a stomachal
enlargement in the middle. On either side of this lay the coelom,
formed by constriction from the larval stomach or archenteron, in
other words, an “ enterocoel ”; it was divided into a right and left
anterior portion (a.c), and a right and left posterior portion (r.p.c
and l.p.c). Each anterior vesicle was connected with the exterior
by a canal, opening at a dorsal pore (M) on each side the median
line, sometimes, perhaps, fusing into one. These canals were in-
directly connected (s.c) with posterior offshoots from the anterior
coelom, the right and left hydrocoels (r.h¢ and l.kc). Gonads
developed from the coelomic endothelium. The ectodermal
epithelium was probably ciliated, and a portion of it in the “pre-
oral lobe” (p.l) was differentiated as a sense organ, with longer
cilia and underlying nerve-centre (n), from which two gangliated

Fia. II.

Dipleurula larvae seen from right side (partly after Lan 1, Plute inoid ;
g, Aurglula;ia of Holothu;*imll; 8, Bipinnalrial of Asteroid ; 4, gl)‘.oma;'ia of giltgfo;::gtlx!slgg:
mouth ; 4s, anus; s, spicule; np, neural plate with cilia. =Th i B
sent ciliated bands ; the shaded areas show thg course of the gut. © strong black lines repre

nerves ran back below the ventral surface. In the mesoblastic
connective tissue, derived by the migration of cells, there was a
tendency to the secretion of crystalline calcium carbonate, Except
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for the latter character, the Dipleurula agrees in essentials with
the larva of Enteropneusta, which was described by Joh. Miiller
(1850) as an Echinoderm larva, under the name Zornaric
(Fig. II. 4).

The simplest larval form among recent Echinoderms, that of
the Holothurians, known as Auricularia (Fig. IL. 2, and Fig. 1I1.),
differs from the Dipleurula in being bent upon its ventral surface,
80 that the mouth lies in the middle of the concavity so formed,
while in front of it is a * preoral lobe,” and behind it is a similar
prominence, in the middle of which, on the ventral surface, is the
anus ; the cilia are restricted to a band immediately surrounding
the mouth, and a band that
passes in front of the mouth,
then round the edge of the
ventral concavity, and across
in front of the anus. In
subsequent development the
ciliated ring becomes very
sinuous, and when the 4uri-
cularia  assumes a Dbarrel
shape, before changing into
the Holothurian, the ring
atrophies in sixteen places,
and the separate pieces unite
in such a way as to form
five rings like hoops round
the barrel. In this stage the
mouth has again passed up
to the anterior pole, and the

anus down to the posterior.
u own to R te Auricularia of Synupta, the ventral surface and

This form is called the Pupa left side facing the observer (after Semon). 0,
. wmouth ; o¢, oesophagus ; &, stomach ; r, rectum ;
(Fig. I. 8, p. 219). hp, hydropore; he, h{drocoel; r and Ipc, right
The only free larval form  gal o peteri sl hrvots s
that is known among Pel- —1, preoral ; 2, adoral; 3, eircumoral; and 4,
matozoa is that of the highly ~ *™*+ **
specialised free-moving Crinoid, Anfedon. It resembles the Holo-
thurian Pupa in general shape (Fig. IV.), and in the possession of
five ciliated bands (cc), probably derived in a similar manner ;
but since the early stages have been pressed out of the develop-
ment, this cannot be considered proven. Here, moreover, thers
remains a ventral concavity, through which the definitive mouth
breaks (0) ; there is no anus at this stage. Anteriorly is a tuft
of long cilia.
Most Asteroidea have a larva known as Bipinnaria (Fig. II.
3, and Fig. VI. 10), which passes through an Auricularia stage.
By a meeting of the sinuosities of the ciliated ring anteriorly,

Fia, IMI
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there is formed a preoral ring which separates from the rest.
The ventral depression runs up on either side the preoral area,
and eventually surrounds it and its ciliated ring. In the region
of the ciliated rings the body stretches out pro-
cesses, which are symmetrically paired, except the
frontal process, which bears the preoral ring. In
some species this process splits into three branches
and the cilia disappear; such a form is called
Brachiolaria.

A still further development is the Plufeus
larva (Fig. II. 1, and Fig. V.) of Ophiuroids
and Echinoids, characterised by the decrease of
the preoral area and the increase of the anal area ;

Fro. V. paired processes extend forward, and an unpaired

‘Larva of Antedon Pprocess stretches backward from the posterior end
e D ool Of the anal area ; these processes are usually very
lobe (PL), uppermost. Jong and supported by spicules, but movable.
X% Two, arising from the posterior and lateral region
of the ciliated ring, are pronounced in Ophiuroids but absent in
Echinoids.

The development of the larval form
from the ovum is effected in much the
same way in all known Echinoderma
(Fig. VI.). The segmentation of the
ovum is total and quite or almost equal
(Fig. VI. 2). A coeloblastula is formed
with a segmentation cavity, and with a
wall of a single cell-layer, thicker in
one region (Fig. VI. 3). This region
is invaginated, forming the archenteron
of a gastrula (Fig. VI. 4). At about
the same time the thickened region,
now the end wall of the archenteron,
proliferates endoderm cells, some of
whif:h wander into the segmentation  py..c oc Heart-urchin, from
cavity, where they may be joined by a ventralside(after Lang). 0, mouth;
lesser number from other parts of the S
gastrula wall (ectoderm), and so form mesenchyme, from which
mesoderm tissue is ultimately developed (Fig. VI. 5). The
archenteron occupies but a small part of the segmentation cavity,
its lumen is usually narrow, and the external opening forms a
small blastopore, which in Anfedon soon closes. Both endoderm
and ectoderm are usually ciliated from the beginning ; but in
Anitedon cilia appear only on the ectoderm after gastrulation.

The larva becomes bilaterally symmetrical by dorso-ventral
compression and the formation of a ventral concavity. The inner,

Fia. V.
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t.e. anterior, end of the archenteron becomes constricted off from
the rest of the archenteron to form the “coelom” (Fig. VI. 6).
The coelom sends backward a process on each side in the dorsal
region ; the hinder parts of these become constricted off as a
“right and left posterior coelom,” which almost meet posteriorly ;
the remainder forms the “anterior coelom” (Fig. VI. 7). At the
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Fia. VL.

Early stages of Echinoderm ontogeny. 1,2, 8, the Echinoid Echinocyamus (after Théel).
4, 5, 6, the Crinoid Antedon (after Seeliger). 7, 8, 11, the Asteroid Asterina (after
MacBride). 9 (after Bury). 10 (after G. W. Field). 1, ovum in mucilaginous coat ; vitelline
membrane (v) beginning to separate ; s, Spermatozoa, one of which is entering the yolk (x130).
9, segmenting ovum seen from above, 2 hrs. 20 win. after fertilisation. 38, blastula in
longitudinal section, 18 hrs. after fertilisation. ¢, cilia ; sc, segmentation cavity (x200). 4,
gastrula, in section, 16 hrs.; e, archenteron ; bp, blastopore (x73). 5, the same, 26 hrs., with
mesenchyme (ms) developing fron endoderm. Letters as before (x88). 6, 48 hrs., with
blastopore closed, and archenteron constricted into-ac anterior, mesenteron, and ec posterior
enterocoel (x88). 7, longitudinal section showing extension of right and left posterior
coeloms (rpe, Ipc) from anterior coelom around larval stomach (st), (x60). 8, further stage,
showing rpe and Ipc separated from ac, and lobes of the rudimentary left hydrocoel (kc), (X 60).
9, dorsal view of a Bipinnaria. oe, oesophagus; hp, hydropore ; ¥, “ blood-vascular space,”
Bury, perhaps rudiment of right hydrocoel. Other letters as before (x50). 10, Bipinnaria
of Asterias, four days old. e, ciliated band ; m, mesenchymatous muscle fibres (x73). 11,
diagram showing relations of stone canal (stc) and pore canal (pc) to left hydrocoel (lkc) and
anterior coelom (ac).

hinder end of the anterior coelom, on both the right and left side,
there is a small outgrowth, the “right and left hydrocoel” (Fig.
VI. 8); that on the left is, as it happens, much more developed,
but the presence of a right hydrocoel has been proved by Metsch-
nikoff (1869) and MacBride (1896), (y in Fig. VI. 9). Near
the median dorsal line, above the hinder end of the anterior
coelom, a perforation arises in a thickening of the ectoderm,
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forming the “hydropore” and the “pore canal”; while, in no connec-
tion with this, a groove arises along the hinder wall of the anterioz
coelom, and develops into a canal connecting the left h‘ydrocoel
with the anterior coelom, and called ‘“‘stone canal,” because 1ts homo-
logue in recent adult Echinoderms develops spicules in its walls
(Fig. VI. 11). MacBride (1896) has observed larvae of Asterina
gibbosa, in which there were a hydropore and stone canal on the
right, and some in which both right and left pores were present.
The latter arrangement occurs also temporarily in the Bipinnaria
of Asterias (Field, 1892, Fig. VI. 10), and is that which we suppose
to have obtained in the Dipleurula.

On the ventral side, at the anterior end of the body, a mouth
is produced by invagination, and leads into the remaining part of
the archenteron, which becomes modified into a larval stomach and
a short rectum curved ventralwards and opening at the blastopore.
The part of the larva in front of the mouth is called ¢ the preoral
lobe,” and a portion of it becomes a sense organ, usually ciliated,
with a development of nerve tissue (Fig. VI. 9, 10; Fig. I.).

It must not be supposed that a Dipleurula larva of this simple
type actually exists. In each class it presents some modification,
the outward appearances of which have already been described.
Moreover, the internal structures vary in the order of their
development and in persistence. Enough is common to the
various types to show that the Dipleurula larva is no phantasm, and
to suggest very strongly that it represents an ancestral Dipleurula
stage, differing but slightly if at all from the ancestral Tornaria,
and being one of the lowest of all animals with a coelom. The
hydrocoels and their indirect exterior openings have been compared,
perhaps not very judiciously, with the excretory nephridia of
higher Coelomata. The possible connection of Tornaria with the
ancestral Chordata gives additional interest to the resemblance
between stereom formation and bone formation (see p. 29), and
to the invagination of a primitively superficial nervous system in
the two groups.

Between adult Echinoderms and other groups of the Animal
Kingdom no comparisons are possible. From this stage onward
the Echinoderm follows a path of its own. By a remarkable
metamorphosis, varying in its details but presenting some common
features in the different classes, the almost bilaterally symmetric
larva is transformed into the almost radially symmetric adult.
This metamorphosis undoubtedly represents the changes that took
place in the early history of the classes; and the extraordinary
difficulties of interpretation are due to the enormous compression
of that history, the elimination in some cases of unnecessary
stages, and the unequal acceleration of others. The clue is offered
by the older fossils, which, as explained under Cystidea, forcibly
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suggest that all Echinoderma are descended from sessile ancestors
(necessarily representing a stage subsequent to the Dipleurula), and
that the oldest among these had not acquired radial symmetry, that
being, it would appear, a consequence of fixation. Fixation was
retained more or less completely by Cystidea, Blastoidea, Crinoidea,
and Edrioasteroidea ; but among the other classes it is only the
Stelleroidea that now preserve traces of it in their ontogeny.

The passage from the Dipleurula to the fixed stage is best
studied in Anfedon (Bury, 1888; and Seeliger, 1893); but even
here changes that, in phylogeny, must have succeeded fixation
now precede it, and actually precede the free-swimming stage of the
larva. Fixation takes place by a modified portion of the preoral
lobe (p.l), as also in Stelleroidea.
The phylogenetic result of this was
‘the passage of the mouth (0) to
the posterior end of the Dipleurula,
which was now directed upwards
(Fig. VII.). With the mouth went
the hydrocoel. The attachment ap-
pears to have been towards the right
side, for thus only can we account for
the fact that the structures on the
left of the Dipleurula increased at the
expense of those on the right. It
was therefore the left hydrocoel (l.kc)
and stone canal (s.c) that moved
upwards with the mouth, while those Fic. VIL
on the right disappeared. The ., Dissmmatic reconsimuction of the
nervous structures of the anterior tor. Compare carefully with Fig. I

5 . and with adjoining text.

end remained there or, possibly,

atrophied. The forward portion of the anterior coelom (a.c) shared
in the construction and elongation of this region; but its hinder
portion was dragged up along with the hydropore (J/) and formed
the ¢ parietal canal ” (par), so called because it lies along the outer
wall of the larva. The left posterior coelom (I.p.c) of the Dipleurula
was caught in between the oesophagus and the stomach, and so
passed upwards, towards what we may now call the oral pole of
the fixed stage ; while the right posterior coelom (7.p.c) was pushed
downwards by the stomach pressing to the right and thus came
to lie nearer the aboral pole. The blastopore is early closed in
the ontogeny of Antedon, but we infer from the position of the
larval rectum that in phylogeny the anus (4s) did not move
upwards so rapidly as the mouth. The effect of these changes
was a torsion of all the structures in the upper part of the
body. The gut was thrown not into a simple loop, but into a
dextral coil. The pressure of the oesophagus against the hydrocoel
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not merely pulled it up, but pressed it into a horseshoe curve,
with the opening directed to the anal side. The left posterior
coelom was curved in like manner. The further elongation of the
fixed aboral end involved lobes of the right posterior coelom
and initiated their downward extension, first on the right side. of
the anterior coelom, then gradually curving round it. This torsion
and shifting of internal organs may be compared with the simpler
case of streptoneurous Gastropoda.

Careful study of the two diagrams, representing the Dipleurula
(Fig. 1.), and the primitive Pelmatozoan or fixed stage (Fig. VIL),

AL
A t;\\\“|
\‘\\\‘\\.

Fio. VIII.

Sections of Antedon larva, semi-diagraminatic (1-4 after Seeliger, x85). (5 .
1, longitudinal section with preoral lobe turned dow(nwards, the re%erée of k')‘ig. %{;6 :hﬂeegl?tgrriygr
coelom extends into this, as well as upwards into the parietal canal. 2, transverse section in
the neighbourhood of the hydropore, showing the parietal canal leading to it; two lobes of the
hydrocoel and the lower end of the stomach are seen to be at the same level as right posterior
coelom and lower end of vestibule. 8, part of a longitudinal section in the same direction as
Fig. 1, but passing through the hydropore and the five primitive lobes of the hydrocoel not
yet connected therewith ; between the two is a small extension of left, posterior coelom ; adjoinin
sections show that the hydrocoel is still horseshoe-shaped, but will eventually close, alon th%
gap between lobes 1 and 5 to form the hydrocircus. 4, transverse section at a slightly %rnore
orad level than in 2, and in an older larva; the vestibule is here closed over: note the
mesenteries between right and left posterior coeloms. 5, transverse section of an oider larva
in which the vestibule has passed right up to the oral pole, and a rectum () has formned »
betwgen this and the stomach is seen the rudiment of the axial organ; the parietal ca ai
remnains, but the stone canal now opens into it (x125). 6, median longi’tudinal seétion élh
vestibule still open, columnals forming around extensions of right posterior and t:a i
coeloms ; left posterior coelom is seen above the stomnach as a lobe of the hydrocoel (x?210 s

Explanation of letters—auc, anterior coelom ; ax, axial organ; ce, ciliated ba d ')'
columnals ; ke, hydrocoel ; I.pc, left posterior coelom ; nn, nerves ; ;,7 h§dmpore . ;,El i cg:'l
canal ; 7, rectum ; 7.pc, right posterior coelom ; st, stomach ; st.c, stone canal ; v,’ \zr):stzigg{;e

will enable the student to appreciate the peculiar position of the
internal structures in the Anfedon larva, of which a few sections
are here given for comparison (Fig. VIIL). The structure is far
more complicated than in Fig. VI, owing to extensions from
the coelomic cavities. In the earlier sections the hydrocoel is still
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on the aboral side of the right posterior coelom ; indeed, the mouth
itself is not at the future oral pole, for the larval mouth closed
early, and the place where it was became arched over by lips
of ectoderm, which formed a “vestibule” (v). This vestibule it
is that gradually moves up; a fresh mouth ultimately breaks
through into it, and the lips again unfold at the new oral pole.
The connection of the anterior coelom, through the parietal canal
and the hydropore, with the exterior, persists (cf. Fig. VIIL 1 and
3); the hydrocoel opens into the parietal canal by the stone
canal at a later period (Fig. VIII. 5).

There is reason to believe that some of the early Cystidea
(Amphoridea, p. 43) had an internal structure scarcely more
advanced than Fig. VII. But the fixed stage had further effects.
The most notable was the prolongation of ciliated and tentacu-
liferous grooves from the mouth, accompanied by processes from
the hydrocoel. At first there were three such radial extensions:
anterior, right, and left, since the
presence of anus and hydropore, and
the absence of hydrocoel on the posterior
side prevented extensions in that direc-
tion (Fig. IX.). The five rays, so char-
acteristic of Echinoderma, were produced
by the forking of the right and left
rays. It was only at a later date, when
the hydrocoel had grown into a ring
round the oesophagus, that the five rays
could proceed equally from this ring.
The division of the rays into a pair g, entamerism of Echino-
enclosing anus and madreporite, and derma contrasted with a regular

ot pentamerism. 0, mouth ; 4s,anus;
known as the bivium, and the three between them is the madreporite.
others (anterior, right ant. and left } 23 % 22 e s o ot
ant.), known as the #rivium, is opposed yhich 1 Silap e RE i, B
to this fundamental structure. It must the tive rays of a Pelinatozoan.
further be noted that this bilateral
symmetry of the rays has nothing to do with the bilateral nature
of the Dipleurula.

While these changes were in progress the formation of stereom
continued. At first there were only spicules deposited in the
mesenchyme (see Fig. II. 1, and Fig. III.). These enlarged and
fused into plates, which eventually became so large as to abut
on one another. These plates were arranged in the mesoderm
beneath the ectoderm. An account of their arrangement and
structure will be found under Amphoridea (p. 45). Through
the fixation below and the radiation of the hydrocoel and food-
grooves above, these plates gradually came to lie in definite
positions and to assume a definite number, shape, and size. The

Fie. IX.
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ontogeny of Anfedon suggests their division into two groups
(Fig. X.): one formed around the upper, oral coelom (l.pe,
ie. the left posterior coelom of the Di-
plewrula), which gradually encireled the
oesophagus; the other around the lower,
aboral, or apical coelom (r.pc, %.e. the right
posterior coelom of the Dipleurula). The
former set were affected by radiate sym-
metry before the others, and in Anfedon
larva are represented by five large plates,
the “orals” (0). The latter set form the
plates of the aboral side of the adult
Echinoderm. In a Pelmatozoan they form
the dorsal cup (B and IB) and the ossicles
of the stem (col) when that organ is pre-
sent.

We have now traced the history of
the Echinoderma up to a form fixed

g 2. aborally, and with rays, normally five in
e o p et b 4™ number, proceeding from the mouth and
hydropore ; fp, fixing plate of ynderlying the hydrocoel ring or hydro-
stem, dorso-central ’ ; for x
other letters, seeadjoining text. cércus. 'These rays involved other of the
5 internal organs, notably portions of the
oral and aboral coelom, and accompanying them was a develop-
ment of epithelial nerves and a circumoral nerve ring. The
dividing wall between the right and left posterior coeloms, the
dorsal mesentery of the Diplewrula, now lies horizontally or
transverse to the long axis. A new vertical mesentery, both
above and below, is formed by the tissue separating the in-
curved ends of the oral and apical coeloms respectively. On
the inner walls of these coeloms, adjoining this mesentery, is a
thickening of the endothelium (az in Fig. VIIIL. 5), to form event-
ually a strand passing up to the main axis through the coil of the
gut, and known as the “axial cord.” This, in the adult, originates
the gonads, which seem at first to have been expelled through an
aperture in the body wall between mouth and anus, as seen in
Holothurians and some Cystidea. Subsequently this becomes
involved in the radiate symmetry.

The phylogenetic stage thus reconstructed on the evidence of
embryology and palaeontology corresponds on the whole to the
stage imagined by Semon (1888), and named by him Pentaciza
(five-rayed). The question arises: How far does this represent the
ancestor of all Echinoderms? There can be no doubt that this
actually was a stage in the history of the fixed Echinoderms
(Pelmatozoa) ; that it was also a stage in that of the free Echino-
derms (Eleutherozoa), is coming more and more to be the opinion
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of zoologists. The development of Asterina indicates the possible
relation between those two groups. Here MacBride (1896) has
shown that the larva is early attached by the preoral lobe, and
that it bends over on this so as to bring the mouth downwards.
The internal structures do not, however, undergo that complete
translation and torsion which occur in the Crinoid. Traces of it
are seen in the greater development of the left hydrocoel and left
posterior coelom. Fig. XI. attempts to show what would happen
in the case of a primitive Penfaciea that bent over in this way ;
while the mouth passed down, the anus and hydropore would tend
to remain on the upper surface, where they could best fulfil their
functions. In the present ontogeny of the Asteroid, the develop-
ment is direct from the Dipleurula to this stage, the intermediate
steps imagined for the phylogeny being omitted as unnecessary.

F1a. XI.

Change from Pentactea to Stelleroid type. O, mouth; 4s, anus; M, madreporite ; ».p.c
and Lp.c, right and left posterior coelom; lL.he, left hydrocoel ; s.c, stone canal ; pl, preoral
lobe ; az, axial sinus, remains of anterior coelom.

But to those phylogenetic steps are due the peculiar positions
assumed by the left hydrocoel and left posterior coelom, as well
as the radial folding which they undergo. Study of Fig. XI.
will elucidate the complicated internal arrangement of the develop-
ing Asterina. Further flexure causes the ends of the curved
hydrocoel to grow around the stalk, which thus deceptively appears
to spring from the oral surface, not from the aboral as in Crinoids.
Subsequently the stalk atrophies, and the young starfish is a free-
moving form, with mouth on the sea-floor, with anus and madre-
porite directed upwards, and with the beginnings of five arms
containing extensions of the left hydrocoel, of the oral coelom
(derived from 1. post. coelom), and of the stomach (Fig. XIL).
During development the larval mouth and anus are closed, and
break through again in their adult positions; this points to a
migration of those openings during phylogeny, which migration
cannot well be repeated in ontogeny.

A vast amount of discussion has taken place over the question
whether the plates of the Crinoid calyx find homologues in other
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Echinoderma. The orals on the one side are supposed by some
(e.9. Lovén, P. H. Carpenter, Sladen) to be represented by salne-
what similarly situated plates in Stelleroidea (* buccal sl}lelds of
Ophiuroids, “odontophores” of Asteroids), and by a circumoral
calcareous ring in Holothurians. The plates of the dorsal cup
have been homologised with plates very similar 1in shape and
arrangement that are often to be observed in Stelleroidea, notably
on the aboral side of the compact body of Ophiuroids, and with two
circlets of plates at the aboral pole of Echinoids. It has been
supposed that all Echinoderma primitively possessed a definite
calycinal system, thus composed: a central aboral plate (‘‘dorso-
central ”), five plates surrounding this (‘“basals,” “genitals” of
Echinoids), five plates following on these and alternating with
them (“radials,” “terminals” of Asteroids, “oculars” of Echinoids) ;
these together formed the “apical system,” and to them was some-
times added a circlet below, and alternating with,the basals (*“ infra-
basals ”) : five orals, alternated with the radials, and to these P.
H. Carpenter once added an *oro-central,” the correlative of the
dorso-central. The oro-central is a discredited myth. The dorso-
central is a plate at the distal end of the Crinoid stem, 4.e. in the
preoral lobe (fp in Fig. X.); there is no proof that it ever formed
part of an apical system, and it cannot be considered either homo-
genetic or homoplastic with the aboral central plate sometimes seen
in Stelleroidea. As for the basals and radials
of the Crinoid, they are, as stated above,
formed around the right posterior coelom ;
this also 1s the position of their supposed
homologues in Asterina (Fig. XII.), and
MacBride’s argument that their relations
to the stem are different, does not seem
fatal to the above theory. What is fatal
is the conclusion to which the evidence of
S fossils forces us—that the free Echinoderms,

Dorsal, i.e. aboral, view of 1L they arose from stalked forms at all,
(aitor Ludwigy, Showspreors  ndubitably did so ages before a calycinal
lobe (p.) now on oral side; system had been evolved. Even among

rudiments of five arms marked lk d £ g -
by five terminal plates(7); al-  Stalked forms it appears that regular apical

Hructin il Phomenats 90 systems arose independently in different
so-calleq dorso - contrsl; I, lines of descent. If, how'ever, 1t be im-
possible to regard the apical systems of
Echinoidea and Stelleroidea as homogenetic with that of Crinoides,
there can be no objection to the statement that similar plates a.re;
developed in a similar position with regard to the fundamental
anatomy, under the influence of somewhat similar causes,
The Asteroids were probably the last group to branch off from
the fixed Echinoderms. Hence it is that they retain many features
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of the Pentactea, together with epithelial nerves on the floor of
the arm-grooves, as in Pelmatozoa. The Ophiuroids are, las
explained under Stelleroidea, scarcely to be distinguished from
Asteroids. Whether they branched off at an earlier date or no is
uncertain ; at any rate, they have progressed farther from the
Pentactza type, in so far as the radial nerves have sunk below
the surface and are covered by ‘ epineural canals,” which probably
represent closed food-grooves (Fig. XIII. 1 and 2).

Fie. XIII.

Sections across ambulacra of—1, Asteroid; 2, Ophiuroid ; 8, Echinoid ; 4, Holothurian.
amb, ambulacral ossicle; amp, ampulla; b, radial blood-vessel; c¢m, circular muscles; d.s,
ventral scute ; ¢, radial epineural canal; Im, longitudinal muscles ; l.s, lateral scute ; m, muscles ;
n, radial nerve of superficial oral system ; n2, radial nerves of deeper oral system ; p, podiun ;
ph, pseudhaemal canal ; v.0, vertebral ossicle ; w, radial canal of the water-vascular systeni.

The development of Echinoidea has been studied by J. Miiller
(1852), Agassiz (1864), Metschnikoff (1869), Bury (1889), and
many others. The results are summarised by Théel in his admir-
able account of the development of Echinocyamus pusillus (1892).
Up to the stage corresponding to the Dipleurula no important
divergences are manifest. The peculiarities of the ensuing meta-
morphosis appear due to the extreme development of a free-
swimming Pluteus (Fig. XIV.). At an early stage there is an
invagination (am) of the ectoderm on the left side between the
bases of the ventral and dorsal posterior processes of the Plufeus.
The inner end of this sac grows towards the left hydrocoel,
while its opening nearly or quite closes (Fig. XV 1). The five
primitive lobes of the hydrocoel grow up into the floor of this
sac (Fig. XV. 2), which thus serves as a kind of amnion in which
the young sea-urchin is formed (Fig. XV. 3), until the size of the
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Fic. XIV.

Pluteusof Echinocyamus (after Théel).
About 75 times nat. size.

Explanation of letters to Figs.
XIV. and XV.—a.c, anterior coelom ;
a.d, anterior dorsal arm; am, am-
niotic invagination; a.v, anterior
ventral arm; he, hydrocoel; hp,
hydropore ; lp.c, left posterior
coelom ; 0, mouth ; oe, ossophagus ;
p, podia ; pd, posterior dorsal arm ;
p.v, posterior ventral arm; 7.p.c,
right posterior coelom ; s, spines of
Echinoid ; sp, spicules of Pluteus
sp’, the same being absorbed; st,
stomach.

o
®
i

N\
2y i

Fia. XV.

Development of Echinocyamus (after Théel). 1, porti

than in Fig. XIV. ; the ectodermic invaginati())n lu;.spgroix?rr: i?lftat‘)\fé%esuih?fg:tr inore developed
gow separating into a posterior portion and a hydrocoel. 2, portion of a Pluteioe]om' .
a§¥s old, shdowmg tpe lobes of the hiydrocoel growing into the amnion. 3. t) g vpdlvs
g ay ont:a a fvancet_i’, spines begu_x to develop and the amnion is conuécte}i \v?tlsaltlie co‘nsu!er-
a;nnionu %s gl:‘:y;'t(l)\u?ldaﬁccl)ll?n, “{)lt: spines and podia of the young urchin I)I'Otl‘\lldiul{(:3 E%tlemt?r.

. ] i
i PN g » bearing on its back the remains of the Pluteys spicu]esuaulg
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growing tube feet and spines causes it to break through the outer
wall (Fig. XV 4). While this takes place the spicular skeleton of
the Pluteus is absorbed, and the body of the Pluteus shrinks up to
a sac on the aboral side of the young Echinoid (Fig. XV 5). The
hydropore from the first opens on the dorsal surface, which becomes
the aboral side. The right posterior coelom is also under here,
as in Stelleroids. The larval stomach becomes that of the adult,
but a fresh mouth is formed in the centre of the hydrocircus,
while the anus is a fresh formation at the aboral pole.

It is easy to understand that, with this amniotic development
in the body of the larva, most of the traces of the Pentaciea
stage have disappeared. There is, however, evidence of a preoral
lobe, while the coil of the intestine and the radiate structure of
the hydrocoel, nerves, and gonads, bear witness to antecedent
phylogenetic changes. On those changes light is thrown by
palaeontology, which teaches us that the primitive Echinoid had a
spheroidal body, with muscular, flexible walls, in which irregular
plates were developed ; the mouth was at the centre of the lower
surface ; the anus on the upper surface, and near it the madre-
porite (the successor of the hydropore). Combining with the
evidence from fossils that from comparative anatomy, we infer
that the gut had a simple dextral coil ; that the oesophagus was
surrounded by three rings—water-vascular, blood-vascular, and
nervous ; and that from each ring five branches passed up the
inside of the body wall to the aboral pole ; that branches from the
radial water-vessels passed, between the plates in the body wall,
to the exterior, and became suckers assisting locomotion, the
complete structures being ambulacra; that gonads were five,
unpaired, and interradially disposed in the body cavity. Such a
form had lost the stem of the Penfoctea, and had never possessed
an apical system of plates. It had, however, already developed
food-grooves, with nerves and ambulacral vessels, while there must
have been some radiate arrangement of the gonads. The sinking of
the nerves and closure of the food-grooves forming epineural canals
(Fig. XTII. 3) probably took place as we suppose it to have done
in Ophiuroids. Among Pelmatozoa, the Edrioasteroidea (p. 205)
present a structure removed from that of the primitive Echinoid
in little but the upward position of the mouth and (probably) the
madreporite,and the functional food-grooves ; thenotable point about
the latter is the presence of openings between the flooring-plates,
apparently for the passage of processes from the radial water-vessels.

The peculiarities in the structure and development of the
Holothurians may perhaps be ascribed to their having in many
respects regressed from the Pelmatozoic towards the Diplewrula
type (Fig. XVI.). Thus the mouth has again come to lie at one
end of the body, while the anus is at the other. With the mouth

2
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has gone the genital pore; and the madreporite, tl}ough uncon-
nected with the ex-

terior in the adult of
most now living, must
have moved towards
this end also. But
there is an important
difference between this
and the Dipleurula in
the coil of the gut, and

Fro. XVL the vastly altered rela-

Diagrammatic reconstruction of the imagined primitive 43 3
Holothurian type, for comparison with Figs. I, VII,, and thI%S. of the COG.IOII.IIC
XI. 0, mouth; As, anus; M, hydropore; lLhe, left hydro- cgvities with their in-

coel ; g, genital opening. 5 .
tervening mesenteries.
The arrangement indicates that the mouth, hydrocoel, madre-
porite, and associated organs of a Pentaciea gradually moved
anteriorly away from the anus, thus coming nearer to the
stem (preoral lobe of larva) and lengthening the gut by another
half-coil. ~When the fixed existence was given up and the
food-grooves closed in, leaving the external podia from the
water-vessels, then the rays were able to extend equally in all
directions from mouth to anus. The anterior ray and the two
adjoining rays had thus come to be on that side of the elongate
body which was directed towards the sea-floor, and to this they
clung, or on it they crawled, by suckers
which developed on the podia, which
thus became ‘ tube-feet.” The left and
right posterior rays ran along the upper
surface of the body, forming the bivium
of the Holothurian, homologous with the
bivium of the Pelmatozoa, as shown by
the position of the hydropore. =
The view has been held that the ==
Synaptidae, with their simple structure :
and straight antero-posterior gut, repte-
sent the simplest and most ancestral
Echinoderms. But if the above account
be correct, this simplicity is only ap- Fio. XVIL
parent, and is the result of regressive . Pertactula stage of Synapta (after

. | Semon). T, tentacles ; M dre-
changes. Such is the view that now porite; st, s’tonecanal;’st,s’t;x';xa;crr?;

finds general favour. The Pentactula 32’@2‘&?352%%??53% ﬁy’é’i’ocli)fglasn-
stage (Fig. XVIL), in the development T aongitudinal ‘muscles; sk, cal:
of Synapta, with five interradial circum- RS BPE

oral tentacles, slightly curved gut, and aboral anus, is therefore
not the modern ontogenetic representative of the phylogenetic
Pentacteea, as Semon supposed.
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Further, if our present theory be correct, we must suppose that
the larval history of the Holothurians has been exceedingly com-
pressed ; so that, to take but one point, the development of the
straight larval gut into the coiled gut of the adult takes place, not
by migration of the mouth and associated organs, but by lengthen-
ing and twisting of the gut itself. It is noteworthy that the two
lateral radii of the trivium with their nerves and muscles and tube-
feet, as well as the oral tentacles to which they eventually give rise,
develop much more slowly than the three other radii. Those are
the three radii which are assumed in the above account to be
homologous with the original three radii of the primitive Pel-
matozoan (cf. Fig. IX.).

It therefore appears that the Holothurian stock branched off
from the Pelmatozoa before complete pentamerous symmetry of
the hydrocoel and associated organs had arisen, before any definite
calycinal system had developed, while the gonads were still a
simple strand opening to the exterior by a single posterior gono-
pore. The diminution of the skeletal elements did not favour
their preservation as fossils. Their spicules indeed are found in
the rocks from at least the Carboniferous downward, but if we
except the problematic Sphaerites, Quenstedt (1852, non Dufts), no
fossil Holothurian is known. The class was perhaps an early
offshoot from the Edrioasteroidea. This theory explains how it is
that the Holothurians are primitive in so many characters, although
the most specialised in others; they are primitive as regards
Pelmatozoic structure, specialised as regards Eleutherozoic.

Symmetries.—The radial symmetry due to the fixed phylo-
genetic stage is usually pentamerous. Hexamerous symmetry
was independently acquired by some Cystidea. Variation from
pentamerism may arise suddenly (discontinuous meristic variation
of Bateson), producing hexamerous or tetramerous individuals, or
species, or genera, according as the sport becomes fixed. There
may also be a duplication, or further multiplication of radii, as in
the ten-rayed Promachocrinus, or an intercalation during growth, as
in the many-rayed Labidiaster ; this is a different thing from the
branching of a radius, such as occurs in Crinoids, Astrophytidae,
and elsewhere. Again there may be variation by gradual atrophy
of one or more radii, as in Calceocrinidae, and some heart-urchins
and Holothurians. In spite of these variations, it is generally
possible to divide the body of an Echinoderm, by planes passing
throughthe ambulacra from the long ormain axis, into approximately
corresponding portions, “ antimeres,” normally five. These planes
mark the radii, or better perradii, since the terms ray and radius
have been used loosely. Organs bisected by them are ‘“perradial” ;
such are invariably the main ambulacral vessels, the arms of
Stelleroidea and brachia of Crinoidea, with their included organs.
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Half-way between the perradial planes are the planes marking the
interradii. Organs bisected by these are “interradial”; such are
the interambulacral areas of the test, the oral plates of erlnmdea.,,.
the gonads of Echinoidea. Between the perradii and interradii
are adradii, a term little used in practice ; thecal plates adjoin-
ing the ambulacrals are called “adambulacral.” In a regqlar
pentamerous Echinoderm an interradius is opposite to a perradius,
and an adradius opposite to an adradius.

All Echinoderms have a bilateral symmetry. Primitively the
plane of symmetry, the sagittal plane, is determined by the mouth
(anterior), the anus (posterior), and the hydropore (dorsal). But,
in the first place, this sagittal plane, when clearly shown, is not
the same as the sagittal plane of the Dipleurula. In Pelmatozoa
it certainly is not; in Holothurians it only approximates to it.
Secondly, in Echinoidea and some Cystidea, and in such Asteroidea
as have an anus, the plane passing through the vertical axis and
the madreporite (M plane) is not the same as that passing through
the vertical axis and the anus (anal plane). Thirdly, the rela-
tions of the anal plane to the ./ plane and to the radii may vary
even within a single class, e.g. Echinoidea and Cystidea. Conse-
quently the selection of any one plane as a plane of orientation
for the different classes is arbitrary. Also it is convenient. We
take then the M plane and note that the hydropore lies in an in-
terradius with a radius opposite to it (Fig. XVIIL.). That radius we
denote by 4. Then placing the animal with its mouth upwards
and going round the test in the direction of the watch-hand (i.e.
dextrally), we denote the other radii in order, B, ¢, D, E. The
hydropore lies in interradius CD. In a developing Holothurian,
or in such Holothurians as retain an external madreporite (Fig.
XVIIL 3), the anus and mouth both lie in the A/ plane, forming
the poles of the long axis, while radius 4 bisects the ventral
surface ; this therefore is the sagittal plane of bilateral symmetry,
and Cuénot, 1891, calls it the ‘“ Holothurian plane.” In a Crinoid
(Fig. XVIIL 1), anus, mouth, and aboral pole, all lie in the A
plane, which here also is the sagittal plane ; but the anus, in inter-
radius CD, never marks the aboral pole of the main axis, though
it may usurp the place of the mouth at the upper pole. Many
Cystids, and apparently the Blastoids, have a similar orientation.
Other Cystids differ in that the anus lies to left or to right of
!:he hydropore, while the relation of the radii to the M plane
is not clearly defined. In Echchy.stz.'S (p. 301), which probably
represents the relations in the primitive Echinoi
rerl}ains a8 in Pelmatpzo::z; while the mouth is at one pole of the
main axis, the anus lies in or near the J/ plane, which is therefore
the sagittal plane, but the madreporite is near to the aboral pole
In later Echinoids the case is altered (Fig. X VIII. 4); the first stef;

d, the symmetry
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appears to have been the passage of the anus to the aboral pole,
the madreporite remaining eccentric and marking interradius CD ;
whetl}er this CD is identical with CD of Echinocystis, is another
question ; then the anus moved away from the pole in the direc-
tion of radius B, so that the anal plane made an angle of 72° with
the M plane. This new plane (interradius DE, radius B) is termed
by Cuénot the “Echinid plane”; Lovén (1884) has shown that
the plates of the five interradii in Echinoidea are disposed sym-
metrically with reference to this plane. The sagittal plane of many

Fic. XVIII.

Planes of symmetry in Echinoderma (partly after Cuénot). 1, Crinoid; 2, 2roid ;
3, Holothurian; 4, Regular Echinoid; 5, Irregular Echinoid. 4s, anus; M, plane passing
through madreporite ; Ech, Echinid plane; L, Lovén's plane. For other letters, see adjoining
text.

other sea-urchins, notably the heart-urchins and their allies (Fig.
XVIIL. 5), i.e. the plane passing through mouth, anus, and apical
pole, corresponds with neither the M plane nor the Echinid plane,
but passes through radius D and interradius 4B ; Cuénot calls it
“Lovén’s plane.” The bivium (4B) and trivium (C, D, E) of a
heart-urchin are therefore in no way identical with those parts in
a Holothurian, a Crinoid, or a Stelleroid. In those starfish that
have an anus (Fig. XVIII. 2), that organ, as shown by Ludwig, is
in interradius BC'; this with the vertical axis marks the ““ Asterid
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plane” of Cuénot. It is scarcely worth while to describe yet other
divergences of the sagittal plane from the M plane, such as occur
in Cystidea and Blastoidea. All of them are due to the imposi-
tion of a tertiary bilateral symmetry, obscuring the previously
existing secondary bilateralism that had already replaced the
bilateralism of the Dipleurula.

Cavities and their Contents.—The cavities into which the
thecal cavity is divided by the ontogenetic changes above described,
are :—(1) Gut and appendages, derived from the archenteron, with
mouth and anus in part produced by invagination. (2) Coelomic
cavities: (a) the ambulacral system, derived from the left hydro-
coel; (b) the main body-cavity derived chiefly from left posterior
coelom, which in Pelmatozoa, Stelleroidea, and Echinoidea becomes
mainly adoral; (¢) the aboral body-cavity of Pelmatozoa (with
columnal extensions), of Stelleroidea,
and of Echinoidea; (d) the axial
sinus of the same three classes,
derived from the anterior coelom,
running down into the stem in Pel-
matozoa, indirectly connected with
the hydrocoel through the stone
canal, and containing “the axial
organ” (p. 23); (¢) a perioeso-
phageal sinus, sometimes subdivided,
is completely or incompletely sepa-
rated from (b), especially in Holo-
thurioidea, Echinoidea, and Ophi-
uroidea.

The coelomic cavities are lined
by pavement endothelium, usually
ciliated, and sometimes further pro-
vided with special ciliated or flagel-
lated organs which keep the con-

Fie. XIX.

Corpuscles of the coelomic fluid. 1and
2 from the Echinoid, Echinus sphaera
(after Geddes). 1, amoeboid corpuscle
with granules of brown ferruginous pig-
ment, perhaps respiratory. 2, amoeboid
white corpuscle with reticular pseudo-
podia. 8, froin the Ophiuroid, Ophiactis
virens (after Foettingexg; corpuscles of
various shapes, with red colour supposed
due to haemoglobin. 4 and 6 from the
Holothurian, Thyonella gemmata (after
Howsll). 4, white corpuscle. &, oval,
nucleate, biconvex corpuscle, coloured
red by haemoglobin. All much mnagnified.

and sometimes slightly yellowish or reddish.

tained fluid in motion (e.g. “urns”
of Synaptidae (Fig. V. 4, p. 233);
“ciliated cups” of Crinoid arms,
especially pinnules; free flagellate
cells of Echinoidea). The fluid is
similar to that found in the lacunar
“blood-vascular system ” ; it is sea-
water, perhaps taken in through the
madreporite, containing a variable
amount of albumen in solution,
especially in the lacunar system,
In it float various

bodies, viz. (@) amoebocytes (Fig. XIX. 1, 2, 4) capable of wandering
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through all the tissues, including the skeletal, and containing re-
fringent granules, proteids, fat, and a yellow pigment called ““echino-
chrome” (MacMunn, 1885) ; they seem to be specialised as bearers
of reserve food, as calcigenous cells (p. 28), as phagocytes, and
as bearers to the exterior of waste products often pigmented
(Dul:ham, 1891, St. Hilaire, 1897); (?) red corpuscles with haemo-
globin (Foettinger, 1880), non-nucleate, but vacuolate or granular
In water-vessels of Ophiuroids (Fig. XIX. 3), nucleate in various
coelomic cavities of Holothurians (Howell, 1886 ; Cuénot, 1891,
Fig. XIX. 5); the respiratory nature of these is demonstrated by
their containing haemoglobin.

Whatever may be the homologies of the hydrocoel, there is,
physiologically speaking, no nephridial or other excretory system
in Echinoderma. The function is probably performed by the
wandering cells just mentioned.

The Axial Organ has had many functions ascribed to it, as
shown by its various names: Heart (Tiedemann), Pseudo-heart,
Central Blood-plexus (Ludwig), Glandular or Chromatogen organ
(Hamann), Lymph Gland, Madreporic Gland (Koehler), Collateral
or Plastidogen organ (Perrier), Ovoid Gland (Perrier, Cuénot, and
others), Genital stolon, Plexiform Gland or Dorsal organ (P. H.
Carpenter), Kidney (P. and F. Sarasin). The Sarasins (1888)
give a good account of the literature ; later notes of value are by
Cuénot (1891) and Durham (1891). Generally it is a brownish,
finely lobed, often pear-shaped body,showing under low magnification
a complicated arrangement of tissue strands (Fig. XX. 1). It does
not occur in Holothurioidea. In the other classes it is developed
in the axial sinus by irregular growth of endothelium, which forms
canal-like strands separated from one another by spaces derived
from the axial sinus; these latter are therefore primitively
connected with the water-vessels and madreporite through the
stone canal. Strands growing out at an early age from the central
plexus become the gonads, but the connection may be lost in later
life. In association with the genital strands are also radiating
“haemal strands,” not true blood-vessels, but serving for the
transmission of nutrient cells. Such cells, as well as pigmented,
excretory amoebocytes, are found in quantity in and about the
axial organ. In Pelmatozoa the axial organ, surrounded by the
axial sinus and the lobes of the chambered organ, stretches right
down the stem (Fig. XX. 2). The position of the axial sinus with
regard to the gut suggests that nutrient fluid passes by osmosis into
the axial organ, which thus serves as a kind of distributor, but there
is no evidence of pulsatile pump-action, s.e. it is no heart. The
evidence of new cell-formation is too slight to warrant the idea
that the axial organ is a factory of amoebocytes. There is still room
for study of this peculiar body, especially through experiment,
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The Genital Organs throw light on the axial organ, since 1t
exists only in those classes in which the gonads are affected by
radiate symmetry, and not in the Holothurians. It follows. that
the axial organ was a secondary development. Ontogenet.lcaII‘y
the genital strands bud off from one end of it, where a ring is

Fic. XX.

The axial organ. 1, longitudinal section through part of the organ in the sea-urchin,
Sphaerechinus granuleris (after Leipoldt). x 350, g, pigment masses ; lac, peripheral blood
lacunae of the organ; we, wandering cells. 2, longitudinal section, showing relations of the
organ to the chambered organ in young Antedon (after Perrier). aa, cells of axial orean : J;
fibrous membrane, which partly envelopes it ; ep, epithelial coat continuous with Cllalrl’lbel"t‘(i
organ ; s, septum of chambered organ; n, nerves proceeding from tibrillar envelope of same ;
¢, cirri, one just budding out ; ac, atrophied axial canal of stem, continuous with axyial organ. i

formed, and with the extensions of these go also extensions of the
axial sinus (Fig. XXI.). The single gonad of the Holothurioidea,
connected with the dorsal mesentery, appears therefore to be the
homologue of the axial sinus and organ rather than of any one of
the interradial gonads of the other classes. The gonads, therefore,
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are of endothelial origin. There appears, however, as shown by
Hamann, to be a migration of the actual sexual cells ; and the
view of Cufénot that these are primarily amoebocytes derived
from the axial organ suggests their possible mesodermic nature.
Compare .the migration of sexual cells derived from the ectoderm
n Hydr01d§. The growth and minute structure of the ovum have
been described by Crety (1894), of the spermatozoon by Field
(1895) ;.bot.h authors refer to preceding literature. No striking
peculiarity is presented by Echinoderm gonads (cf. Fig. VI 1).
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Diagrams showing relations of pseudbaemal and water-vascular systems and axial organ in
Asterias rubens (after Chadwick). 2 is X 50. ab.h, aboral haemal ring; az, axial organ ; az.p,
axial perihaemal canal; bm, buccal membrane; g, genital strands; gh, absorbent haemat strands
leading from the gut-wall; h», circumoral haemal ring; ip, inner peribaemal canal (cf. Fig.
XXI1.); I, blood lacunae; M, madreporite; #, nerve ring; op, outer perihaemal canal; ru,
radial water-vessel ; 7%, radial haemal strands; st, stomach with folded wall; st.c, stone canal ;

wr, circunioral water-ring.
The sexes are nearly always separate, and fertilisation takes place
in the water.

The Haemal Systems of Echinoderma are of two types, which
may coexist, but of which one usually predominates. Neither is a
true vascular system, but each consists of a series of smaller lacunae
(spaces without definite walls) or larger sinuses, sometimes appear-
ing as closed, but probably always having some communication,
however minute or indirect, with the other cavities of the body.
The fluid in these spaces differs from the ordinary coelomic fluid only
in containing more albumen, and has, likewise, no definite circula-

tion. The systems are: (a) Pseudhaemal, consisting of a ring
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placed between the ring and radial nerves of the oral system
above, and the ring and canals of the water-system below. This
system is dominant, perhaps the only one, in Stelleroidea, where
it communicates with the general body-cavity and the axial sinus;
it is present in Echinoidea and Holothurioidea, in which classes it
is said to be closed; it is so much reduced in the Crinoidea that
its existence is denied by some authors. In Asteroidea (Figs. XXI,,
XXII.) the ring is divided into an outer and an inner ring by an
oblique septum, from each angle of which a vertical septum passes
down each radial canal. Formerly the system was supposed to
develop as a cleft in the mesenchyme, and therefore was called the
“schizocoelic system ” ; MacBride (1896) has shown that in Asterina
the inner ring is an outgrowth from the axial sinus, while each of
the five compartments of the outer ring and canals arises separately
as an outgrowth of the coelom, the outgrowth in the madreporic
interradius being derived from the anterior coelom, the rest from
the left posterior coelom. (b) Lacunar,
present in all classes except perhaps
Stelleroidea, and developed as lacunae
or small spaces in the connective tissue,
and therefore mesodermal (Fig. XXI.).
It is differentiated into a network in the
wall of the gut, absorbing therefrom the
nutrient fluid, which is carried by a
main trunk on each side of the gut to a
circumoral ring; from this run radial

Fio. XXII canals, below the pseudhaemal canals
systonof Atoind (v Maclam, " oon Present, and above the water-
Seen from above: M marks the M vessels, while it is connected with net-
D e o T e anonter works on the surface of both gonads and
the one arising from the anterior gyjg] organ. The lacunar system of the

coelom; ar, axial sinus, passing S . N
towards, but not opening into, the Stelleroidea differs in the absence of an

ﬁg’,g*;i}cg’;g";*;,‘f‘;‘;lﬂ‘;;’ig;tr:ﬁg’s_“g“t absorbent network, and is, says Cuénot,

a derivative of the axial organ, and
therefore endodermal, <.c. it is only the pseudhaemal system greatly
extended.

Respiration takes place through all exposed processes of the
ambulacral system, and through the body wall where thin enough,
as in some Holothurians. Specialised outgrowths or foldings of
the latter are: the *external gills” of Echinoidea, outgrowths of
the circumoesophageal sinus ; the papulae of Asteroids, containing
diverticula of the body cavity; the bursae of Ophiuroids ; the “pectini-
rhombs” of some Cystids; the “hydrospires” of Blastoids and
some Crinoids. Respiration is also effected by water entering the
alimentary canal, whether through mouth or anus; in the latter

case it is again expelled. Special structures connected herewith
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are: the “respiratory trees,” which occur in some Holothurians
as outgrowths from the cloaca ; the anal tube of Crinoids, which
in some Palaeozoic forms was large and with folded walls, forming
the so-called ““ ventral sac” ; the “ accessory intestine ” of Echinoids,
a kind _of by-pass, permitting water to flow through without
interfering with the digestive process going on in the main gut.
Lymph-glands.—The amoebocytes are formed in specialised
glandular regions of both haemal and ambulacral systems. Of
the former nature are the radial and-pharyngeal vesicles of Regular
Echinoids, first described by Prouho (1888) ; the greater part of the
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Fia. XXIII.

Echinoderm histology. 1, fundamental fibrous substance, with nuclei and an embryonic
cell, from Echinaster sepositus. 2, stellate embryonic mesenchyme cells of dsterias glacialis.
3, gelatinous connective tissue of Spatangus purpureus (x 200). 4, elastic tibres of connective
tissue from Asterias glacialis. b5, fibres from stalk of a pedicellaria of same. 6, muscle-fibre
of sanie. 7, muscle-fibre from a spine attachinent of Toxopneustes lividus (x 200). 8, muscle-
fibre from jaw pyramid of same (x 250). 9, muscle-fibres trom gut of Sphaerechinus esculentus
(X 175). 10, transverse section through a muscle-bundle of 4sthenosoma wrens,; s, sheath of
connective tissue from which proceed septa that limit the smaller divisions. 11, stroma
continued as fibrils across a suture in Spatangus purpureus, the stereom of the ossicles
dissolved away. 12, transversely striate muscle -fibres of Echinus acutus. 13, dorsal ligament
of arin of Antedon (X 125). 14, interarticular substance of Isocrinus asteria. 1, 2, 4, 5, 6 (after
Cuénot). 8,7, 8, 9 (after Hoftmann). 10 (after P. and F. Sarasin). 11, 12 (after Hamann).
13 (after W. B. Carpenter). 14 (after Joh. Miiller).

Stelleroid lacunar system, just mentioned; and the ““spongy organ”
of Crinoids in the oral ring. Connected with the ambulacral system
are the “Polian vesicles” found in most Echinoderms other than
Crinoids, and the “Tiedemann’s bodies” of Asteroidea (p. 243).
The primitive Mesenchyme cells, derived chiefly by migration
from the endoderm, partly from the ectoderm, have a large nucleus
and indistinct, often amoeboid, cytoplasm. From them are developed
connective and muscular fibres, amoebocytes and calcigenous cells,
and intercellular, gelatinous, and fibrous substances. Themuscle-fibre
(Fig. XXIIIL. 6-9) derived from a single cell is smooth and straight,
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clearly defined at the ends, with a lateral nucleus. A few striated
muscle-fibres are known in Echinoidea (Geddes and Beddard, 1881 ;
Hamann, 1887). A semi-muscular, hyaline tissue of wavy, nucleated
fibrils is peculiar to Crinoidea, and is called “ligament tissue.”
There are also muscles of endothelial origin. Connective tissue
fibrils are nucleate and vary in length and shape; there are also
rounded or stellate cells (Fig. XXIII. 4, 2). Intercellular substance,
secreted by mesenchyme cells, often attains great thickness in
the integument; it may remain a soft jelly, or become tough as
indiarubber, or may split up into interlacing fibrils; it usually
contains amoebocytes and ordinary connective tissue cells ; it forms
also interarticular substance (Fig. XXIII. 14), elastic ligament,
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Fic. XXIV.

Stereom fornation. 1, from the hinder portion of a Pluteus of Echinus miliaris. s, one of
the large supporting rods of the Plutcus; ¢, a three-pronged spicule surrounded by a group of
calcigenous cells, which derive their lime through a wmeshwork of psendopodia and cells (a),
frow the rods of the Plufeus and from their broken ends, which are seen just belowe. 2. 3,

earliest stages of a spicule of Echinocyamus, surrounded by calcigenous cells. 4, infrabasal of
an Anfedon larva forty-eight honrs old (x 230). 5, regnlar stereom from the outer part of the
cup of Holupus (x 56). 6, portion of horizontal section of Holopus cup, showing relation of

irregular (i) and regular (r) stereom (x 15). 1-3 (after Théel). 4 (after Seeliger). 5, 6 (after
P. H. Carpenter).

and the walls of internal organs. Parallel structures are found in
the cartilage of Vertebrata.

The formation of a calcareous skeleton by the mesoderm was
as pronounced in the oldest known Echinoderms as it is to-day,
indeed, more so. To the prickly skin, so commonly a result of
this, is due the name of the phylum (éyivos, a hedgehog; 8¢ppa, skin).
Amoeboid cells in the mesenchyme have the power of fusing by
pseudopodia into plasmodia or into reticular tissue (Fig. XXIV.).
Where the pseudopodia meet and fuse, the protoplasm secretes
a small calcareous spicule (intracellular, Théel ; extracellular,
Semon), which gradually increases in size along the lines of the
pseudopodia. Such spicules meet and fuse by their processes,
thus building up a hard tissue (*stereom ), with a structure that
in section appears reticular, but really is more like a beam-and-
rafter-work. As, in the growing Echinoderm, the protoplasmic
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reticulum becomes a more definite stroma, so the pattern of the
stereom acquires definiteness, and varies in the different parts of
an individual, as well as in different species. In the course of
ages the spicules of the adult have themselves come to acquire
definite shapes characteristic of species, and this is notably the
case with the complicated ‘wheels,” “anchors,” and “ tables” of
Holothurians (Figs. IL. 3, 6; V. 6, 7, pp. 222, 233) ; but, as Stewart
and Bell have shown, also applies to the spicules of the thecal
cavity in sea-urchins. The spicules of the theca usually fuse into
plates, those of the appendages (brachia, stem, etc.) into ossicles.
There is no real distinetion; but it is often the case that the
reticulum of the ossicles runs in straighter lines, while that of the
plates is a more open mesh-work; this is due to the definite
arrangement of the connecting fibres of the stroma in the append-
ages, and when this is definite in the theca the result, as we shall
see under Cystidea (p. 42), is the same. Attempts to use this
as an important character in distinguishing brachials from radials
(p- 112), or a dorso-central from columnals, have no secure
foundation. The stereom is absorbed by cells similar in outward
appearance to those which deposit it, and the calcareous salts are
transmitted by communicating pseudopodia from the absorbent to
fresh depositing cells. Thus the spicules of the Echinoid Pluteus
form. a reserve for the growing urchin ; thus, too, the anal plate
of the growing Antedon is absorbed, and its material used by the
increasing radials. Théel, to whose observations (1892-96) much
of this knowledge is due, compares the reticular tissue, the
osteoblasts, the osteoclasts, and the “ Howship’s foveolae” formed
by the latter, of Vertebrata with the similar structures in Echino-
derma. Bone in its first stages, especially that formed in connec-
tive tissue, is marvellously like Echinoderm stereom, and is like-
wise of mesodermic origin. But, whereas bone is an extracellular
formation, it is probable that the spicules of Echinoderms, like
those of Sponges, are intracellular. The otoliths of some
Holothurians and the biscuit spicules of others (see p. 224) are
distinctly intracellular formations. Bone, moreover, is phos-
phate, not carbonate, of lime, and does not retain the markedly
crystalline character always possessed by Echinoderm stereom,
even when highly complicated. Each skeletal element of an
Echinoderm acts as a crystallographic individual, polarising light
and cleaving along the planes characteri_stic pf calcite. In foss_ils
the cleavage is often emphasised by an infilling of the spaces with
secondary calcite which has axes identical with those of the orlglr_lal
crystal. According to Semon (1887), every skel‘etal f?lement begins
as a tetrahedron, usually in the form of-a 1-:r1ﬁd spine W}th branches at
an angle of 120°  The formation of similar spicules in sponges has
been studied by Minchin (1898, see Part II., Chapter on Porifera).



30 ECHINODERMA—GENERAL DESCRIPTION

The epiblast develops into an ectoderm, ciliated in whole or
part. In the adult this often becomes merged in the mesoderm
so as to be indistinguishable ; in Ophiuroids it is for the most part
calcified by the immigration of calcigenous cells ; in Asteroids and
Echinoids it remains with its cilia ; in Crinoids it remains on the
tegmen of some forms, and in the ventral grooves, where it is
ciliated ; in Holothurioidea it is very variable, being best preserved
in Synaptidae. From the epithelium is derived the superficial
“oral nervous system,” composed of the circumoral ring and
radial nerves. In Asteroidea and Crinoidea this remains on the
surface, but in the other classes it sinks below, while the grooves in
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Fia. XXV.

Eyes of Echinodermns. 1, the end of a ray in young Asteroid. ¢, terminaltentacle ; p, podia ;
e, eye-spot. 2, section across the eye-spot in Asterias, showing scven eye-cups. en, endo-
thelium of perradial water-vessel; cf, connective tissue fibres; nn, nerve below epithelium.
3, section across an eye-cup (after Cuénot). cil, cilia; cut, transparent cutis, beloew which
are the pigmented and retinal cells. 4, diagram of eye-spot of Diadema setosum, wmodified
from Sarasin. The eye-spot, with its hexagonal elements, is surrounded by the pigmented
integmnent, composed of a glandular, columnar epithelium (ep) which nerges into the cornea
(cor) above, and the eye-cups below ; each cup is coated at its base with pigment (pg), and rests
on a nervous layer (nn), below which is again pigment. Connective tissue fibrils (¢f) pass
through this in places.

which the nerves originally lay are closed over them, forming
“epineural canals ” (Fig. XIII.).

Two other nervous systems are formed in Echinoderma : (a)
the “deeper oral nervous system ” from the mesoderm, underlying
and roughly following the course of the superficial system ; said
to be absent in Crinoids, but is probably represented by their
“sub-epithelial system ” ; present in all other Echinoderms except
those Echinoids that have no masticatory apparatus; it chiefly
innervates the muscles in the oral side of the body wall ; (5) the
““apical nervous system,” most pronounced in Crinoids, and derived
from the endothelium of the axial sinus ; it is believed to occur in
all other classes except Holothurioidea ; it innervates the dorsal
musculature of the test and appendages.
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_ Sense-organs are but slightly developed. They are tactile,
visual, and auditory or orienting. Tactile organs are furnished
by the ambulacral appendages, the spines, and the pedicellariae.
The chief among the ambulacral appendages is the ¢ terminal
tentacle,” the unpaired end of the perradial water-canal, differ-
entiated only in Stelleroidea and Echinoidea (Fig. XXV. 1). In
Asteroids it is coated with columnar epithelium bearing long cilia
and innervated by the radial nerve; in Ophiuroids this nerve,
which is sub-epithelial in the arm, becomes epithelial in the
tentacle ; in Echinoidea the terminal tentacle is a sensory papilla
penetrating the pore in the “radial” or *ocular” plate of the
apical system. The remaining ambulacral appendages, the podia,
whether sucking feet, as in Echinoidea, Holothurians, and Asteroids,
or tentacles, as in Ophiuroids and Crinoids, are highly sensitive, and
sometimes have special developments. Thus, on the adoral side
of the oral tentacles of Synaptidae are two rows of papillae, of
which the tip is concave and ciliated ; these are called “sensory
buds,” and supposed to be organs of smell or taste. Again, the
podia of Crinoids have small papillose projections, each papilla
armed with three stiff but fine hairs. Similar papillae, sometimes
more developed, occur in some Ophiuroids and Echinoids. Spines
occur chiefly in Echinoids, less pro-
nounced in Stelleroids, and rarely in
Crinoids and Blastoids. Not all spines
are sensory. The smaller spines of Cidar-
oida, surrounding the larger spines and
the main openings of the theca, are
covered with ciliated epithelium, and
bear tactile hairs at the tip; the minute
spines (clavulae) on the fascioles of Spat-
angidae (see p. 319) likewise have a
ciliated integument, probably with sen-
sory cells. The club-shaped spines of
some Ophiuroids are covered with a
glandular and sensory epithelium. Pedi-

Fia. XXVI.

cellariae occur in all Echinoids, some
Asteroids, and a few Ophiuroids; they are
small, forceps-like appendages derived
from spines (see p. 287). Allare covered
with a glandular, sensory epithelium,
which in the “glandular pedicellariae ”
of some Echinoids develops special tactile
prominences.  Visual organs are known
only in all Asteroids, a few Echinoids, and

A single cup of Fig. XXV, 4,
reconstructed from the evidence
of Sarasin. Outside is a ciliated
cuticle, covering the transparent
cellular cornea ; below is a refrac-
tive body (ref), possibly a vacuo-
late and multinucleate cell ; the
nuclei (ns) lie in strands of proto-
plasm ; outside the base of the
cup is a layer of anastomosing
pigment cells, which pass up from
the pigment layer below through
the ganglionated (gg) nervous
layer.

Synapta, but other (probably all) Echinoderms are sensitive to light,
owing, perhaps, to the action of the pigment-bearing amoebocytes.
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In Asteroids (Fig. XXV 1) an eye-spot (¢) lies at the base of each
terminal tentacle (f) on its aboral side. This spot is a red cushion
in which are many conical cups, each representing an eye (Fig.
XXYV. 2). The wall of each cup is formed of pigment cells and
interspersed unpigmented retinal cells (Fig. XXV 3). The
Echinoid Diadema setosum has a black integument with numerous
spots which, owing to iuterference of light, appear blue. Each
blue spot, as proved by P. and F. Sarasin (1887), is a com-
pound eye (Fig. XXV 4). The structure of a single element is
shown in Fig. XXVI. Supposed auditory organs (“Baur’s
vesicles” or otocysts) have been described only in some Holo-
thurians, e.g. Synapta (see Fig. XVII. oc; also p. 234 and Fig. V. 5
on p. 233). The sphaeridia of Echinoids (see p. 288) are sup-
posed to be organs of orientation, or of taste and smell (Lovén),
or for appreciating chemical changes in the water (Ayers, 1885).
They occur only on the oral side of the theca, and when the
animal is in the natural position they hang down like the clapper
of a bell ; but when the animal is tilted, each sphaeridium presses
against the nerve cushion surrounding its stalk.

Distinctive Characters of Phylum and Classes.—The foregoing
account has introduced the fundamental features of Echinoderm
morphology, laying stress on characters common to the whole
Phylum rather than on those that distinguish the various classes.
It has, however, tended to show the inner meaning of those out-
ward distinctions between the chief types with which the chapter
opened, and the student may perhaps have realised that “the
homologies within the Echinoderm stock ” are, as Semon has in-
sisted, often more apparent than real. In drawing up a definition
of the Phylum that shall include the most primitive forms of fixed
Echinoderms known, one cannot utilise most of the characters
usually thus employed in systematic treatises, since they are
secondary, homoplastic acquisitions, often with no true homology.
It is, for instance, not sure that all Echinoderms have a radiate
symmetry, even an obscured one. It is true that all recent
Echinoderms have a lacunar, haemal system ; but that system in
Stelleroidea is not homolpgous with the one in Crinoidea. It is
highly probable that all animals to which the name “ Echinoderm ”
could have been applicable since the beginning have had a portion
or portions of the anterior coelom specialised as a hydrocoel ; but
this is different from the questionable assertion that all Echino-
derms have an ambulacral system.

On the other hand, in any attempt to limit the several classes,
respect should be paid to deep-seated structures illustrative of past
history and genetic affinity rather than to the obvious but super-
ficial differentiations that characterise the representatives now
living. We have to make our classificatory partitions run back
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as far as possible. Since the factor determining the lines of
evolut1or} appears to have been position with regard to the sea-
ﬂ00}', this must no longer be contemned as “ mere difference of
habit.” The first Echinoderms were not necessarily fixed, but
fixation probably affected all representatives of the Phylum at an
early period and produced gradual changes, the first being the migra-
tion of the mouth and left hydrocoel to the upper pole. Those
forms in which the oral pole remained uppermost, whether actual
fixation by the aboral pole persisted or no, are to be distinguished
from those in which the oral pole again shifted, accompanied by loss
of fixation. Leuckart’s term Pelmatozoa (1848), though primarily
connoting the actual or potential possession of a stalk, has come
into general use for the former group. The term Statozoa, pro-
posed by Bell (1891), implies absence of locomotion, and is
therefore not so great an improvement as to compel its adoption.
The term Crinoidea was extended by Roemer (1851) to include
all Pelmatozoa, but such extension does violence to the intentions
of J. 8. Miller, the coiner of the name (1821). The forms with
oral pole uppermost may, it is true, be divided into classes ; but,
as maintained by Huxley and Ray Lankester, their genetic con-
nection is so evident that it should be recognised by the establish-
ment of a Sub-phylum, to which we shall continue to apply the
name Pelmatozoa. The included classes, as hereafter explained,
are the Cystidea, Blastoidea, Crinoidea, and Edrioasteroidea. The
remaining classes of Echinoderma have been placed together by
P. H. Carpenter and others as Echinozoa, but may more con-
veniently be spoken of as Eleutherozoa (a term originally used by
Bell in a sense excluding Holothurians). Their genetic connec-
tion, however, is only that due to descent from the Pelmatozoa ;
even if all Eleutherozoa descended from one class of Pelmatozoa,
they did so at widely differing periods. The Holothurians must
have cast loose before the genital organs had been affected by radial
symmetry, and are thus, as well as by the horizontal position of
the oro-anal axis and the retention of the M plane as sagittal,
sharply distinguished from Echinoidea and Stelleroidea. The two
classes last mentioned were with some reason opposed by
Leuckart to Pelmatozoa and Holothurioidea (or Scytodermata,
as he called the latter) as Actinozoa ; but they differ in important
features. If Cuénot’s interpretation of the lacunar systems be
correct, it seems as though the Echinoidea branched off before
radial symmetry had greatly affected the coelomic lacunar system
derived from the axial sinus; similarly the digestive system
retained its coiled and non-radiate arrangement; moreover, the
sinking of the ambulacral water-vessels and nerves below the test
here diverged further from the Pelmatozoic type than is the case
in Asteroidea. The extension of the ambulacra nearly to the

3
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aboral pole in Echinoidea and the development of a special
terminal plate at the end of each ray in Stelleroidea afford
features of much diagnostic value, but of less morphological im-
portance. English writers have usually regarded the Asteroidea
and Ophiuroidea as well-defined classes. The normal forms are
in fact markedly separate, but the evidence of ontogeny, as well
as the existence of connecting links now, and the approxima-
tion of the two groups in Palaeozoic time, renders this view
difficult of acceptance, so that they are here combined in a class
Stelleroidea.

Diagnosis of Echinoderma.—Metazoa, coelomata, triptoblastica,
living in salt or brackish water, with a primitive bilateral sym-
metry still manifest in the right and left divisions of the anterior
and posterior coelom ; with a hydrocoel primitively developed from
each half of the anterior coelom, and connected with the exterior
by a water-pore ; with stereom composed of crystalline carbonate
of lime deposited by special amoebocytes in the meshes of a
mesodermal reticulum or stroma, chiefly in the integument (absent
only in the highly modified Pelagothuria, p. 230, and, according to
Koehler, in the Holothurians Stichopus pallens and S. torvus) ; with
gonads derived from the endothelium, apparently of the anterioi
coelom ; total segmentation of the ovum produces a coeloblastula
and gastrula by invagination ; mesenchyme is formed in the seg-
mentation cavity by migration of cells, chiefly from the hypoblast.

Known Echinoderma show the following features (imagined to
be due to an ancestral Pelmatozoic stage) :—Increase in the
coelomic cavities of the left side and atrophy of those on the right ;
the dextral coil of the gut, recognisable in all classes, though
often greatly obscured; an incomplete secondary bilateralism
about the plane including the main axis and the water-pore or its
successor, the madreporite, often obscured by one or other of
various tertiary bilateralisms; the development of the hydrocoel
into a circumoral, arcuate or ring canal, che hydrocircus; except
in the small (but increasing) number of known cases in which care
of the brood has secondarily arisen, development is through a
free-swimming, bilaterally symmetrical, ciliated larva, of which
in many cases only a portion is transformed into the adult
Echinoderm.

All living, and most extinet, Echinoderms show the following
features (almost certainly due to an ancestral Pelmatozoic stage) :
—An incomplete radial symmetry, of which five is usually the
dominant number, is superimposed on the secondary bilateralism,
owing to the outgrowth from the peristome of one unpaired and two
paired ciliated grooves ; these have a floor of nervous epithelium,
and are accompanied by subjacent radial canals from the hydro-
circus, giving off lateral podia and thus forming ambulacra, and by
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a pseudhaemal system of canals apparently growing out from
coelomic cavities.

. All li\tin.g Echinoderms have a lacunar, haemal system of
d1v9r§e origin.  This, the ambulacral system, and the coelomic
cavities contain a fluid holding albumen in solution and carrying
numerous amoebocytes, which are developed in special lymph-
glands and are capable of wandering through all tissues.

The Echinoderma may be divided into seven Classes, the
mutual relations of which are roughly represented in the annexed
table.

CYSTIDEA———EDRIOASTEROIDEA

PELMATO0Z0A< BLASTOIDEA
1 — HOLOTHURIOIDEA

CRINOIDEA

S T — (ELEUTHEROZOA)

— STELLEROIDEA
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CHAPTER IX.

THE PELMATOZOA—CYSTIDEA.!

GRADE A. PELMATOZOA, LEUCKART (1848)
(= CRINOIDEA, sensu lato Auctt.).

Crass 1. CysTIDEA.
,, II. DBLASTOIDEA.
,, IHI. CRINOIDEA.
,» 1V. EDRIOASTEROIDEA.

EcHINODERMA with the viscera enclosed in a calcified and plated
theca, of which the oral surface is uppermost, and which is usually
attached, either temporarily or permanently, by the aboral surface.
Food brought to the mouth by a subvective system of ciliated
grooves, radiating from the mouth either between the plates of the
theca (endothecal), or over the theca (epithecal), or along processes
from the theca (exothecal: arms, pinnules, etc.), or, in part, and
as a secondary development, below the theca (hypothecal). Anus
usually in the upper or oral half of the theca, and never aboral.
An aborally placed motor nerve-centre gives off branches to the
stroma connecting the various plates of the theca and of its
brachial, anal, and columnar extensions, and thus co-ordinates the
movements of the whole skeleton. The circumoesophageal water-
ring communicates indirectly with the exterior; the podia, when
present, are respiratory, not locomotor, in function.

The origin and meaning of many of these characters have
already been discussed in the general section. The origin of
others will be traced in following the history of the Grade; and
many of them will be more fully discussed under Crinoidea, in
which class alone are they adequately known.

The classes of Pelmatozoa here adopted are of very unequal

1 By F. A. Bather, M.A. Since the majority of Pelmatozos, being of extinct
types, present peculiar difficulties, the student unfamiliar with Echinoderm structure
is recommended to begin either with the description of a simple Crinoid {Chapter XI.)
or that of a Starfish (Chapter XIV.). )
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value ; and to place them either in a line or side by side does not
represent their phylogenetic relations. Such, probably, would be
better shown by placing a primitive class, Amphoridea, at the
base. and deducing from it several lines of descent, viz. Edrioas-
teroidea, Anomalocystida, Aporita, Rhombifera, and Diploporita.
From the Edrioasteroid line, we may suppose, there sprang first
Holothurians, then Stelleroidea, then Echinoidea, while the line
itself still survived in more specialised forms to the close of the
Carboniferous period. The Diploporite line ought properly to
include the Blastoidea ; and from it probably there arose, as a fresh
development with a new lease of life, the important class,
Crinoidea. The other lines were unsuccessful and none survived
the Silurian. But to make the classification coincide absolutely
with this history, which after all is not yet proven, would be to
reject names and classes that have held the field for more than
half a century in favour of new and unaccepted terms. Old
names, therefore, have been retained so far as possible. The
diversity of existing opinion, however, may serve as excuse for a
few novelties. Such are the use of Haeckel’s Amphoridea, in an
emended sense ; the resuscitation of Edrioasteroidea ; the emenda-
tion of the Rhombifera, Aporita, and Diploporita, and of the
included families, which, when not new, are rarely used in the
sense of the original proposer; the extension of the Blastoidea,
and their division into Proto- and Eu-blastoidea ; a considerable
revision of the accepted classification of Eublastoidea; and a
recasting of the classification of Crinoidea.

CLASS 1. CYSTIDEA, Von BucH (1844).

Order 1. Amphoridea.
2. Rhombifera.
,, 3. Aporita.

,, 4. Diploporita.

»

Pelmatozoa in which radial polymeric symmetry of the theca
is developed either not at all or not in complete correlation with
the radial symmetry of the ambulacra (such as obtains in Blastoidea
and Crinoidea); in which extensions of the food-grooves are
exothecal or epithecal or both combinpd, but neither endothecal
nor pierced by podia (as in Edrioasteroidea).

The earlier and more primitive Cystidea represent the pelma-
tozoic stage through which the Echinoderm race passed, on its
way from the Dipleurula to the various classes. They sh-ed light
not only on the origin of those classes, but on the stll.l ‘more
ancient ancestor of the Phylum. The remarkable adaptability of
the Echinoderm type, thc mode of origin of many ergans, and the
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biological phenomena of homoplasy and convergence, can also be
studied in this class.

The Cystidea were first separated from other Echinoderms,
under that name, by L. v. Buch in 1844 and 1845. His definition
laid stress on the fixed condition, the irregularity of the thecal
plates, and the absence of arms like those of Crinoidea. Sub-
sequent discoveries of stemless cystids, of cystids with radial
symmetry in the theca, and of arm-like structures in most cystids,
have made the letter of this definition untenable; but its spirit
holds good. The difficulty that this class has presented to
systematists is chiefly due to these factors: (1) The rarity and ill-
preservation of these old Palacozoic fossils; (2) the ancestral
nature of the group and the consequent existence of links between
it and other groups; (3) the wrongful ascription to the Cystidea
of various genera (e.g. Porocrinus, Stephanocrinus, Hypocrinus,
Echinocystis) ; (4) the extraordinary diversity of structure in the
class, a feature common to most groups at their origin, and pro-
ductive in this case of many lines of development, only a few of
which have become so severed from the rest as to be regarded as
independent classes (e.g. Blastoidea and Crinoidea, distinguished
by all ; Edrioasteroidea, distinguished by a few ; Anomalocystidae,
not distinguished, but quite as separate); (5) the rapid develop-
ment of the class, from the exceedingly simple Aristocystis to such
highly specialised forms as Lepadocrinus, Caryocrinus, and Mesocystis.
Hence the diagnosis cannot be elaborate, and must be mainly
negative.

Most of the classifications hitherto proposed have been based
upon one set of characters; thus Zittel's (1879) adaptation from
Johannes Miiller (1854) is according to the structure of the thecal
plates (Aporitidae, Diploporitidae, Rhombiferi); Barrande’s
division (1887), not intended as taxonomic, is according to the
number of openings in the theca. A far better arrangement is
that initiated by Pictet (1857), extended by Bronn (1859), and
modified by Dujardin and Hupé (1862); this, however, is rather
a key to genera than a classification into orders and families.
Attempts have also been made (e.g. Forbes, 184R : and.Neumayr,
1889) to determine the lines leading from the Cystidea to other
classes; and on such principles Steinmann (1888) founded his
classification into Eucystoidea, Cystechinoidea, Cystasteroidea, and
Cystocrinoidea. A classification on true phylogenetic principles
was first published by Haeckel (1896), who only failed from want
of acquaintance with the facts of Cystid structure. The classifi-
cation in this text-book attempts to express the ‘actual lines of
descent as inferred from an independent study of the fossils.

_ The main lines of descent are these. The starting-point is a
simple, many-plated, sac-like form (e.g. Aristocystss, Fig. IL p. 44),
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In which neither ciliated food-grooves, though perhaps present,
nor ra.dlal ambulacral vessels, have left any trace on the skeleton,
n }Vhlch the porous structure of the stereom is indefinite, and in
which no stem is differentiated. Modifications of this soon
appear.ed in many directions. In one direction arose an antero-
posterior flattening of the theca and the extension of food-grooves
z.tlo.ng two lateral articulated spines, with a peculiar and character-
Istic arrangement of stereom ; this was accompanied by develop-
ment of a stem (Anomalocystidae, pp. 49, 52, Figs. XL-XIIL.). In
another direction was an extension of the theca downwards to
form a stem, and upwards from the mouth to form a single jointed
process for the support of a ciliated groove (Dendrocystidae,
p. 47, Fig. IX.). Neither Anomalocystidae nor Dendrocystidae
proceeded very far, and they may conveniently be grouped with
Aristacystidae and a few other primitive forms into an order,
AMPHORIDEA, distinguished from the rést chiefly by absence of
radial symmetry in food-grooves and ambulacra.

A very different modification was that which produced a theca
flattened horizontally, with five ciliated grooves passing from the
mouth between its plates (‘“ endothecal”’), and protected by distinct
covering-plates ; ambulacral vessels lay beneath or within the
grooves, and podia from them passed between the adjacent thecal
plates. So different is this type from those of other Echinoderma,
that such forms have here been separated as a class, EDRIO-
ASTEROIDEA (Chapter XII.).

Returning to the primitive Amphoridea, we find a difficulty in
distinguishing some of them from their immediate descendants,
owing to the very slight traces left on the theca by the originating
extensions of the food-grooves. Those forms in which such traces
are perceptible may almost from the outset be grouped under two
heads. One group includes those in which the grooves wander
outwards from the mouth over the thecal plates, which gradually
become arranged regularly on either side of the grooves, while still
further extensions ascend from the “epithecal” grooves on small
“ exothecal ” processes called “brachioles.” In the other group
the grooves do not tend so much to stretch over the theca as to be
raised away from it on relatively larger brachioles, arising in
the immediate neighbourhood of the mouth.

At the same time, a difference manifests itself in the structure
of the thecal plates. From the indefinite relations of stereom and
stroma noticed in earlier Amphoridea arise two types of structure
Fig. 1.). The canals traversing the stereom, more or less. per-
pendicularly to the thecal surface, either cease to be ilmp.le
( haplopores ”) and become connected in pairs (*‘ diplopores ) still
perpendicular to the surface ; or they come to lie parallel to the sur-
face and at right angles to the sutures. In the latter case we may
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suppose that the canals represent stroma strands continuous
across the sutures; those crossing any one suture come to occupy
a rhombic area bisected by the suture-line, and, since, in weathered
plates, there appear to be pores at the ends of these canals, the
areas have been called “ pore-rthombs” (Poren-rauten, see Fig. XV,
Echinosphaera, and X V1., Orocystis). There also takes place a gradual

Fio. L.

Structure of the test in Aristocystidae. 1, plate of Aristocystisbohemicus showing haplopores
some of which are connected by a horse-shoe canal, x4 ; 2, portion of same further enlarged ; 8’
portions of surface of other specimens, gradually leading up to such a structure as in 4, a pl&té
of Caliz Sedgwicki, with diplopores; 5, a diplopore of rather different form ; 6, section of a
diplopore ; the hypostereom is shown, but the epistereomn, if there were any, is removed ; 7, a
natural replacemnent (by infiltration of mineral matter) of the original stroma-strands and
sutux_re:q in plate:s of Caliz (?), the stereom dissolved away ; 8, plates of Aristocystis in similar
condition showing vertical strands {=haplopores) in the iddle, aud radiating strands at the
sutures. All figures enlarged. (1, 2, 8, and 8 after Barrande ; 4 and 7 after Rouanlt.)

increase in the area, and a decrease in the number, of the thecal
plates relative to the size of the theca; perhaps the folds that
often radiate from the umbo of each plate are connected with this,
for they must have strengthened the plates, like the folds in cor-
rugated iron or pasteboard. These folds may coexist with diplo-
pores or with pore-rhombs ; but they are clearly more adapted to
the latter structure, and often seem to merge with it and accentuate
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it. Thus is evolved a highly specialised type of stereom-folding
known as a “pectini-rhomb.” Now, although it is difficult to
separate all the forms at the first parting of the ways, it is soon
seen that diplopores are almost confined to the genera with
epithecal extensions of the subvective system, while those with only
exothecal extensions are characterised by pore-rhombs or pectini-
rhombs. There is therefore justification for the old divisions
D1PLOPORITA and RHOMBIFERA, as orders, in a restricted sense.

The Diploporita (p. 70) show a gradually increasing regularity
of structure in the food-grooves, and in their relations to the
theca, leading almost imperceptibly to the Blastoidea. So much
is this the case that it seems well to separate from the Cystidea
certain forms in which “the radial polymeric symmetry” is “in
complete correlation with the radial symmetry of the ambulacra ”
(see definition, p. 39), and to refer them to the Blastoids as an
order Protoblastoidea (p. 79). The only alternative is to make
the Blastoids an order of the Cystidea.

In many of the Rhombifera (p. 52) a peculiar modification of
the food-grooves takes place, in that they are continued over the
theca, not directly on the thecal plates themselves, but by a
proliferation of plates from the mouth region. The grooves thus
formed have been termed ‘‘ recumbent arms ” or ‘ pseudambulacra,”
and are fringed with brachioles. This type of ambulacral structure
was independently developed in this order more than once; but it
is most common in the group of genera characterised by pectini-
rhombs and by pentamerism in the .theca (family Glyptocystidae,
p. 58). A group with porerhombs highly developed inside the
theca, and with hexamerous symmetry, is distinguished as the
family Caryocrinidae (p. 65). In it the food-grooves tend to be
enclosed by thecal plates (‘““hypothecal ”).

The orders already mentioned do not include all genera that
come under the terms of our definition of Cystidea. From early
forms of Rhombiferi, or perhaps even directly from Amphoridea,
there arose a small group in which neither diplopores nor pore-
rhombs were developed, at all events to the same extent, but the
number of thecal plates was greatly lessened and exothecal
brachioles were developed. The best known of these is Cryplocrinus
(p. 69). One might adopt APORITA (sens. str.) as an ordinal name.

OrDER 1. Amphoridea, Haeckel (1896, pars).

Primitive Cystidea in which radial symmetry has affected
neither food-grooves, nor thecal plates, nor, probably, nerves,
ambulacral vessels, nor gonads.

Haeckel included under this name rather more forms than are
here referred to it, and separated them from the Cystidea as a
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primitive class of Echinoderma, comparable to the Pentactula
stage passed through in the development of all their descendants.
The more characteristic and undoubted Amphoridea, however,
represent only a stage in the development of the Echinoderm type
and not a divergence; they are too intimately connected with
more specialised Cystidea to warrant separation as a class. It
should also be remembered that, though such a stage as this
probably was actually passed through, still forms are liable to be
referred here, owing to our ignorance of their true structure.

Famicy 1. ARISTOCYSTIDAE. Amphoridea without extension of food-
grooveg, epithecally, ecndothecally, or on exothecal skeletal processes:
Theca composed of nuinerous plates without regular arrangement or
specialised structure. No stem. Genera—Aristocystis, Barrande (1887),
Ordovician, Bohemia (Fig. IL.), is in many respects the simplest Echino-
derm known. The ovoid
theca is composed of 150-
200 plates, of no definite
shape or arrangement, but
with a tendency in the nar-
rower, aboral half of the
theca to form transverse rows
of elongate hexagons. The
animal usually fixed itself to
some solid body by a portion
of the theca at or near the
lower pole (B). At the upper
pole is the mouth (0), a

* wide slit in the transversal
Fro. 1L plane, with slightly raised

Aristocystis bohemicus. 1, side view; 2, oral view, edges' About a third of the

both $ nat. size; 3, base, showing impression of Gastro- wav down the theca is the
pod shell, x §. The Iett’ering is explained in the adjoin- 2 Hie '

ing text. (All adapted from Barrande.) round anal Opening (As), 6-8

mm. in diameter, closed by
six or seven triangular plates, meeting in the centre, and known as
“the valvular pyramid” Between mouth and anus, and usually a
little to the left, are two smaller openings—a transverse slit (M)
close to the mouth; and a round pore (G) close to the anus. Of these M
is regarded by P. H. Carpenter (1891) as the hydropore, and G as the
gonopore, a view accepted by Haeckel (1896) and adopted here. There is
no trace of calcified arms or brachioles, whether jointed or solid, nor even
of epithecal or hypothecal extensions from the hydrocoel ring or from the
mouth.  The hydrophores palmées described by Barrande, and supposed by
Neumayr (1889) and P. H. Carpenter (1891) to be subtegminal ambulacra,
are really epithecal food-grooves, and have not Been proved to belong to
this genus. The plates of the theca are thick, especially at its lower end}
they are said by Barrande to be composed of three layers (Fig. IIL.):
(¢) outer, thin, smooth, and solid ; (m) middle, thick, pierced by irregular
canals, more or less at right angles to the outer surface ; (h) inner, thin,
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passing up into the suture lines and into the ends of the canals, smooth
on 1ts inner surface. Doubt has been cast on the existence of these three
!ayer.s, but examination of well-preserved specimens suggests the follow-
mg .lnterpretat.ion :—(m) is homologous with the “mesostereom ” of all
Echinoderms, its plates were deposited in a stroma of connective tissue,
and presented not only large meshes, but continuous larger canals for
the passage of strands of stroma, and perhaps of lacunar blood-vessels :
the stroma was thus continuous throughout each plate, and strands often
passed over the outer surface, uniting the larger strands and sometimes
producing the grooves bent in horse-shoe, as at 2 in Fig. I.; (¢) is not

Fic. IIL

Section of test in .4iristocystis, in the region
of a suture (s). Shows epistereom (e), meso-
stereom (m), and hypostereom (h). m is pierced
by haplopores which are joined above at 2, 2.
(Original diagram, mnagnitied abont 10 diam.)

Fi1c. 1IV. Fra. V.
Cualix Sedqwicl:i, from a recon- A transverse section of a plate of Culix Murchisoni,
struction by Rouault; about the stroma-strands replaced by infilling matrix, the
nat. size. stereomn dissolved away. < 6 diam. (After Rouault.)

a truly calcified cpistereom, but probably represents a hard epidermis ;
there is little doubt that some structure did actually cover the outer ends
of the canals; (h) represents the inner layer of the integument, which
towards the margins of each plate was often differentiated into elastic or
muscular strands, uniting adjacent plates and giving flexibility to the
theca ; if calcified, this layer would be homologous with the ‘‘hypo-
stereom ” of many Crinoids, but, as in the case of (¢), there is only
preserved to us the space which it occupied, filled with subsequent
infiltration or with iron oxide precipitated during the decomposition of
the organic matter. The primitive features of Aristocystis are then:
indefinite shape of theca, indefinite arrangement of plates, undifferentiated
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structure of stereom, absence of stem and of definite base of attachment,
absence of arms, absence of ambulacra, a single and independent gonopore
as in Holothurians. Caliz, Ronault (1851-78 ; syn. Craterina, Barr. pars,
1887), Ordovician, France and Bohemia (Fig. IV.). The theca is a bowl
or vase of very thick plates, with an oral covering of very thin ones
rarely preserved. There is usually a marked hollow at the lower end,

1
Fig. VI,

1, Caliz bohemica, from the side ; towards the base the pores are covered by a smooth epi-
dermis. 2, C. excavate, the teginen. Both nat. size. (After Barrande.)

but C. Sedgwicki, Rouault’s type-species, has a short, stem-like promi-
nence (St). The canals in the plates tend to definiteness of arrangement,
especially at the lower end, where they seemn to radiate from the hollow.
The connection of the canals at their outer ends, to form pairs, is often
marked (Fig. V.). All these characters are exaggerations of some already
noted in Aristocystts. The tenuity of the upper surface, and its conse-
quent disappearance in most speciinens, have
permitted the recognition of only one aperture,
which is pentagonal, and probably represents the
anal pyramid (Fig. VI. 2). Specimens with hydro-
phores palmées have been referred to this genus,
but belong to (p. 73) Diploporita. Pilocystss,
Lapillocystis, and Acanthocystis, Cambrian, and
Baculocystis, Ordovician, Bohemia, all described
by Barrande, are probably referable to this order
if not to this family. Lodanella, Kayser (1885),
Lowest Devonian, Germany, though called a
sponge, is very like Calixz. Deutocystis, Barr.
(1887), Ordovician, Bohemia (Fig. VIL), is dis-
tinguished from Aristocystis by the greater irregu-
larity in size of the thecal plates (comparable to
Fie. VIL the arrangement of plates in the carapace of some
Deutocystis modestus, restored €Xtinict edentates, Glyptodontidae), and by the
on the evidence of Barrande, absence of an independent gonopore, this having
pl 15, II. 8. Lettering as in fimel & - .
Fig. I1. Jused either with the anus or with the hydropore.
There are signs of fixation by the aboral end of
the theca (B), where the plates are larger and tend to lie in rows. The
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mouth (0) is surrounded by five large plates, forming a slight projection,
somewhat eccentric. The anal pyramid (4s) has five plates. The hydro-
pore (M), a little to the right of the line joining mouth and anus, was
covered_ by a small pyramid of three plates, the impressions of which
on tl?e Internal cast (the only part preserved) have been regarded as three
openings. The canals in the thecal plates are more numerous near their
margins.  Certain species, in which the plates seem more rounded, not
closely apposed, and perhaps without canals, in which the anal pyramid
had four plates, and in which the hydropore was not tripartite (i.e. had no
valvular plates), have been separated by Haeckel (1896) as a genus, Amphora-
cystis.  Pirocystss, Barrande (1887), Ordovician,
Bohemia (Fig. VIIL.), had a pear-shaped theca trun-
cate below for fixation (St), but still without true
stem. The anal pyramid had six plates (4s); other-
wise it was much like Deutocystis. The regularity
of the adoral plates in these two genera suggests
that they may eventually prove to be early forms of
Diploporita or Rhombifera.

The Lower Niagara rocks (Silurian) of Indiana
and neighbouring states have yielded nwunerous forms
resembling Aristocystzs in external appearance and
structure of theca, but with an ambulacral system
apparently presenting three grades of organisation. Fic. VIIIL
They have all been described under the generic toPiaocystg_ pirum, hive
name Holocystites or Holocystis, a name previously o dence uoén%aﬁznd:
given to a coral, and therefore bound to yield to the Pl 2. Lettering as in
alternative Megacystis, Hall (1864-65). Some of the =~
so-called species described by Hall and S. A. Miller seem to agree with
Amristocystis in the entire absence of arms and food-grooves, in the similar
position and structure of mouth (“ambulacral orifice,” S. A. M.), and anus
(“ mouth,” S. A. M.), while a hydropore (“anus,” S. A. M.) is often ob-
servable, and occasionally a fourth opening (? gonopore); the positions
of the two latter are at varying distances between mouth and anus.
Miller has described other species with similar structure, but with four
or five of the plates surrounding the mouth raised into elliptical facets,
apparently for the support of spines like those of Placocystis (p. 51);
no groove connects these facets with the mouth, although in some specics
the mouth assumes a tetragonal or pentagonal outline, with angles
directed towards these facets. The third and higher stage of organisa-
tion, possibly developed from this one, is seen in Holocystites gyrinus,
Miller and Gurley (1894), and must be referred to the Sphaeronidae
(see p. 72). . . 5

FaMmiLy 2. DENDROCYSTIDAE. Amphoridea with a single oral skeletal
process, theca composed of numerous irregular platgs, extending below
gradually into a stem. The single genus, Dendrocystis, Bar_ra.nde (1887),
Ordovician, Bohemia and Russia (Fig. IX.), has a theca,- n shaPe and
intimate structure not far removed from that of Arlstocystld?e ; of equal
thinness all over, its plates irregularly polygonal, and their strands of
a not so well-defined. The following differences are of great

mesostrom
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importance :—The theca suddenly thins below to about one-third its
width, forming a tubular extension (Sf), the walls of which contain

Fic. IX.

Dendrocystis Sedgrwricki, re-
stored on the: evidence of
Barrande. Br,the arm-like ap-
pendage, copied from Barrande.

numerous small plates, which gradually become
larger and more definite in arrangement, and
merge into a tube with a narrow lumen en-
closed by comparatively large solid plates. Com-
parison with more highly developed genera
shows that this extension is a stem (columna),
and its presence indicates a more fixed habit
than was, perhaps, assumed by Aristocystidae.
Further influence of fixation is clear in the de-
velopment at the opposite pole of the theca
of a movable, jointed tube (Br), composed of
four or five rows of small plates, wider than
high, and often alternating ; this tube tapers to
a rounded end, in which no opening is per-
ceptible ; neither are there openings between
its plates; the plates may, however, have
opened along one of the vertical lines, thns
converting the tube into a groove, exactly as
figured in Fig. 5 of Barrande’s Plate XXVI. (see
Fig. IX.). This organ was regarded by Barrande
and Trautschold as a tubus ventralis for genital
(not faecal) products; by Neumayr (1889) as
an arm, with a double row of ambulacral pores ;
by Haeckel (1896) as an oral proboscis, or
possibly the stem. It is here regarded as an
extension from the mouth, bearing a ciliated
food-groove that could be closed by plates, and
perhaps also an extension from the water-ring.
Gther thecal openings are doubtful ; an anal
pyramid may have existed in the lower third
of the theca (d4s), but Barrande’s figures and
descriptions are inconsistent; hydropore and
gonopore quite unknown. Folds or ridges
radiate from the centre to the edges of each
thecal plate; besides strengthening the plates,
these folds, like similar ones in later stalked
forms, may indicate the concentration of a
nervous layer in the integument into definite
tracts (axial nerves) putting the stem, thecal
plates, and plates of food -grooves into con-
nection.  Cigare, Barrande (1887), resembles

the stem of Dendrocystis, and suggests its occurrence in the Cambrian.
Syringocrinus paradozus, E. Billings (1859), is the same thing from Quebec.

FamiLy 3. EocysTIDAE. Established to include certain obscure forms
from the Lower and Middle Cambrian of Great Britain and North America.
Eocystis, Billings (1868), and Protocystis, Hicks (1872, see also Salter, 1873),
have never been properly described or figured ; but since they cannot
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well' be distinguished from Eocystates (?) longidactylus, Walcott (1886), that
species must be taken as the example of the family (Fig. X.). Thecal
plates numerous, irregular, ¢ varying in form, size, and surface characters
on the same body.” The two important points are: the varying develop-
ment of radiating stereom-folds on some of the plates ; the presence around
the m01'1th of not less than ten biserial brachioles, with long covering-
plates (“ short pinnulae,” Walcott). This type, therefore, is intermediate
betvaeen_Amphoridea and Rhombifera, and its occurrence at so low a
horizon is fortunate for the phylogenist. This family Eocystidae in no
way co?respf)nds to Haeckel’s Eocystida, which, like his Eocystis, is a
purely imaginary creation of no systematic validity.

Famiuy 4. ANoMaLoCYSTIDAE. Theca compressed in the plane of the

Fic. X.

Eocystis longidactylus. 1, portion of test much enlarged, showing variation in size, outline,
and markings of plates, some of which have apparent pores at their edges; 2, upper part of
a specimen without test, showing portions of brachioles and impressions of covering-plates.
With kind permission of Dr. C. D. Walcott.

thecal apertures, one side tending to be convex, the other concave.
Plates of the two sides enclosed by a common frame of marginals. Plates
of concave side tend to be fewer and more regular than those of convex,
but never achieve bilateral symmetry as do the latter. Tapering stem of
polymeric columnnals at one end of theca; at the opposite end are the
apertures, with function still uncertain. In some genera, spines (“arms”
of most writers) are known, one at each upper angle of the theca. Orna-
ment of granules, which on the theca tend to run in transverse, wavy,
sub-parallel lines, simulating the scale-markings of some Crustacea. No
pores. J. Walther (1886) and Haeckel (1896) have considered the bilateral
symmetry primitive, and homologous with that of the Dipleurula ;
but M. Neumayr (1889) maintained that the symmetry of the two was
different. The evidence suggests that the evolution was fowards greater

4
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bilateral symmetry, and therefore started from the usual sack-like form.
Genera— Trochocystis, Barrande (1859-87 ; syn. Trigomocystis, Haeckel),
Cambrian, Bohemia, France, Spain (Fig. X1.), is
the most primitive ; its theca is bounded by
twelve stout maiginals (mm), conspicuous on one
side more than on the other, and forming a
circular, elliptical, or subtriangular frame ; the
enclosed space on either side is occupied by a
mosaic of 80-160 somatic plates, hexagonal
except where truncated by the marginals. At
the oral end of the frame three openings, nearly
in the broad median plane, pass from the thecal
cavity through or between the marginals to the
exterior; the middle opening (? hydropore and
gonopore) is widest, and is protected by a
hood-like projecting plate (M), ( madreporite) ;
of the other two openings, one (0) in the broad
plane is the wider (? mouth), the other (4s)
slightly out of that plane is smaller (? anus);
they appear to be connected by a canal (?for
reception of gut) running round the thecal

Trochocystis bohemicus, re. CAVILY on the inside of the marginals. At the
stored on the evidence of Bar- aboral end of the frame the marginals pass
oS TS iopatt of the into a short, tapering stem (Sf) of subtri-

theca on the right of the figure h
is removed showing the interior. angular section, composed of rows (3 or 579

The arrows show the supposed : S . 3
direction of the gut. The letters Of alternating ossicles, its lumen communi-
are explained in the adjoining cqting with the thecal cavity. Trochocystis

may be regarded as a differentiation from
such a form as Aristocystis by lateral compression, so that its broad
median plane is morphologically the
sagittal, and the flat sic.s are the
primitive right and left, the pro-
Jecting plate M being on the left side.
Mitrocystis, Barrande (1887), Cam-
brian and Ordovician (Fig. XIL.),
has twelve marginals (mm), but on
the (left ?) side that corresponds with
the convex side of later forms, the
junction of the stem with the somatic
plates lies between two of them ;
while the median adoral plate of
this side (M) is vertically grooved on
the interior, but exteriorly resembles
the somatic plates, which on this
side, though larger and fewer (50-60) it .
than in Trochocystis, still form a ,, Miogs mre, 3, fm supposed iht
mosaic of hexagons ; two, adjoining of upper part of the latter, showing the folded
the stem, are larger than the others, Pl (After Barrando.)

On the other side, which corresponds with the concave side of later forms,

Fia. XI.
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the marginals have extended far over the area formerly occupied by somatic
plates, and the?se latter number from three to six, one of which is much the
largest and of irregular shape. Openings other than the median not distinct.
Stem of about four alternating rows of plates, often provided with thorn-like
processes, and each overlapping its distal neighbour ; total length about
equal to that of the theca, the proximal third with a wide lumen. No
f)ther appendages observed. Atelecystis (A. Huaxleyi), Billings (1858), is
1mper‘fect1y known ; Anomalocystis cornutus, Hall (1859), may be con-
generic, as usually supposed ; but A. disparilis, Hall, probably belongs to
Placocystis (vede enfra).  All the species described by Barrande (1887) as
Anomalocystis are doubtful. The specimens described by Meek (1873)
and Wetherby (1879) are separable generically under the latter’s name,
Enoplowra ; the species are E. lulanoides, Meek sp., and E. crustacea,
Haeckel sp.!  In all these one traces the gradual diminntion in number of
plates, especially of somatic plates, and the evolution of the granular
ornament into wavy ridges. Some of these also show traces of adoral
spines. Belemnocystis is placed in this family by Miller and Gurley (1894),
probably with justice, though its exact affinities are obscure. Platycystis,
S. A. Miller (1889), is based on a worn Anomalocystid of indeterminable
affinities. Placocystts, de Koninck (1869), from the English Wenlock beds
of Silurian age (Fig. XIIL), is the most specialised form of this family. It
was redescribed by H. Woodward
(1880) ; since then fresh kuow-
ledge has been gained. On either
side of the concave face (Fig.
XIII. 1) are three marginals
(mm) which pass over on to the
convex side ; at the columnal end
are two marginals, at the oral
end are three, and none of these
five continue on to the convex
side, although correspondirg
plates occur there. The median
adoral marginal of the convex
side (Fig. XIIL. 2) is the plate
M; its free edge is occasionally Fie. XIII.

denticulate ( cf. ridgings in Matro- }ilacgcystis Forbesianus. 1, concave or supposed
. : » right side; 2, convex or supposed left side ; 3, upper
C?/sms)- The somatic pla.tes of mz,rgip. showing attachment for spine at Br'.

the concave side are one la.rge (1, reconstructed from various specimens in British
, 6 Museum ; 2, from Brit. Mus., E7545, enlarged ; 3,
central, and one small at 1S from the type-specimen, Brit. Mns., E7588.)

lelt upper corner : those of the

convex side are eleven, viz. two ad-columnal, as in Mitrocystis, supporting
one median which does not tonch the columnn as it does in Enoploura ;
a transverse row of five, the median of which is small and often quite
surrounded by its two neighbours (it is nof an anal structure, as supposed) ;
a row of three adjoining the adoral marginals. Stemn much as in Mitro-
cystis. 'The three marginals that meet at e?.ch adoral angle of the theca
(Fig. XIIL 3) form an ovticular surface (Br') for the support of a spine

1 This name must be restricted to Wetherby’s Fig. 1, d, ¢, f, and ?g.
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(Br) which may attain 2/3 the length of the theca, without signs of a
joint. The spine is subcircular in section, and has no groove and no
accessory plates ; none the less it may have served as an arm, 7.c. as the
bearer of a tentaculate extension of the water-system, and of a ciliated
path to the mouth. The inouth, anus, and hydropore were probably
situated in the integument uniting the two sides of the thecal opening
that seems to stretch between the spines. Haeckel (1896) supposes that
the Apusform of the Anomalocystidae was correlated with locomotion,
and that the stem was a locomotor organ—a suggestion by no means far-
fetched ; but his statement that the anus was ad-columnal must ‘have
been based on Pleurocystis (p. 64), which, though belonging to a different
order, simulates Placocystis in many features.

ORDER 2. Rhombifera, Zittel (1879, emend.)

Cystidea in which radial symmetry affects the food-grooves,
and, in the more advanced families, the thecal plates; probably also
the nerves and ambulacral vessels, but not the gonads. The food-
grooves are exothecal, ¢.c. are stretched out from the theca on jointed
skeletal processes (brachioles). These either are close to the mouth
or are removed from it upon a series of ambulacral or subambulacral
plates not derived immediately from thecal plates, or are separated
from the oral centre by hypothecal passages passing beneath teg-
minal plates. The stereom and stroma become arranged in folds and
strands at right angles to the sutures of the thecal plates ; in higher
forms the stereom-folds are in part specialised as pectini-rhombs.

The chief reason for the establishment of this order is the
recognition of a distinct line of development in the skeletal
structures bearing food-grooves. That this represents a true phylo-
genetic series is confirmed by the structure of the test, although
there may be some indefiniteness in this respect shown by the
earlier genera. The difficulty of classifying forms at the parting of
the ways is not one to be lessened by advance of knowledge. We
note also the gradual decrease in number of thecal plates, their
increasing subjection to a radial symmetry, and greater develop-
ment of a stem. Hence, as is to be expected in a natural classifica-
tion, there is a far greater difference apparent between extremes
in the same series, say, the Callocystinae and the Echinosphaeridae,
than between the latter and the Diploporite family Sphaeronidae,
which constitute initial forms of different series. The radial
symmetry or actinism of the order is trimerous, pentamerous, or
hexamerous, but may undergo secondary modification through
atrophy of a ray (e.g. Comarocystis, Lepadocrinus).

Faminy 1. EcHINOSPHAERIDAE. Rhombifera in which the thecal plates
are numerous and indefinitely arranged. So-called pore-rhombs are de-
veloped, but no pectini-rhombs. Brachioles confined to neighbourhood
of mouth, unbranched. Stem, when present, not composed of a single series



THE CVYSTIDEA 53
. sm

of columnals, This family includes some of the Cystidea earliest
studied.  Echinosphaera and Sphaeronis (p. 71) are found in the rocks
around the Baltic as round balls filled with radiating crystals of calcite.
Hence they were known to the older Scandinavian naturalists as “crystal
apples,” and were, as such, included by Linnaeus in his Mineral Kingdom,
under the name Aetites. Their animal nature was first demonstrated
by the- youthful Gyllenhal (1772) in an admirable paper. He further
recognised, not merely their echinoderm affinities, but also that essential
difference between the tests of the two forms which was emphasised by
J' oh. Miiller eighty-two years later, served as the basis of Zittel’s classifica-
tion, and is still regarded as an ordinal character. So little were these
forms understood that Konig (1825) placed Echinosphaera awrantium near
the Ascidian, Boltenia, under the name Leucophthalmus Strangwayss ; while
in 1845 M‘Coy compared a Sphaeronis to the Ascidian, Chelyosoma. These

Fic. XIV. Fic. XYV.

Peristomial areas of Echinosphaera

R : . aurantium, showing variation in origin of
borth. The lettering is explained in the brachioles’(Br). (After ‘Volborth.)  En.

Echinosphaera aurantium, after Vol-

adjoining text. Nat. size. larged.

comparisons, though based on superficial similarity, with-  bearing on the
supposed relationship between Echinoderma and Enteropncusta, have again
been brought forward by Haeckel (1896). Genera—Echi..osphaera, Wahlen-
berg (1818 ; synn. Orystallocystis, Citrocystis, Trinemacystis, Haeckel), Ordo-
vician, Europe, type Echinus auranttuwm, Gyll. (Fig. XIV.). The smooth,
spheroidal theca is composed of some hundreds of irregular plates, mostly
hexagonal. At the aboral pole the plates, arranged in one or two fairly
regular circlets, form a slight projection (5t), by which probably the theca
was attached, but there was no definite stem. At ‘the oral pole is another
projection (0), very variable in size and shape ; ‘thls, as shown by Volborth
(1846), supports arms. From the figures published by Volborth (1846),
Miiller (1854), Quenstedt (1876), Angelin (1878), and Haeckel (1896), it
appears that the plates forming the oral projection, as Well' as t-he arms _them-
selves, vary in number and position (F 1g XV) Tl‘le primitive number of
arms appears to be three, one anterior, u.c. opposite the anus, and two

lateral. The two lateral may fork, thus producing five branches in all
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(cf. p. 11). In either of these cases the anterior arm may diniinish in size
and finally disappear, leaving either two lateral, or two antero-lateral + two
postero-lateral = four branches in all. The length of tbe arms and their
subsequent branching, if any, are unknown. The portions preserved are
formed of series of brachials, bearing on their adoral (upper) surfaces a
groove leading to the central nmiouth, and roofed by small covering—pl.ates.
The anus (4s), with its pyramid of four to ten plates, hes- 1/3 or 1 /4 of the
way down the theca. Between anus and mouth, to the right, is the hydro-
pore (M). The plates of the theca were united by strands of mesostroma as
in the next genus. Arachnocystis, Neumayr (1889), of Ordovician age,
has for type the Echinosphaerites infaustus of Barrande (1887).  The
pear-shaped theca is composed of 200-800 plates of 1rrfagular shape and
arrangement, mostly sinall, but with a few larger plates interspersed. At
the narrower end of the theca is a stem, about 40 mm. long, composed
of five (?) alternating rows of hexagonal plates. At the opposite pole lies
the mouth, on a slight elevation of larger, irregular plates (not five orals
as sometimes stated). From these are given off three arms, composed of
two alternating rows of plates (biserial), and with a ventral groove roofed
by small covering-plates ; they may reach 100 mm. in length. About a
third of the way down the theca is the large anal opening, closed by a
pyramid of five plates. The hydropore has not been observed. The
structure of the thecal plates is clearly shown in the Bohemian fossils ;
between the thin non-porous epistereom and hypostereom lies the meso-
stereom, penetrated by canals left by the strands of mesostroma that ran
at right angles across the sutures and united the plates. A trace of the
original path of these strands, as seen in Aristocystis, remains in the form
of canals passing down to the hypostereom,
one at the ad-central end of each transverse
canal, and one on either side the suture.
The centre of each plate is solid, and often
raised in an umbo ; by ideal lines drawn
from the umbo to the angles of cach plate,
the canals are grouped in triangles, and
the adjacent triangles of two neighbouring
plates form a “pore-rhomb.”  Palacocystis,
Billings (1858), Ordovician, Canada, has
thecal plates of similar structure.  Orocystis,
Barrande (1887), Ordovician, Bohemia
(Fig. XVL), has an oviform theca, with a
small hexagonal stem (St) of unknown
length, and near the other pole three
eccentric openings: O generally, and
Fic. XVL. probably with right, regarded as the

Orocystis Ielmhackeri, restored on mouth ; A4s the anus ; M the hydropore.
glégcﬁ;,‘éfé}ff of Barrande’s figures and v o 41009 plates are marked with strong
axial folds, parallel with which are smaller

ridges, all at right angles to the sutures. The folds are probably the
superficial indications of axial nerves, and it is noteworthy that strongly
marked folds radiate from the six angles of the stem, and that six
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similar f91ds lead to the oral aperture (possibly conveying nerves to
six brachioles). The minor ridges are the superficial indications of strands
of mesostroma, uniting plate to plate across the sutures, and emerging on
the nner surface in rows of apparent pores. Heliocrinus, Eichw. (1840 ;
Sy, Heliocystis, Haeck.), Ordovician, Europe, has for type Echinosphaerites
balticus, and therefore includes numerous species of similar structure,
usually referred to Caryocystis. It differs from Echinosphaera in the more
pronouncedly pentagonal, though minute stem, and in the greater orna-
mentation of the cup by axial folds and ridges. Stichocystis, Jaekel (1899),
has apparent pores in the ridges. Caryocystis was. founded by von
Buch (1844 and 1845) to receive Echinosphaera granatum, Wahlenberg
(Sphaeronites testudinarius, Hisinger, non Auctt), and another species which
von Buch and all subsequent authors have
incorrectly supposed to be 8. testudinarius,
Hisinger. Eichwald (1859), aware that C.
granatum belonged to his own Heliocrinus, justly
took as the type the second species nientioned by
von Buch, adding to it C. pumila, an Echino-
encrinid. The type of the genus is therefore
the species universally and erroneously known as
C. testudvnarius, which name yields to C. An-
gelint, Haeckel (Fig. XVIL).  Amorphocystis,
Jaekel in Koken (1896), is a simple synonym.
Caryocystes differs from Helzocrinus in the elon-
gation of the oral and aboral poles, and the
elongation of the mouth in the sagittal plane.
At each end of the mouth-slit, Angelin’s figure
(1878 ; our Fig. XVIIL.) shows two facets for
brachioles (Br'); it also seems to show two
openings (hydropore, M, and gonopore ?, &)
between mouth and anus.

FaMiLy 2. CoMAROCYSTIDAE. Rhombifera in
which thecal plates are numerous and inde-
finitely arranged. Radial structure of stereom
strongly marked, but no definite pore-thombs or
pectinirhombs. Food-grooves on free exothecal
brachioliferous processes. Columnals in a single
series. (Genera—Comarocystts, Billings (1854),
Ordovician, Canada. Theca ovate, may be over
7 cm. high, composed of about 150 most:ly
hexagonal plates, with strongly marked radial Fo. XVIL
striation of the stereom, especially towards the _Caryocystis Angelini (C. testu-
margins, which are raised above the umbones g;ﬁ(rlsusg( .%uct-t.). (After An-

of the plates. Mouth-slit transverse, witl} a
pair of uniserial brachioliferous arms at either end. Theca flattened

in mouth-plane. Anus below arms on right side. Hydropore above level
of anus, near the posterior margin of the mopth. Stem longer tha'n
theca ; columnals low, circular, with‘modemtely wide lumen. Achmdoc%/stzs,_
Volborth (1870), Ordovician, Russia, appears to have an anal pyramid of
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seven plates, and a very highly developed stem. Thecal plates have
strong radiating ridges, marginal concentric ridges, and suture margins
toothed on the inside in correspondence with the ridges. Since this struc-
ture is not unlike that in Comarocystis, the genus is provisionally placed here.
Faminy 3. MACROCYSTELLIDAE. Rhombifera in which the theca
consists of three or four circlets of plates, subjected to a more or less
regular pentamerism. The stereom is strongly radiately ridged or folded,
but no so-called “pores” or pectinirhombs are developed. Brachioles
are borne by the upper circlet of plates, and within these there may have
been tegminal plates over the mouth. There is perhaps no intimate
connection between the two genera referred to this family. But they
are both Camnbrian, and show an early development of that tendency to
reduce the number of plates, which eventually evolved the Glypto-
Systidae from a different branch of the Rhombiferi. The Macrocystellidae
were probably derived from Eocystidae without passing through an
Echinosphaerid stage. Genera—Macrocystella, Calla-
way (1877), Upper Cambrian, Shropshire. Theca
seen from the side (Fig. XVIII. 1) shows four circlets
of plates, apparently five in each circlet. Those of
the aboral circlet are low and pentagonal ; those of
the second and third circlets hexagonal and rela-
tively large ; those of the fourth circlet about half
the size of those in the third, sub-pentagonal, and
each bears a brachiole. These almost immediately
bifurcate, making ten branches in all, about as long
as the theca is high, and apparently biserial ; covering-
plates are distinct. There were probably tegminal
plates above the origins of the brachioles. Thecal
plates strongly marked with radiating folds, which
divide the surface into triangles ; between them are
smaller folds. No fine rhomb structure is seen.
Anus unknown. Stem rapidly tapering, about half
as long again as total length of crown ; proximal
columnals low and imbricating, with very wide
lumen ; distal columnals long and narrow. Mimo-
cystis, Barr. (1887), Ordovician, Bohemia, does not, so
] far as can be gathered from the published description,
S differ from Macrocystella in any essential. LicMmidw,
Jt!a07'oc;/.s;clla e Barx_‘. (1846, 1887 ; Pompeckj, 1896 ; syn. Licheno-
1, from side (recon. cYystts, Haeckel), Cambrian, Bohemia and Bavaria.
et o ET?% Theca composed of rounded plates of very different
1>)<ma e 31-2, p;)rtign gt() K sizes, but seml-regul.ar in arrangement. At the base
side, dorsal, and ventral ar€ five to twelve minute plates, indicating absence of
surfaces; 5, single plate stem and probably of fixation, at all events in adult.
of a large specimen (Brit. . ) X
Mus., B7528), nat. size. Above those is a circlet of five irregularly pentagonal
large plates. Resting on, and to a certain extent
alternating with these, are six or seven plates of similar size. A circlet
of smaller plates, alternating with the last mentioned, forms the summit,
and bears about eight biserial unbranched brachioles. No anus observed.
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All plates except the minute ones at the base were united by strong
stroma-strands across their sutures, and these form pore-rhombs.

EAMILY 4. TIARACRINIDAE. Rhowmbifera in which the plates forming
the sides of the theca are arranged in not more than two circlets, and the
plates of each circlet are transversely united by strongly marked pore-
rhombs: The genera, though clearly separated as offshoots from the
Rhombifera, do not form a very coherent group, and need careful description
by a well-informed worker. T wracrinus, Schultze (1867, Syn. Staurosoma,
Barrande, 1887), Devonian, Eifel, and Bohemia. Theca cup-shaped or a
truncate spheroid, the sides composed of four large, interradially situated
plates, one of which is (? only in somne cases) horizontally bisected. These
plates are united by strongly marked stereomi-folds, raised above the
surface, and forming demi-rhombs. The composition of the oral surface is
unknown, but there seeins to have been a central mouth, with food-grooves
radiating from it towards the margin, where brachioles probably arose.
An anus seems to have pierced the margin at the summit of one of the
triangular side-plates. Stem-facet four-sided, with angles radial ; lumen
small. Rhombifera, Barrande (1867 and 1887), Ordovician, Bohemia.
Theca elongate, triangular in section ; appears composed of two circlets—a
lower, of three plates united by strong stereom-folds, visible exteriorly only
as terminal pores outlining “ pore-rhombs” ; an upper, of six (?) plates, of
which three pairs are united by pore-rhombs, similar to those of the
lower circlet, and vertically above, not alternating with them. Oral
region unknown. Aboral region passes gradually, by smaller plates, into
a cylindrical stem. The structure of the pore-rhombs and the trimerous
symmetry suggest comparison with Caryocrinidae. Rhombifera mira,
Barr.,, is usually considered to be a
Stephanocrinus.  Aethocystis, S. A. Miller
(1892), Silurian, Indiana, may be placed
here provisionally. N

FaMmiLy 5. MarnocysTIDAE. Rhombi- B
fera in which thecal plates are numerous
and indefinitely arranged. Radial folds
of stereom often pronounced, but minor
rhomb-like striae not clearly seen. Food-
grooves on exothecal processes passing
over the theca and bearing brachioles.
Columnals (when known) in a single
series. This Ordovician family shows
the independent evolution of a structure
common in a later family, Glyptocystidae,
viz. the extension from the mouth over Fic. XIX.
the theca of series of alternating plates,  Amygdalocystis florealis. 1, from side ;

. : s e 0 2,single plateenlarged; 3, portion of food-
supporting a single series of brachioles. g-rooge D reed. b, ‘detiad oubline of

1 1 1 ni- some brachioles; Br’, facet for attach-
The alternatmg series is not so co ment of same. Origiﬁal, from specimen

plicated as in Glyptocystidae, and t}.le belonging to Dr. G. J. Hinde.
food-groove passes, not on the top of it, .

but along its sides. The main grooves appear in all cases to be reduced
but these may branch and wind round the theca as in the later
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form, Sphaerocystis (p. 63), or may remain simple, and stretch in- the
transversal plane. Genera—Malocystis, Billings (1858). Chazy Lime-
stone, Canada. Theca globular. In the type-species the grooves branch.
Amygdalocystis, Billings (1854), Trenton Limestone, Canada. Theca
(Fig. XIX.) flattened in plane of food-grooves, and elongate. Grooves
never branched.

FamiLy 6. GLYPTOCYSTIDAE. Rhombifera with stem, theca, and
brachioles. The theca composed of five circlets of alternating plates,
typically five in each circlet. In first (aboral) circletz right posterior
(r.post) plate is always fused with right antero-lateral (r. ant.) Plate.
Anus, with valvular pyramid, between second and third circlets, in right
posterior interradius (r. post. IR). Hydropore in adoral circ.let, always
opposite unpaired arm-groove, and thus defining posterior interradius
(post. IR). The trans-sutural foldings of the stereom (pore-rhombs) are
restricted in distribution but exaggerated in structure (“ pectinirhombs”).

Fia. XX,

Actual distribution of pore-rhombs explained by supposed course of gut in primitive
Glyptocystidae. The plates numbered as in Fig. XXI,

One of them invariably unites the left posterior plate of the first aboral
row with the left anterior plate of the second row. Mouth central ; from
it over the theca radiate food-grooves, primitively 5, by reduction 4 or 2;
these are bordered by the plates of the adoral circlet, or by plates
derived from their proliferation ; and these side-plates bear facets for
brachioles of biserial structure. This family is perhaps descended from
primitive Echinosphaeridae, in which a natural tendency to the develop-
ment of five food-grooves (one ant, single; two lateral, paired) was
accompanied by decrease in number, and increase in size and thickness,
of the thecal plates, together with their arrangement in five alternating
circlets of five (as in Mimocystis). The diminution of the thecal cavity,
we may suppose, pressed the coil of the gut against the body wall;
thus the respiratory function was hindered in the pore-rhombs along this
tract, so that they disappeared, while it was thrown more on the remain-
ing pore-rhombs, which became highly developed (Fig. XX.). The process
continued till only three pair of intensely folded areas were left, one at
the base on the side opposite the anus, the others above the anus to
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the right and left of it; from their likemess to combs, these areas are
called pectinated rhombs, more shortly “pectinirhombs.”

We may reconstruct a form like that analysed in Fig. XXI. as a type
(pr(?bably ancestral) from which every known genus of this family may
easily be denvefi. In this archetype two plates (r. post. and r. ant.)
of the aboral circlet are fused together, so that the total number is
twenty-four ; numbers are attached to these in the diagram, after a plan
originated by Forbes. The following statements may safely be made
concerning this archetype, those applying equally to the whole family
belgg italicised :—38 4s the double plate; o pectinirhomb joins 1 & 5,
whlle_ot.her .pectinirhombs were probably distributed as in Fig. XX. ; the
anus 18 1n right posterior IR, between plates'7 and 8, and below 13 ; it is
protected by a valvular pyramid, surrounded by a ring of smaller plates ;
20-24 lie between food-grooves, and are therefore interradial; the

l.a. l,p.
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Fic. XXI.

Arrangement of plates in the supposed archetype of the Glyptocystidae. The attached
numbers are those given by Forbes. The letters at the top, read from left to right, denote :
left anterior interradius & radius ; left posterior interradius & radius; posterior interradius ;
right posterior interradius & radius ; right anterior interradius & radius ; anterior radius. Plate
23 bears the hydropore and gonopore ; the notches in plates 15 to 19 represent the primitive
position of five food-grooves; between 7, 8, and 13 lies the anus. Pectinirhombs not shown.
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Liydropore, defining the posterior interradius, is in 23, and above it is
a semi-lunar pore of unknown function (genital or excretory); opposite
these is the unbranched anterior food-groove, passing to plate 15 ; the
branches of the right groove pass to 18 and 19, those of the left groove
to 16 and 17 ; at the end of each of the five main grooves is a facet,
bearing a brachiole composed of two alternating series of ossicles (“biserial”);
the food-grooves of both brachioles and tegmen are protected by small covering-
plates ; the theca is borne on « stem, which at its proxvmal end has low
columnals with a wide lumen, and which tapers distally. Modifications of
this type take place in the following d'irections :—-Enlargement of the
ring of small plates around the anus, into a region of scaly, flexible
integument (Cheirocrinus, GQlyptocystis, Pleurocystis) ; the accentuation of
the relations of the five main grooves to plates 15-19, coupled with
the sinking of those plates between those of the third series (Cheirocrinus,
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Cystoblastus) ; the extension of the subvective system over the thecal
plates, by the proliferation from plates 20-24 of alternating series
of plates, in which every other plate bears a brachiole (Schizocystis,
Glyptocystis, Lepadocystis, Callocystis, Sphaerocystis, Lepadocrinus, Pseudo-
crinus) ; the atrophy of the anterior groove (partially in Glyptocystts, more
so in Prunocystis and Schizocystis, wholly in Lepadocrinus, Sphaerocystis,
and Strobilocystis) ; atrophy of two side grooves in addition (Schizocystis,
Pseudocrinus, Pleurocystis) ; restriction of pectinirhombs to sutures
between 1 & 5, 14 & 15, and 12 & 18 (Prunocystis, Schizocystis, Pseudo-
crinus, Lepadocrinus, Callocystis). None of these characters can be taken
as a basis of classification ; each group so formed would include genera
very diverse in other respects ; doubtless the same structures have in
many cases been independently attained. Happily certain relationships
seem clear, and round them the genera may be gathered into sub-families.

Sup-Faminy 1, ECHINOENCRININAE, passes from the simple form

@ @ M{z\23 o)

& &b 49

A

O RORREY

Fie. XXIII.
Analysis of Echinocnerinus, original, after
specimen E1265 in Brit. Mus. Fia. XXIV.
Fre. XXII. Prunocystis Fletcheri (from
Echinoencrinus Sencken- Brit. Mus., 40207). Rh,
bergi, after Jaekel. pectinirhomb. X 4 diam,

Echinoencrinus, in the direction of extension of two of the lateral grooves
over the theca, through Prunocystes to Schizocystis ; pectinirhombs 1 & 5 and
14 & 15 always, 12 & 18 frequently present, but no others, except 1 & 6
in Echinoencrinus. Genera—Echinoencrinus, H. v. Meyer (1826 ; synn.
Gonocrinus, Eichwald, 1840, and Sycocystis, von Buch, 1845 ; see also
Volborth, 1842), Ordovician, Russia, differs from the imagined archetype
in restriction of pectinirhombs to 1 & 5,1 & 6, and 14 & 15, and
in apparent bisection of plate 23 (Fig. XXIIL) The main grooves
may support five brachioles, or only two, or may branch yet more ; in
any case the facets are always close around the mouth. Anal region often
prominent (Erinocystis, Jaekel, 1899). The plates usually have strong
radiating folds, often crossed by finer concentric ridges (Fig. XXIL).
Here Jaekel (1899) places his Glaphyrocystis and Scoliocystis, Ordovician,
Russia.  Prunocystts, Forbes (1848), Silurian, England, includes P.
Fletcher: and Echinoencrinus baccatus, Forbes (Fig. XXIV.,). Theca
“shaped like the fruit of a dogrose” Adoral row of plates increased
in number. Pectinirhombs on 1 & 5, 14 & 15, and 12 & 18 only.
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Brachioles clustered round mouth, probably five,slender, and comparatively

long. Schizocystis, Jaekel (1895), Silurian, England. Type, Eclhinoencrinus
RIS, Forbes. (Figs. XXV,-XXVIL). Arrangement of plates and rhombs
as in Prunocystis; rhomb 12 & 18 sometimes absent. Ant., r. ant., and
L post. food-grooves almost or entirely atrophied ; 1. ant. groove extends
nearly half-way down the theca on to plate 11, is floored with alternating

f16s. XXV. & XXVI.

chizocystis armatus (from
Mus., E7589 & E7590).
XXV. from above;
/I. from the abanal
As, anus; DBr', facets
brachioles ; fp, flooring
es of snbvective groove ;
ig. XXVI. the impressions Analysis of Schizocystis. Plates 11 & 13
hese are seen in the distal ? are notched by the food-grooves. Plate 23 is
part of the groove ; Rh, the double, and bears hydropore and gonopore.
pectinirhomb of plates 14 & XXVI.
15 ; St, part of stem.

St----
Fre. XXVII.

plates, bears about five brachioles; a similar extension of r. post.
groove to plate 13 is checked by anus, and bears only three brachioles.
SuB-FAMILY 2, CALLOCYSTINAE, starts from a form in which all five sub-
vective grooves, with the usual flooring plates and brachioles, pass over
the theca, as in Lepadocystis ; and diverges (a) by suppression of grooves,
without branching, into Lepadocrinus and Pseudocrinus; (b) by branching
of grooves, with subsequent suppression, into Callocystis, Sphaerocystis, and

Strobilocystrs ; pectinirhombs 1 & 5, 14 & 15, 12 & 18 probably always

present. Genera — Lepa-

(1891 ; syn. Meckocystis, @

Jaekel, 1899), Ordovician, "

Indiana (Fig. XXVIIL).

Theca ovoid; plates around @ @

anus slightly altered from

the archetypal position. @ 8 @

Pectinirhombs on 1 & 5,

five, stretching a short dis- Fie. XXVIIL.

tance over theca, one t0  naiysis of Lepadocystis Moorei, based on Meek’s figures
late 23.

Lepadocm'nus, Mather ,hydmpore s . .

(1843 ?; Conrad, 1840 ; Hall, 1859 : synn. Apiocysts, Forbes, 1848 ;

docystis, P. H. Carpenter @ @ @m @

\
12 & 18, 14 & 15, and @ @ @
10 & 15. Main grooves
each plate of fourth circlet. (1871 & 1873). Flates 15 to 19 notched by food-grooves ;
Staurocystis, Haeckel, 1897 ; ? Hallicystis, Jaekel, 1899 ; includes
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Pseudocrinus quadrifasciatus and P. oblongus), Silurian, North America,
England, Scandinavia (Fig. XXX.). Plates much as in Lepadocystis.
Pectinirhombs on 1 & 5, 12 & 18, 14 & 15 only. Main grooves four,
the anterior being aborted, extend over theca to a degree that differs
in different species, and is always less in younger stages. Pseudocrinus,

Fic. XXIX.

Analysis of Pseudocrinus, based on specimens in
the British Museum, especially 40193,

Fie. XXX,

Restored Lepadocrinus quadrifaseiatus. The arm-
lets of the outer rows are erect; those of the middle
TOowW depressed Near the top of ‘the left-hand quarter
is the anus ; near the top of the right-hand quarter
is a pectinirhomb. By permission of the Keeper of
the Geological Dept., British Museum.

Pearce (1842, redescr. Forbes, 1848), Silurian, England (Fig. XXIX.)
Resembles a Lepadocrinus in which all main grooves are aborted except
apparently r. post. and 1. ant. The grooves are the same as those of
Schizocystis, but their relation to the thecal plates and anus is as in
Lepadocrinus. The theca is compressed so as to have two almost flat

oval sides, fringed by the

brachioles of these grooves ;

one side contains the anus

and pectinirhomb 14 & 15,

' the other contains pectini-
” rhombs 1 & 5, and 12 & 18.

Callocystis, Hall (1852, syn.

5 Anthocystis, Haeckel), Silurian,

North America (Fig. XXXL.).

@ Plates 10, 12, and 14 are
sunk down between 6 and 7,

Fio. XXXI. 8 an? 9 respectively, so as to

Analysis of Callocystis Jewetti based on Hall's figures. rest on 2 and 3 ; thus there
appear to be eight plates

the second  circlet, Contrariwise, by the vertical elongation of 7 and 8,
13 is raised between 18 and 19. The remaining plate of the third
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circlet is reduced in size and sometimes quite atrophied. Pectinirhombs
onl &35, 12 & 18, 14 & 15, as usual. Main grooves five, pass nearly to
base (?f theca ; one or more of the grooves may bifurcate once towards
the d1§tal end. Sphaerocystis, Hall (1859), Silurian, Maryland. Theca
spheroidal. Main grooves four, each with three to six branches. Plates
un.determined ; pectinirhombs, anus, and hydropore situated as in Lepado-
crinus, Strobilocystis, White (1 876), Devonian, Iowa, resembles Sphaero-
cystis, but the branches have become “small secondary arm-grooves
extending obliquely downward from each side of the principal grooves.”
Sup-FAMILY 3. GLYProcYSTINAE. Besides the negative characters of
irregularity in the shape of the plates and in the distribution of pectini-
rhombs, the only feature common to the included genera is the evidence
they offer of descent from a simple form like Cheirocrinus. The number
of pectinirhombs connects Cheirocrinus with Cystoblastus and Glyptocystis ;
the enlargement of the anal area connects it with Glyptocusttsand Pleurocystis;
the relation of the third circlet of plates to the fourth is another link with
Cystoblastus. Genera—Cheirocrinus, Eichwald (1856 and 1859 ; see also

Fie. XXXII.
Analysis of Cheirocrinus penniger, modified from Fr. Schmidt.

Schmidt, 1874, under Glyptocystis), Ordovician, Russia, and North America.
The chief departures from the archetypal arrangement of plates are
correlated with an increase in size of the anal area, which is covered with
numerous small plates, and surrounded by plates 7, 8, 12, 13, and 14.
This in C. penniger, the type-species, induces the vertical fission of 18
(or intercalation of 18a), and sinking of 12 on to 2; the pushing of 15
to the right over 10, and sinking of 10 between 9 and 5 on to 4 ; the
pushing of 17 to the left over 11; the consequent sinking of 16 between
10 and 11 on to 5. In C. Volborthi the plates of the third row are not
sunk, but raised between those of the fourth row ; this is a change in
the direction of Cystoblastus. ~The distribution ol the numerous pectini-
rhombs varies with the species, and, to some extent, with the individual ;
those on 1 & 5, 1 & 6, with the demi-rhomb_s 1 & 4,1 &.2, are constant.
The arrangement in one specimen of (. penniger is shown in Fig. XXXII.
Reversiors ¢o the older and simpler type of rhomb struc.ture occa-
sionally occur (e.9. 13 & 18a in the figure) The five main grooves
pass betwetn plates 20-24 to plates 15,-1 6,17, 18a, and 19 ;-tpe-zy are
rather wide and fringed with short brachioles. The threefold division of
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plates 20-24 in C. penniger is the first stage iu the proliferation of those
plates to floor the food-grooves; more advanced stages occur in other
species, thus leading to Glyptocystis. Homocystss, Barrande (1877), Ordo-
vician and Silurian, Bohemia, resembles Cheirocrinus in the shape of the
theca, the number of pectinirhombs, and the position of the anus. The
material does not permit more precise comparison. Glyptocystis, Billings
(1854 and 1858), Ordovician, Canada. Theca ovoid (Fig. XXXIIL). Anal
area less large than in Cheiro-
crinus, enclosed by 8, 13, and 14.
Plate 16 sunk on to 5, as in C.
penniger ; thus 11 is pushed to
the right, and both 11 and 12
are reduced in size. Pectini-
rhombs 1 & 5,1 & 6, 10 & 14,
10 & 15, 13 & 17, 15 & 16, 16
& 17, 17 & 18, 18 & 19 ; demi-
rhomb 10 & 16; imperfect
rhombs, 7 & 8, 11 & 12, 15 &
Fre. XXXIII 19. Main grooves five, passing

Analysis of G’lyptoc%stif3 :mylti;fmms, modified from over the theca, by way of pla.tes

. Billings.

15-19 ; all nearly reach the base

except anterior groove, which is checked by pectinirhomb 10 & 15.
The resemblance of the grooves to those of Callocystinae suggests that
that sub-family was derived from Glyptocystis itself ; but this is nega-
tived by the different modification of the thecal plates. Pleurocystis,
Billings (1854 and 1858), Ordovician, N. America and Britain (Fig.
XXXIV.). Anal area so large as to occupy almost all one side of the theca
with its numerous small plates, the anus being at lower right-hand
corner of the area, which is bordered by plates 3, 2, 7, 12, 13, 14, 8.
Correlated with this is a flattening of the theca in 1 post. and r.
ant. plane, the atrophy of all main grooves except the two in that
plane, great diminution in size of plates 15-19, as well as 13. Pectini-
rhombs 1 & 5, 11 & 12, 10 & 14; the two latter are analogous
to, not homogenetic with, pectinirhombs 12 & 18, 14 & 15, in
Callocystinae. Each main groove ends in a siugle long and sturdy
brachiole, of the usual biserial structure, with stout covering-plates.
The stem is longer than usual in the family. The curious homo-
plastic resemblance to the Amomalocystidae (p. 52) led Haeckel to
place Pleurocystvs in that family, though it differs in every essential
structure.  Cystoblastus, Volborth (1867 and 1870), Ordovician, Russia
(Fig. XXXV.). Imagine a Cheirocrinus in which plates 10, 11, 12,
and 14 are still further pushed up between those of the fourth circlet
than they are in C. Volborthi, in which plate 13 has entirely dis-
appeared so as to compensate for the asymmetry induced by the
anus ; in which the arm-grooves, of the usual structure, are stretched well
into plates 15-19 and limited to those plates, as in C. sculptus: then you
will have such a forin as Cystoblastus. It need only be added that the
anus is surrounded by plates 8, 14, and 19 ; and that pectinirhombs
1& 5,and 1 & 6 remain as before, while demi-rhombs unite the plates
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_—

which now form the third circlet, viz. in order, 14, 15, 10, 16, 11, 17,
12, 18, 19. The superficial resemblance of Cystoblastus to certain

Blgstoids has led most
writers to imagine a true
relationship. This involves
the entire disappearance
of plates 5-9 ; the homolo-
gising of the plates here
called 10, 11, 12, and 14,
as well as the absent 13,
with plates 20-24, and the
consequent  disappearance
of plates 10-14 also; the
violent supposition that
the horizontal transverse
or tangential folds of the
demi-rhombs in Cystoblastus
originated the radial or
vertical folds of the hydro-
spires in Codaster; as well
as such minor points as
the shifting of both anus
and hydropore, and the
fusion of two pair of basals,
neither of them the same
pair as composes plate 3 of
Cystoblastus.

The structures of the
subvective grooves in the
more highly specialised
genera of this family have
often been spoken of as
“recumbent arms.” They
differ, however, from the
arms of Crinoidea in origin
aswell asrecumbency. From
the subvective structures of
Glyptosphaeridae and Pro-
toblastoidea, they differ
in that the brachioliferous
plates are not thecal plates
or even intercalated be-
tween such plates, but lie
outside them and often
transgress their sutures.

Faminy 7. CARYOCRIN-
pAE. Rhombifera in which

ST

225, Q2 20
210%5@@ ':* é

Fig. XXXIV.

Pleurocystis  filitex-
tus. 1, analysis; 2,
view from antanal
side, restored from
original observations ;
3, view from anal side,
after Jaekel.

the theca is composed primitively of four circlets of plates, comparable to
the infrabasal (IB), basal (B), radial (R), and deltoid (Q) circlets of a crinoid

5
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with dicyclic base (p. 99), and dominated by trimerous symmetry. IBB 4,
the two on either side the anal interradius apparently being produced by
fusion of two original pairs. BB 6 (ten in Heterocystis). Alternating with
BB are 6 RR, between which, on the anterior side of the cup, two or three
interradials (iR) may be developed. (In Heterocystis the iRR also alter-
nate with the BB.) On the interior of all these plates the stereom is
thrown into strong folds, forming bundles of laminae at right angles to
the sutures; on the exterior the ends of the folds are marked by pores,
each surrounded as a rule by a raised rim, and sometimes broken up into
two or more smaller pores. Since the laminae correspond in position and

AS

Fia. XXXV.

Cystoblastus Leuchtenbergi, after Volborth. 1, oral surface; 2, posterior : 8, aboral surface;
4, analysis ; s.p, plates flooring arm-grooves; O, mouth; 4s, anus, the position of which is
indicated by *in 1; M, hydropore between 18 & 19; St’, attachment of stem.

essential structure to ordinary pore-rhombs, the pores necessarily run in
lines from the umbones to the angles of each plate (Fig. XXXVI. 3, 4) ; these
structures may have helped in respiration ; but are in no sense homo-
logous with Blastoid hydrospires. The three primitive food-grooves (ant.,
r. and 1) are of equal size and bifurcate in like manner. The proximal
portion tends to be hypothecal ; then a short portion lies on the theca
like the “recumbent arms” of the Glyptocystidae ; the distal portion is
freely exothecal, biserial, and brachioliferous. Stem well developed,
circular in section. Genera— Hemicosmates, von Buch (1840, redescribed
1845 ; see also Joh. Miiller, 1854 ; syn. Hexalacystis, Haeckel), Lower to
Upper Ordovician, Russia, and perhaps Silurian, N. America. Com-
paring the dorsal cup (Fig. XXXVI. 3) with a crinoid cup, we may
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lmagine the anterior radius to be doubled, concurrently with the
b'lfurca.tlon- of the anterior arm, and may therefore speak of the left and
right anterior RR and IBB and the anterior B, while the other plates
retain their usual names. The three iRR rest on the truncated upper
margins of the anterior and right and left antero-lateral BB, and are half
the w1‘dth. of the RR, but quite as high. The anus, with valvular
pyramid, is left of the posterior interradius, being in fact below L post.
RZ a.nd.between L post. and post. BB. The tegmen is solidly covered
with nine plates alternating with the nine plates of the radial circlet
(Fig. XXXVI. 1). These plates have no pores like those of the dorsal
cup (but the posterior one is rugose at its adoral end, and appears to have
been pierced by a hydropore). From the central mouth three food-
grooves run over these plates towards the anterior and the right and left
antero-lateral RR. The mouth and grooves are protected by relatively
large irregular covering-plates. At the end of each groove is an oval
area over which passed the base of a biserial arm, which became free alinost
immediately. Caryocrinus, Say (1825, see von Buch, 1845, and Hall, 1852;
synn. Strebalocystis, S. A. Miller; Enneacystis, Haeckel), Upper Ordovician,
Scandinavia, and Silurian, N. America. Dorsal cup (Fig. XXXVT. 4) differs
from that of Hemicosmztes only in absence of anterior iR, and of anus, the
latter having moved up to the tegmen. The covering-plates of the food-
grooves have become larger and incorporated in the tegmen (Fig. XXXVTI. 2),
so that the grooves are subtegminal (cf. Crinoidea Camerata); but
end in facets on the margins of the RR and iRR. Since the grooves
branch while beneath the tegmen, these facets are more than three, though
still distributed into a left, right, and anterior group. In the growth of
the individual, Hall has noticed successive stages with from three to
fourteen facets ; six and nine are fairly common, but for adults thirteen
is the usual number, the thirteenth being added on the right of the anus.
Hall describes the arms as composed proximally of “semicircular, and
scarcely interlocking” ossicles ; distally the brachials alternate so that
the arm is biserial. Each brachial bears a grooved pinnule, perhaps also
biserial. In Corylocrinus and Juglandocrinus (both von Koenen, 1886),
Upper Ordovician, South France, the composition of the dorsal cup (Fig.
XXXVI. 6) is the same as in Caryocrtnus. The tegmen of Corylocrinus
is composed of four plates, of which the right, left, and anterior bear arm
facets, apparently as in Hemicosmites ; the posterior tegminal plate is very
thick and porous (a madreporite). In Juglandocrinus (Fig. XXXVI. 5), as
in a young Caryocrinus, the food-grooves are subtegmina}, and come to the
surface on the upper margins of three large plates, which are right, left,
and anterior in position, and alternate with three smaller plates. These
six plates exactly correspond to the tegminal plate's of Hemicosmates; a
central plate over the mouth, and three plates covering the fon-grooves,
represent the covering-plates of that genus. This interpretation of von
Koenen’s obscure genera was partly suggested by P. H. (f‘arpente‘r (1891).
An anus was doubtless present, though‘not observed in the imperfect
specimens. Heterocystis, Hall (1852), Silurian, New York (Fig. XXX VL. 7),
appears to have been derived from Hemicosmites by the vertlcall bisection of
4 BB (viz. r.post, r.ant.-lat, ant, 1 ant.-lat.), thus producing 10 BB ;
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Fic. XXXVI.

Caryocrinidae. 1, tegmen
of Hemicosmites, x§; the
plates covering the mouth
are removed. (From Brit.
Mus. E7591.) 2, tegmen of
Caryocrinus, x2. (Modified
from P. H. Carpenter.) 38,
analysis of Hemicosmites.
(Original.) 4, analysis of Ca-
ryocrinus (based on various
figures). 5, tegmen, and 6,
analysis, of Juglandocrinus
(based on von Koenen's
figures). 7, analysis of He-
teracystis (based on Hall’s
figures).

The three primitive rays
are distinguished as ant., r.,
and l. The four circlets are
marked IB, B, R, & 1" (teg-
minals). Among the teg-
minals, that marked M is
connected with the hydro-
pore. DPlates intercalated
in R circlet are marked iL ;
Br', facets for brachioles.
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the corresponding broadening of 1. ant. B; 'the sinking of the 6 RR,
and 3 _133, S0 as to alternate with the 10 BB, except in posterior
IR, which is entirely occupied by anal plates; the repeated bifurcation
of t‘he arms, as in Caryocrinus, but probably to a greater extent, accom-
panied by an increase in number of tegminal and accessory plates, the
arrangement of which is unknown. Stereom-folds are visible. Thecal
plates nodose (cf. Hemyicosmites), hence the name of H. armatus given to
the only specimen known.

Throughout this family there is no strict correlation between the arms
and the cup-plates. There is in both structures a dominance of the
number three or six, it is true ; but each arm has not its own radial plate
supporting it, as in Crinoidea. Indeed, an arm may be borne by a plate
that, on all other grounds, would be considered as interradial. Moreover,
the trend of evolution in the family is parallel to the probable evolution
of early Camerata, rather than towards that or any other Crinoid type.

ORDER 3. Aporita, Zittel (1879, restr.)

Cystidea in which pentamerous symmetry affects the food-
grooves and thecal plates, probably also the nerves and ambulacral
vessels, but not the gonads. The food-grooves are exothecal and
circumoral. The stereom and stroma show no trace of folds,
rhombs, diplopores, or anything other than the finely porous
structure characteristic of all Echinoderm stereom.

One may regard this order as a backwater in the stream of pro-
gress, derived perhaps from the Rhombiferi, but leading nowhere
in particular, and only retained because the forms referred to it
cannot be placed elsewhere. The arrangement of the thecal plates,
and a homoplastic resemblance to Hypocrinus (p. 178), have sug-
gested to some a connection with the Crinoidea.

There is only one family, the CRYPTOCRINIDAE, and in it the thecal
plates are arranged in four circlets. Cryptocrinus, von Buch (1840 and 1845),
Ordovician, Russia (Fig. XXXVIL.). Theca small, irregularly spheroidal,
composed of four circlets of plates. Aboral circlet of three unequal plates,
produced by fusion of an original five, the .afused plate being in right
anterior interradius. Above these is a circlet of five rather large hexagonal
plates, following on and alternating with which are five _smallgr sub-
pentagonal plates. These surround an irregular pentagon in which are
the minute plates of the fourth circlet, and other small tegminal plates.
Five main food-grooves lead from the mouth to facets borne by these
adoral plates. The free brachioles rising from the facets must have been'
slender. The anus, with valvular pyramid, lies between two _p]ates of
the third circlet, either supported on a plate of the second circlet, or
separated therefrom by a small supplementa;‘y plate. '.l‘he hydropore
appears to have been in the adoral plate op.p0s1te the anterior food-'g?oove,
and left of the anus, which therefore occupies much the same position as
in Glyptocystidae. Another pore, perhaps excretory, lay in the adoral
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plate on the left, that is, opposite the anus. There was a slender stem
of circular columnals. Lysocystis, S. A. Miller (1889, proposed for Echino-
cystts, Hall nom Wyville Thomson ; syn. Scolocystis, Gregory, 1897),
Silurian, N. America. Theca sub-pentagonal, composed of four circlets of
plates. Aboral circlet of four (%) small plates, followed by two circlets of
five plates each, regularly alternating, and an adoral circlet, number un-
known. Apparently three free brachioles, possibly becoming five by the
usual bifurcation. Anus at adjacent upper angles of two plates of third
circlet. In the only known species the plates of second and third circlets
were strongly nodose. Stem unknown.

Fre. XXXVII.

Cryptocrinus. 1, from oral surface; 2, enlarged view of oral region, the tegminal plates
removed ; 3, aboral view; 4, side view. (All diagrammatised from Jaekel.) A4s, anus; Br,
facets for brachioles ; M, hydropore ; p, another pore; St', facet for stem.

OrDER 4. Diploporita, Zittel (1879, emend.)

Cystidea in which radial symmetry affects the food-grooves,
and by degrees the thecal plates connected therewith, but not the
interradial thecal plates ; probably also the nerves and ambulacral
vessels, but not the gonads. The food-grooves are epithecal, z.e.
are extended over the thecal plates themselves without intermedi-
ate flooring ; they are also prolonged on to exothecal brachioles,
which line the epithecal grooves. The stereom of the thecal plates
may be thrown into folds, but the mesostroma does not so much
tend to lie in strands traversing the sutures, nor are pectinirhombs
or ‘“porerhombs” developed; diplopures are always present in
the mesostereom, but often restricted to definite tracts or plates,
especially in higher forms.

‘While some descendants of the Aristocystidae were seeking in
vain to perpetuate their race by assuming the flattened carapace
of Anomalocystidae, and while others, becoming more reconciled
to a sedentary life, were stretching out from their mouths longer
and longer arms into the food-bearing sea, raising themselves too
on loftier columns, there were yet others that hit upon another
way of meeting the needs of a fixed existence. The chief need
was to expose food-collecting surface in greater amount and over a
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wider area. The way found was to stretch ciliated grooves from

the mouth over the surface of the theca, and then to raise them on
armlets or brachiola placed at fit intervals. At the same time,
th.e hydrocoel, it may be inferred from its constant connection
with such grooves, sent out branches corresponding with the food-
grooves ; from these branches were given off the podia, serving
for both respiration and the prehension of food. This wandering
of the brachiola away from the mouth marks then the develop-
ment of two structures previously unknown among Echinoderms :
(1) canals radiating from the hydrocoel along the theca ; (2) an
intrabrachial, circumoral, or ventral region of the theca, such as
in Crinoids is called the tegmen. These two structures, in one
form or another, characterise all Echinoderma other than Amphor-
idea and a few Rhombiferi. But it seems that they were inde-
pendently developed along many lines. What in the Crinoidea
is a mere ‘“tegmen” or pot-lid, comes in @lyptosphaera, in the
Edrioasteroidea, and in the Echinoidea, to form the greater part of
the test; and with it the perradial ambulacral vessels extend;
whereas the theca of Aristocystidae, which in Crinoidea becomes the
specialised and important calyx or dorsal cup, is in the other orders
more and more reduced until in some cases no more of it can be re-
cognised than the plates of the anal pyramid or their homologues.
Another structure characterising this order, viz. diplopores (p. 41),
may possibly have assisted respiration by bringing lacunar blood-
vessels into closer contact with the sea-water ; this may have been
connected with a less development of podia. The functions of
diplopores have not as yet been satisfactorily explained by reference
to recent Echinoderms.

FaMiLy 1. SPHAERONIDAE. Primitive Diploporita, in which the food-
grooves do not extend from the mouth beyond the adoral circlet of plates.
Diplopores diffuse. The included genera show the early stages of tegminal
and ambulacral development ; in none of them does more than a single
cycle of plates intervene between the oral pole and the bases of the
brachiola. The five plates forming the cycle are interradially placed,
being separated by the grooves proceedin.g,r from the mouth to the brachioles.
The direction of these grooves 18 primitlve-ly the same as that of the food-
grooves in Echinosphaera, viz. one anterior, opposed to the anus, two
lateral, each of which soon branches, thus makmg.;'ﬁve grooves in all,
with bilateral symmetry. Thus t}}e shape and position of the five inter-
vening plates are those characteristic of true orals (see p. 124). Genera—
Sphaeronss, Hisinger (1828 and 1837); the name i proposed to replace
Echinosphaera of Wahlenberg (1818) f:or no assigned reason, but was
restricted to forms agreeing with Echmu:s pomum, Gyllen}lal, by Joh.
Miiller (1854). The species referred to this genus by Angelm (1878) are
all Ordovician, and agree’in the following characters (Fig. XXXVII'I.) —_
A spheroid or ovoid theca, sessile on a .broa'd base, composed of irregu-
lar plates, the mesostereom of which is pierced by regularly formed
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diplopores ; the anus close
small hydropore, perhaps

Fio. XXXVI
Sphaeronis globulus, after Angel

size; 2, tegmen, enlarged.

and four brachiola to

to the peristome, and with a valvular pyramid ;
combined with gonopore, between mouth and
anus, to the left ; five orals
separated by food-grooves
with primitive bilateral
arrangement. The various
species may be arranged
in groups, according to
the number of times the
grooves branch, and the
number of brachiola given
off from them. Haeckel
(1896) has sought to separ-
iy ate as genera (Pomonates,
in. 1, from side, nat.  Pomocystis,  Pomosphaera)
those with one, two, three,
each ray; but until Angelin’s notoriously

inaccurate figures shall have been corrected by observation instead
of by hypothesis, these names can rest on no sure ground. Moreover,

Lovén’s figure of the type-
species, S. pomum, repro-
duced in our Fig. XXXIX,,
shows that the number of
branches visible may be
two, three, or four in a
single individual. Eu-
cystts, Angelin (1878), Or-
dovician, Sweden (Fig.
XL.), sends its grooves
farther down the theca
than Sphaeronts, over one
or two circlets of thecal
plates. From the distal
end of each ray a brachiole
was given off, while others
of uncertain number and
position arose along the
side of the grooves. Prob-
ably some of the forms
described by S. A. Miller
as Holocystites should be
placed here (e.g. Tremato-
cystis, Jaekel), although
their orals are not known.
H. gyrinus, Miller & Gurley
(1894), presents a stage in
the development of food-

Fic. XXXIX.

Adoral region of Sphaeronis pomum (from Lovén, ‘“Om

Leskia mirabilis,” Ofv. Vet.-Aked. Forhandl. 1867, p. 434).
0, orals covering mouth ; vg, section of food-groove running
from mouth to Br', brachiole-facets, some of which are pierced
by an axial canal; As, plates closing over anus; G, pro-
minence with two pores, which Lovén considered gono-
pores; M, ridge which Lovén thought might indicate a
madreporite (or G may represent combined gonopore and
hiydropore); diplopores surround the whole area.

grooves that in some respects is more advanced, although the peristomial
plates have no regular arrangement (Fig. XLIL).  Allocystis, Miller (1889),
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Siluri :

Di:cl;]rflilal,;l I}r;d;lana,. may go here. . Proteocystis, Barrande (1887), Lower

regular b ;an 0h emia (Fig. XLL), differs from Sphaeronss mainly in the ir-

ey Whet(il ing of the food-grooyes, which stretch farther over the theca,

cann?)t Ho b er t.he tegmen ever coptained more than one cycle of plates
e 3 erm.med from the published figures. Apparently the hydro-

g 5 rmed a slit _between_ the small gonopore and the mouth ; and the
ase, broader than in Sphaeronss, is said to have been prolonged into a stem.

Fia. XLIIL
. Mouth aud food-
Fro. XL Fia. XLL grooves of ‘* Holo-
] paLies . . Proteocystis flavo, oral sur- cystites ' qyrinus,
Eucystis raripunctata, oral surface, face, slightly restored from after Miller & Gur-

after Angelin, enlarged. Barrande, enlarced. ley.

Its geological age forbids us to regard Proteocystis as a link between Sphae-
ronitidae and Glyptosphaeridae, but it certainly has points of likeness to
the latter family. Carpocystis, Oehlert (1887), Lower Devonian, W. France,
is a simple spheroid with large stem-attachment. Palmacystis, Haeckel
(1896), Archegocystis, & Codiacystis, Jaekel (1899), are forms with the
epithecal branched food-groo‘ves, described by Barrande as hydrophores
palmées of Pirocystis, Craterina, & Aristocystis.

Fayiry 2. GLYPTOSPHAERIDAE. Diploporita in which the food-grooves
extend over the theca well beyond the adoral circlet, and irregularly
transgress the sutures between the
thecal plates. Diplopores diffuse.
These represent a further advance
on the type of structure originated
in Sphaeronitidae. ~ Genera-—
Qlyptosphaera, J. Miller (1 854),
Ordovician, Baltic countries (Fig.
XLIIL), has for type the species
first figured by the Duke of
Leuchtenberg (1843), and dis-
tinguished by Volborth (1846) as
Sphaeronates Leuchtenbergi. ~ The
spherical theca, reaching a diameter
of 7 cm., and larger than any other
cystid, is composed of irregularly
O i polygonal plates, bearing CUPeiorg I s ooy ot

diplopores. The mouth is covered
by five orals (O) with characteristic bilateral symmetry, and from between

shem the anterior unpaired, and lateral paired, grooves radiate about

Fic. XLIIL
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half-way over the theca, crossing the sutures of the plates, and giving off
short branches on either side, or sometimes on one side only, at irregular
intervals. At the ends of the branches are facets (Br') for the support
of brachioles. The grooves are shallow and have minute covering-plates.
The anus (4s), of which the valvular pyramid is rarely preserved, lies about
a third of the way down the theca ; between it and the mouth are two
openings, a little to the left, viz. a small round gonopore (@) and a madreporite
(M). The latter, the representative of the hydropore, is always close to
the first brachiole-facet of the left posterior groove, at the junction of three
plates ; it consists of folds (slits ?) running at right angles to the sutures,
and is bounded by a slight ridge forming a triangle or trapezoid. According
to Volborth, there was at the aboral pole a stem, {% to0 3 width of theca,
with a wide lumen, and low columnals with five longitudinal sutures, and
with encrusting root-expansion. Eichwald, however, could not find more
than a short conjcal extension of the theca, and this agrees better with
the appearances of specimens sent by Volborth to the British Museum.
Fungocystis, Barrande (1887), Ordovician, Bohemia (Fig. XLIV.), differs
from Glyptosphaera in the broad base,
hollowed for attachment to some marine
object, and forming an angle with the long
axis of the theca; the paucity of diplo-
pores ; and the regular alternation of the
groove branches, making each groove a zig-
zag. The test itself is not preserved ; the
internal casts show no sign of the external
grooves and brachioles; but they show
between anus and mouth a curved eleva-
tion (madreporite 9.

FauiLy 3. ProTocRINIDAE. Diploporita
in which the food-grooves extend over the
theca almost to the aboral pole, and are
regularly bordered by alternating thecal
plates (‘““adambulacrals”), on which are
stpockngocystis - rarissima,  xecon the brachiole-facets. Diplopores diffuse or
Barrande’s figures ; enlarged. confined to adambulacrals, from which they

are never absent. These represent a further
advance in precisely the same direction as previous fainilies. Genera—
Protocrinus, Eichwald (1840), Ordovician, Russia (Fig. XLV.), was well
described by Volborth (1846). Theca spheroidal or ovoid, attached by
a stem in the young, but free in old age and losing all traces of attach-
ment (cf. Lichenoides). Thecal plates larger, stouter, and more swollen
than in Glyptosphaera ; all bear diplopores, which may become somewhat
at right angles to main food-groove, on the adambulacrals. The main
grooves are rather straighter than in Glyptosphaera, lying regularly between
large alternating thecal plates (adambulacrals), each of which bears a
brachiole, except one or two of the proximal ones on the side towards the
direction of the clock-hands. Hydropore minute,above anus. Proteroblastus,
Jaekel (1895; syn. Dactylocystis, 1899), Ordovician, Russia (Fig. XLVL).
Theca ovoid, sometimes prolonged gradually into a stem (cf. Dendrocystis).

Fia. XLIV.
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Thecal plates clearly differentiated into: (@) smooth, irregular, and
d‘{Pressed interambulacrals; (b) transversely elongate adambulacrals.
Diplopores at right angles to main food-groove, and confined to inner

Fig. XLV.

Protocrinus oviformis, after Volborth. 1, oral surface, showing food-grooves partly covered
by ambulacrals, x §; 2, aboral surface of young individual, showing stem-attachment; 3,
aboral surface of old individual, without stem.

portions of adambulacrals. Each adambulacral bears a brachiole-facet ;
there are about thirty-six in each ray.

Famiry 4. MEsocysTIDAE. Diploporita in which the food-grooves
extend over the theca almost to the aboral pole, and are regularly
bordered by alternating brachioliferous adambulacrals, raised above and
outside the adjacent interambulacrals. Diplopores confined to' inter-
ambulacrals. Five interradial deltoids (Q) sur-
round the peristome. In this family we reach
the final stage of the Diploporita, although a
branch parallel with the Mesocystidae passes on
in the direction of the Eublastoidea, beyond the
boundary of the Cystidea. Genera— Mesocystis,
Bather (Jan. 1898, = Mesites, Hoffmann, 1866 ;
Nikitin, 1877 ; Agelacrinus, Schmidt, 1874),
Ordovician, Esthonia. Theca (Fig. XLVIL 1)
simulates that of a regular echinoid, or still more,
Edrioaster, since the mouth is on the upper
surface ; from it narrow food-grooves, protected
by covering-plates, pass straight down to the eroemres showing

margin of the flattened aboral surface (Fig. <rokro (Br), food-grooves

mbulacrals raised above the (4mb) bordered by adambu-
XLVIL 2). Ada lacrals, and interambulacrals

general surface of the theca, by the pushing in g Ay, After Jackel,
under them of the adjacent interambulacrals ;

thus they outwardly resemble the s'ub-ambulacrals or side-plates of
Callocystinae (Fig. XLVIL 3). The interambulacrals do not, however,
absolutely meet underneath the adambulacrals, but leave an irregular

Fic. XLVIL
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canal (which may have contained a nerve of the aboral nerve-system).
Interambulacrals numerous and irregular, all pierced by diplopores.
Mouth lies in a depression (cf. Edrioaster) ; surrounded by five interradial,
slightly forked A, apparently continuous with the adambulacrals, and
homologous with the five plates similarly situated in Sphaeronis. Posterior
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Fie. XLVIL

Mesocystis Pusirefskii. 1, general form, restored after Hoffinann and Nikitin, 2, oral sur-
face, after Hoflmann, enlarged ; the deltoids are not clearly shown. 8, structure of the adoral
end of a food-groove, modified from Jaekel ; the covering-plates removed from the lower right-
hand part; much enlarged. 4, transverse section of a food-groove, after Jaekel. 4s, anus;
adAmb, adambulacrals or side-plates (s.p); cp, covering-plates or ambulacrals; Br, dotted
outlines of brachioles, borne by B, brachiole-facet ; fg, food-groove ; iAmb, interambulacrals,
;O)iercedt}t’)y diplopores (p); M, supposed hydropores, probably only due to a boring parasite:

, mouth.

A pierced by hydropore (and ? gonopore). Anal pyramid in upper part of
posterior interambulacrum. Aboral surface of theca composed of numerous
small plates, but the structure of its central region is still unknown.
Faminy 5. GovprocysTipaE. Diploporita in which extension of food-
collecting surface is provided by the curving of the five main grooves
around the theca and not by their prolongation on to brachioles.
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Gomphocystis, Hall (1864), Silurian, N. America and Gotland (Fig.
XLVIIL). Theca flattened above, greatly
elongate.below, composed of many irregular
plates, pierced by diplopores. From a central
mouth five food - grooves radiate over the
theca, curving sinistrally around the upper
part, and occasionally descending a short dis-
tance on the stem-like base. Covering-plates "
often strongly developed, and grooves lowered :
beneath thecal surface. Jaekel (1895) states '
that small side-grooves, but no brachioles, ;
occur in a Gotland species. Anus close to ;
mouth, in an interradius. Attachment ap- As
pears to have been by the base, as in Aristo-
cystis. The curving of the food-grooves and the
asserted absence of brachioles cause Gompho- Fra. XLVIIL.
cystis to resemble many Edrioasteroidea. But _ Gomphocystis tenar, from above
showing course of food-grooves,
the structure of the grooves seems to be that and from side with outlines of
which obtains in Diploporita, while the g&%ﬁsﬁgﬁfv" ;g}y in upper part.
presence of marked diplopores confirms the
reference to that order. In any case the family is out of the main line
of evolution.

APPENDIX TO CYSTIDEA.

The following names have been supposed to rcfer to Cystids :—

Ascocystis, Barr., probably a Camerate Crinoid.

Balanocystis, Barr., indetcrminable.

Camarocrinus, Hall (syn. Lobolithus, Barr.), root of a Crinoid (Scyplocrinus,
apud Jaekel).

Cardiocystis, Barr., indeterminable.

Crinocystis, Hall, probably a Camerate Crinoid.

Cyclocrinus, Eiehwald (Pasccolus, Billings), now regarded as calcareous Algae ;
at any rate not Echinoderms.

Cystidea, a name used by Barrandc for any indeterminable fragment, and not
intended as a zoological genus.

Dictyocrinus, Conrad, is a Receptaculite.

Hyponome, Lovén, the ejected viseera and disc of an 4ntedon.

Hypocrinus, Beyrich, an Inadunate Crinoid (see p. 178).

Lichenocrinus, Hall, the root of a Pelmatozoan (see p. 133).

Mespilocystis, Barr., probably Stephanocrinus (see p. 96).

Neocystis, Barr., probably the root of a Pelinatozoan.

Porocrinus, an Inadunate Crinoid (see p. 172).

Rhombifera mira, Barr., is a Stephanocrinus (see p. 96).

A fairly complete Bibliography of the Cystidea was given in—

Barrande, J., 1887. Systéme Silurien du eentre de la Bohéme, 1r® Partie:
Recherehes Paléontologiques. Vol. VII. Classe des Echinodermes. Ordre
des Cystidées, 4to, xvii. and 232 pp., xxxix. pls. Prague.

The literature is so interwoven with that of Crinoidea and Blastoidea, that

other references are reserved for the list at the end of Pelmatozoa (p. 211).



CHAPTER X.

THE BLASTOIDEA.!

CLASS II. BLASTOIDEA, Say (1825, sensu extenso).

GRADE A. Protoblastoidea.
B. Eublastoidea.

b2J

PELMATOZOA in which five (by atrophy four) epithecal ciliated
grooves, lying on a lancet-shaped plate (% always), radiate from a
central peristome between five interradial deltoid plates (A), and
are edged by alternating side-plates bearing brachioles, to which side-
branches pass from the grooves. Grooves and peristome protected
by small plates, which can open over the grooves. The generative
organs and coelom probably did not send extensions along the rays
into the brachioles ; but apparently nerves from the aboral centre,
after passing through the thecal plates, met in a circumoral ring,
from which branches passed into the plate under the main food-
grooves, and thence supplied the brachioles. The thecal plates,
however irregular in some species, always show defined basals (B)
and a distinct plate (‘“radial,” R) at the end of each ambulacrum ;
they are in all cases so far affected by pentamerous symmetry
that their sutures never cross the ambulacra.?

The more primitive of these forms can hardly be distinguished
from their immediate ancestors among the Cystids, such as Pro
teroblastus and Mesocystis, except by the more developed basals and
radials ; and it is this greater intimacy of correlation between
ambulacral and thecal structures that necessitates their removal
from the class Cystidea as here defined. Those general relations
of the ambulacra to the theca, shared by Blastoidea with Diplo-
porita, serve to distinguish them from the Callocystinae, with
which some of the genera have been allied by naturalists. To
these characters may be added the presence of diplopores, which
are still to be found in the most primitive genus. From the

! By F. A, Bather, M.A,
2 The term “ambulacrum’ has been loosely used in the Blastoidea for the

thecal elements connected with the food-groove. * Pseudambulacrum '’ is more
correct and more cumbrous. The relations of the true ambulacral system are doubtful.
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Egg‘ézszster;)idea they are separated by the presence of brachioles and
avser e of ambulacral pores. Their line of evolution, though in
teroidl(‘;:,‘spects .pgrallel to those of the Callocystinae and Edrioas-
>3, Was independently derived through the Di 1

b Sl Amphoridea,y gh the Diploporita from

Within the class. itself may be traced the increase of penta-
merism, combmed. with a lessening in number of the thecal plates
until a very definite arrangement is reached. At the same time,
there is a concentration of semi-porous structures into the inter-

Fic. 1.

Asteroblastus. 1, oral surface of 4. stellatus: not quite correct, as anal area is not shown.
2, side view of A. Volborthi. DBoth figures adapted from Sclunidt, and X 2 diam. ambd, so-
called ambulacrun ; br, brachioles, supported on b7/, brachiole-facets ; f.q, food-groove; pp,
pore-plate, at adoral end of which is deltoid; R, radial, at end of anibulacrum ; St, stem.

ambulacral region, and the evolution therefrom of elaborate
respiratory organs (hydrospires); this is probably connected with
the fact that all external connection with the water-ring (by means
of a madreporite or hydropore) seems t0 have disappeared in the
more specialised forms, and that, if the negative results of rasearch
may be trusted, there were no extensions of the water-vascular
system into the brachioles.

A somewhat arbitrary line may be drawn below forms that
have acquired the normal definite number of plates and the
hydrospire-folds hanging far into the thecal cavity ; and while
such forms constitute a grade Eublastoidea or Blastoidea sensw
stricto, those below the line are Protoblastoidea.

GrADE A. Protoblastoidea, Bather (1899).

Blastoidea without interambulacral groups of hydrospire-folds
hanging into the thecal cavity.
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FamiLy 1. ASTEROBLASTIDAE. Protoblastoidea with an indefinite
number of thecal plates, bearing diplopores, and with a pore-plate adjacent
to, but distinct from, the deltoid in each interambulacrum. Genus—
Asteroblastus, Eichwald (1862), emend. Schmidt (1874), Ordovician, Russia
(Fig. 1.). Theca pentagonal, on a relatively small round stem ; its hemi-
spherical dorsal portion is composed of 4 BB and 5 RR, between which are
from twenty-five (4. Volborthi) to fifty (A. stellatus, type-sp.) polygonal
plates ; all plates have radiating ribs (“axial folds”), between which are
diplopores. Round the mouth are 5 A, between which food-grooves
pass to the ambulacra. Each ambulacrumn consists of two rows of side-
plates (adambulacrals), set alternately on either side of the food-groove,
branches from which run to right and left between adjacent side-plates.
Any underlying plate there may be is entirely covered by the side-plates.
At the ends of the grooves are sockets, by which uniserial brachioles were
attached to the side-plates. Grooves down the brachioles joined the food-
grooves of the ray, and all probably were covered with small alternating
plates (ambulacrals). Adjoining each A and
separating the adjacent ambulacra, is a large
diplopore-bearing plate ; in 4. tuberculatus
this is much like other plates of the theca
(on which ground Haeckel has separated the
species as Asterocystis, Fig. 1I.); but in A.
stellatus and A. Volborthi it is enlarged, has
a pronounced median crest, and is almost
separated by the ambulacra from the ordinary

Fic. IL thecal plates. [The anus appears to have

Portion of the oral surface of been at the distal end of this * pore plate- p2
;fts‘u:””x“‘?c‘ﬁbgé‘éﬁtgg‘l’ggfégéﬁg;ﬁ in one of the interambulacra, which is wider
ing the peristome; s.p, side-plates than the others] FamiLy 2. Brasrorpo-
3:%?;.’?}) ?}xat‘%glgchg:g:slit;gﬁigs CRINIDAE. Protoblastoidea with a definite
number of thecal plates, without diplopores,

and without distinct pore-plate. Genus— Blastoidocrinus, E. Billings
(1859), Canadian, and Schmidt (1874), Russian, Ordovician, is only
known from 1mperfect specimens, so that only the following details can
be given (Fig. III):—The small round stem is inserted into a consider
ably invaginated base, as is the case in several crinoids. BB, at least 3.
RR, 5, not notched for reception of ambulacra, but with truncate upper
margin ; they support 5 large mterradlally situate A. Each A consists of
two parts: an orad, subtriangular piece, like that called deltoid in Astero-
blastus, and a lower, triangular piece corresspondmmr to the pore-plate in
Asteroblastus ; the connection between the two parts is still slight ; indeed,
in Canada the orad portions are often fused with one another into a pen-
tagonal frame. The lower portions show a marked striation, due to stroma
strands, at right angles to the radio-deltoid suture, and on the sutural
edge the stereom is thrown into folds (incipient ‘“hydrospires”) which,
however, have not been observed to pass into the RR. The food-grooves
pass out between the A ; the lancet-platp supporting them is covered by
alternating side-plates, whlch receive branches from the main groove, and
are prov1ded with a clear brachiole-facet ; the remains of brachioles are
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gfli‘escgved, a8 in Asteroblustus and many Eublastoids. These known facts
3 01‘1 no charactier, other than the less development of the hydrospires,
¥ which Blastoidocrinus should be separated from the Eublastoidea, so

1 Fig. 111, 2

Blastoidocrinus carchariaedens ; restored on the evidence of E. Billings. 1, oral surface; 3
ays show the side-plates (sp) with their facets for brachioles (b) ; 1 ray shows the brachioles
(br) attached ; the 5th ray shows lancet-plate (L) exposed by removal of side-plates. 2, from
the side ; the upward extension of the stemn (St) and the invaginated basals (B) are indicated by
dotted lines. &, incipient hydrospires.

long as that order includes such a form as Codaster. But till the structure
of the base and the position of the anus are known, the genus may be
kept with its rather more primitive allies, Asteroblastus and Asterocystis.

GRADE B. Eublastoidea, Bather (1899).
(=BLASTOIDEA, Auctt.).

Blastoidea in which the thecal plates have assumed a definite
number and position in three circlets, as follows:—3 BB, 2 large
(formed by fusion of two pairs of the primitive 5 BB) and 1 small,
in r. ant. IR; 5 RR, often fork-shaped, forming a closed circlet ;
5 A, interradial in position, supported on the shoulders or the pro-
cesses of the RR, and often surrounding the peristome with their
oral ends. The stereom of the RR and A on either side of the
ambulacra is thrown into folds running across the radio-deltoid
suture ; these folds hang down into the thecal cavity, forming the
hydrospires. o . .

Beginning in the Silurian with Codaster and T'roostocrinus, we
may trace the gradual modification of a simple type, and the
evolution of the numerous complicated structures characteristic of
so specialised a form as Pentremates. Starting afresh with Elae-
acrinus we shall study the elaboration of the structures that
characterise Orbitremites (=Gmnat¢')crinus), which represents the
acme of the BEublastoidea in Britain. Th'us the morphology and
the classification will be unfolded along with the phylogeny.

6
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Codaster, M‘Coy (1849), Silurian to Carboniferous, Britain and N.

America, is the least specialised of all Eublastoids (Fig. V.).

The 3 BB

form a conical cup, on which follows the more cylindrical circlet of 5

RR, the processes of which bend in
above almost at right angles, to form
part of the truncated summit or oral
surface. Following on the upper mar-
gins of the radial processes come the 54,
which surround the pentagonal mouth-
opening (Fig. V.1). These A probably
represent the combined A and pore-
plates of Asteroblastus, like those pore-
plates they have a pronounced median
crest (“oral ridge,” Etheridge & Car-
penter).  Between adjacent A, and
passing down into the sinus of each
R, is a long plate, known from its
shape as the ‘“lancet-plate ” (Fig. V. 2);
the edges of this partly overlap the R
and A ; its upper surface bears a groove
which passes between the adjacent A
to the mouth. It is pierced by a cen-
tral canal, comparable to the central
hollow seen in Mesocystes, and probably
filled by a nerve from the aboral
system (Fig. V. 6). Along the sides
of the lancet-plate lie small *side-
plates,” not, however, in single series,
but in zigzag, so that each pair forms
a rhombohedron bisected by the suture
between them (Fig. VI). On these
sutures are brachiole- facets ; and
branches from the ventral groove pass
alternately to the side-plates, and on
to the bracliioles. The whole groove
was covered by small movable plates,
the impressions of which are seen along
its sides. The peristome was similarly
plated over. The apposed edges of
the radial processes and the A are
thrown into a set of strongly-marked
folds at right angles to the radio-
deltoid sutures (Fig. V. 6). These
folds in the stereom may be an ex-
aggeration of the axial folds so con-
spicuous in Asteroblastus; the stereom
forns a thin-folded wall, the ends
of the folds dipping far down into

* Brachic
Deltoids ]
Radials |
Basals Theca.
\
-Sten.
J
3
- Root.
P,

Fia. IV,

Reconstruction of a typical Eublastoid,
Orophocrinus (vel Dimorphicrinus) fusifor-
mis, from Kinderhook beds of Iowa. By
{.)ermission of the Keeper of the Geologicul

epartinent of the British Museumn.

the thecal cavity. One infers from similar foldings in other animals
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that the object was an increase of surface for respiratory purposes, the
outer oxygenated sea-water passing down into the folds and the inner
coelomic fluid passing up into the alternate folds. Hence to such struc-
tures E. Billings gave the name “hydrospires” They are similar, in
essential structure and in position across the suture lines, to the pectini-
rhombs of Callocystinae ; and similarly are a development of the normal

2 F1a. V. 6

Codaster trilobatus. 1, oral surface of young individual of var. acutus, with 8 hydrospires
each side of a food-groove and traces of them in anal interradius (Brit. Mus, E8020). 2, a theca
ground down from the oral surface, thus bringing out the sutures (Brit. Mus. E8023). 38,
analysis of the main thecal elements. 4, theca seen from the left posterior radius. 5, the
same theca from below, with posterior interradius upperinost. (Both from Brit. Mus. E8013).
% 3. 6, slightly restored section across part of a radius. amb, so-called ambulacrum or
pseudambulacrum, with food-groove ; As, aperture for anus; B, basal ; br, brachiole; c.p,
covering-plates ; h, hydrospire-folds ; L, lancet-plate ; 0, mouth-aperture ; R, radial ; s.p, side-
plate; A, deltoid.

structure of the test. The marked pentamerous symmetry of the thecal
plates (with the apparent exception of BB) and of the hydrospires is
disturbed only by the anus, which makes an opening between the pos-
terior A and the adjacent radial processes. From this IR hydrospire-folds
are said to be absent (but one or two may be seen in some specinens,
Fig. V. 2). The anal opening was closed by small plates. The essential
structures of Codaster are all to be found in Protoblastoidea ; the absence
of interambulacrals, in Blastotdocrinus; the ambulacral structures, in
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Asteroblastus and Blastoidocrinus ; the position of the anus, in Asteroblastus;
the hydrospires, though far less developed, in Blastotdocrinus. So much
is this the case that Codaster has been referred to the Cystidea by several
writers of eminence. Further arguments for such action are found in the
fact that Codaster has no “spiracles” at the proximal ends of the ambu-
lacra, and no hydrospire-pores along their sides,
structures which are often considered character-
istic of the Eublastoidea. The gradual evolution
of these structures may, however, be traced
within the order.

Phaenoschisma, Etheridge & Carpenter (1882,
-86), Devonian and Carboniferous, Europe and N.
Anerica, differs from Codaster mainly in the fact
that the hydrospire-folds become more concen-
trated, and pushed in under, or overgrown by,
the side-plates and part of the lancet-plate, so
that as a rule only their ends are visible (Fig.
VII. 2); they are also well developed in the
anal IR. The side-plates may lie at the sides
of the lancet-plate, as in Codaster, or they may

Fi1c. VI.

Food-groove and associated

structures of Codaster triloba-
tus, greatly enlarged. o.s.p,
outer side-plate; s.p, side-
plate; br, brachiole - facet,
from which passes a small
groove to f.g, the main food-
groove, along which are im-
pressions of covering-plates.
These structures are borne
by L, lancet-plate, in which

lie on it ; in cases where the proximal side-plates
project far over the hydrospires, they may
entirely roof in the depression in which the
hydrospires lie, only leaving a small communi-
cation with the exterior on either side the
proximal end of the ambulacrum (Fig. VIL 6).
The openings thus formed are the rudiments

is m.c, a possible nerve-canal.
Beneath this emerges h.p,
the plate forming the side
of h, the first hydrospire-fold.
(Based on Brit. Mus. E§027.)

of “spiracles.” The side-plates that in Codaster
formed the outer halves of the rhombohedral
pairs are here diminished in size and pushed out-
wards (Fig. VIL 1). They are now distinguished
as “outer side-plates” (cf. similar structures in the recumbent arms of
Callocystinae).  Cryptoschisma, Etheridge & Carpenter (1886), Lower
Devonian, Spain, differs from Phaenoschisma and Codaster in little but the
greater breadth of the ambulacra, which entirely conceal the eight hydro-
spire-slits on either side. Sometimes the ambulacra do not reach to the
tops of the deltoid crests (or oral ridges), and thus there is a spiracle on
either side of each crest, or ten in all ; but sometimes they reach right up
the oral ridges, so that the spiracles of adjacent ambulacra become con-
fluent, and there are five in all (Fig. VII. 8). This is expressed by saying
spiracles “double” or “single” respectively. Orophocrinus, von Seebach
(1864 ; synn. Dimorphicrinus, d’Orb. ; Codonites, Meek & Worth), Carboni-
ferous, Britain, Belgium, and N. America (Fig. IV.). The hydrospire-slits
are more concentrated at the Lottom of the depression for the ambulacra
(“radial sinus”) than in previous genera; but since the ambulacra are
narrower, some of the slits may be exposed, and the spiracles are merely
clefts, often extending all along the sides of the ambulacra (Fig. VIL 7).
The concentration of the hydrospire-slits causes the inner walls of the
two nearest the median line of the ambulacrum to meet along that line,
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and so to form a new structure known as the “under lancet-plate”
(“sub-lancet”). In this genus the oral surface is raised into more or less
of a dome, so that the A are visible in side view. Post. A encloses the anus.

Pentremitidea, d’Orbigny (1849, emend. Eth. & Carp., 1882,-86), Dev-
onian, Spain, the Eifel, and N. America. In the form of the calyx, the
complexity of the hydrospires, and other points there is great variability.
P. Paglletter, de Vern., however, type of the genus, is not far removed from
Phaenoschisma and Cryptoschisma. Eight hydrospire-folds lie on each side
of an ambulacrum, entirely covered by the broad lancet-plate. The
side-plates are on top of the lancet-plate, so that none of it is visible.
The outer side-plates are wedged in between the side-plates and do not
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Fic. VII.

1, Phaenoschisma Verneuili, food-groove seen from above. Ip, lancet-plate ; sp, side-plates,
between which are the small outer side-plates. 2, section across part of a radius of the same ;
the hydrospires are here in the deltoid, and only a process of the radial is seen (R.pr). 3, part
of an ambulacrum of Pentremites, seen from above, X 6 diam. 4, left side of the same further
enlarged, showing some of the covering-plates (diagrainmatised from Steinmann). 5, section
across a radius of Pentremites, X 6 diam. 6-8 are diagrams showing the evolution of spiracles:
6, in Phaenoschisma ; ends of hydrospire-folds still visible, only an incipient spiracle. 7, in
Orophocrinus ; a long spiracle-slit is enclosed between side-plates and deltoid ridge. S, in Crypto-
schisma ; on the left the spiracles are distinctly separated by the deltoid ridge ; on the right
the side-plates of adjacent ambulacra meet and the deltoids sink, so that the spiracles appear
single. br, brachiole ; br’, articular facet for same; c.p, covering-plates; A, deltoid crest;
f.g, food-groove ; L, lancet-plate ; O, peristome ; o.s.p, outer side-plate; p, pores; R, radial;
s, spiracle ; s.l, sub-lancet ; s.p, side-plate.

project beyond their edges. A covered by radial processes, so that only
the crests are exposed. The spiracles are clefts on either side the
ambnlacra, between the deltoid crests and the proximal side-plates. The
anus pierces post. A, which therefore has no crest, so that the adjacent
spiracles are confluent with the anus ; the opening so formed is called “the
anal spiracle” In some species (esp. P. angulata) the side-plates do not
cover the lancet-plate any more than they do in some species of Phaeno-
schisma. Within the limits of Pentremitidea (as defined by Etheridge &
Carpenter) two changes of importance take place. The hydrospires no
longer remain extended, with each fold opening into the space below the
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overspreading ambulacrum, but the admedian folds become gradually
lowered into the thecal cavity and open into a common canal (e.g. P.
clavata) ; thus each system of folds forms a *pendent” hydrospire-sac.
The second change is the slight notching or bevelling of the ends of the
side-plates and the projection of the outer side-plates so as to touch the
wall of the radial sinus ; thus is formed along each side of the ambulacrum
a series of openings by which water is admitted to the hydrospires, which
it bathes and then passes out again by the spiracles (e.g. P. lusitanica) ;
these openings are called ¢ pores,” but are not comparable to the haplo-
pores or diplopores of the Cystidea, to the water-pores of Crinoidea, or to
the ambulacral pores of Echinoidea. Pentremites, Say (1820, originally
Pentremite), Carboniferous, N. America (Fig. XV. 1), appears to be a
descendant of the American species of Pentremitidea. The chief difference
is that the side-plates do not cover the lancet-plate, but rest against its
edge ; thus the ambulacrum becomes much broader and assumes a petaloid
shape (Fig. VIL 3, 4). A sub-lancet is developed, as in Orephocrinus;
hydrospire-folds 3 to 9 according to the species, freely pendent (Fig. VIL. 5),
as in some Pentremitidea ; but in some species the floor of the radial sinus
meets below the hydrospires at the distal end of the ambulacrum. A
canal runs between the hydrospires and the side-plates, emerging through
spiracles which may be single or double ; there is an anal spiracle, as in
Pentremitidea. Though limited in geographical and geological distribution,
Pentremites has more species and individuals than has any other Blastoid
genus ; for this reason, and because it was the first of its class to be
introduced to science, it has usually been treated as the type of the Blas-
toidea. Zoologically considered, however, it merely represents the acme
of one particular line which thereafter died out.

We return, therefore, to the Silurian, and take up the beginning of
another line of development, apparently connected in origin with that
which has just been traced and not very divergent therefrom.

Troostocrinus, Shumard (1866, emend. Eth. & Carp., 1886), Silurian,
N. America, might be expected from its geological position to be a primi-
tive form ; and that it is such is shown by the structure of the ambulacra
(Fig. VIIL). The chief differentiation from the Codaster type lies in the
elevation of the radial processes; the restriction of all A, except post. A,
to a very small truncate summit, so that the hydrospire-folds are almost
entirely formed out of the radial stereom ; the narrowing of the radial
sinus, so that (as in some species of Phaenoschisma) the side-plates are
pushed up on to the top of the lancet-plate, while the hydrospire-folds
are pushed beneath it. The outer side-plates are small, subtriangular,
squeezed out to the edge of the side-plates, with which they alternate ;
they touch the wall of the radial sinus so that “pores” are formed
between them. The hydrospire-folds are midway between the Codasterid
type and the pendent type; their admedian walls, which support the
lancet-plate, are thickened, and tend to form * hydrospire plates,” covering
the immediately adjacent folds. The canal that runs along above the
hydrospires and below the lancet and outer side-plates comes to the
surface at the oral end through a spiracle bounded by the A and lancet-
plate, and since the deltoid crests are slight, the spiracles are almost
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single. The anus opens through the posterior spiracle, .e. through the
oral end of post. A ; the position is less primitive than in Codaster, but the
greater size of post. A seemns primitive. Metablastus, Eth. & Carp. (1886),
is represented by doubtful species in the Silurian of N. America, less
doubtful from Devonian of Europe, and undoubted from Lower Carboni-
ferous of N. America.. It closely resembles Troostocrinus in form ; but
the A are all equal, small, and confined to the summit, while the two

1 2
Fia. VIIL

Troostocrinus Reinwardti. 1, section across a radius, much enlarged. 2, upper part of
theca, posterior view. 38, oral surface of theca. Lettering as before. As-+sp, anus and con-
fluent spiracles. (2 and 3 slightly altered from Etheridge & Carpenter.)

posterior spiracles are distinct from the anus. In structure the ambulacra
scarcely differ from those of Troostocrinus; but the lancet-plate of
M. lineatus is said to have three longitudinal canals ., the meaning
of which is not obvious (cf. Schizoblastus). The base is elongate, and
triangular in section, with flattened sides. Tricoelocrinus, Meek & Worthen
(1868), Carboniferous, N. America, and (?) Queensland (Fig. XV. 2), owes
its name to three excavations along the interbasal sutures, corresponding to
the three flattened sides of Metablastus. A feature of more importance is
the enclosure of thie distal portion of the hydrospires within the thickness
of the radial plate ; this is probably due to the upward growth of the
floor of the sinus, as has taken place, independently and to a less extent,
in Pentremates. Eleutherocrinus, Shumard & Yandell (1856), Devonian,
N. America, is probably a descendant of Troostocrinus. It has, however,
lost its stem and adopted some mode of life that has affected its symmetry.
The place of the stem is occnpied by the small r. ant. B. The two other
BB are pushed a little to the side and produced up the theca to meet the
broadened and shortened 1 post. R. The remaining RR, with their ambu-
lacra, are much like those of Troostocrinus and Metablastus; this 1. post.
R, however, bears a short ambulacrum with only seven side-plates on
either side, but these greatly widened transversely to the median groove, and
curved distalwards (Fig. IX.). There are small A, and (¢pud Shumard)
spiracles at their oral ends on either side of each normal ambulacrum.
The anus is stated by Wachsmuth (in Whiteaves, 1889) to lie on the
right upper margin of the abnormal R, and therefore at the aboral end
of the A. Sections across the ambulacra (Eth. & Carp., 1886) show a
lancet-plate with large longitudinal canal, and seven hydrospire-folds,
arranged as in Troostocrinus, on either side of each ambulacrum in its
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upper part; at the aboral end of the ambulacrum the floor of the radial
sinus comes below the lancet-plate (cf. Tricoelocrinus).

Nucleocrinus, Conrad (1842,
synn, Elaeacrinus, Roemer, 1851
and  Olivanites, Troost, MS.,
1849), Devonian, Nortli America,
differs much from the genera
hitherto described (Fig. X.). Al-
though the theca is lofty (often
olive - shaped) the BB and RR
reach a very short way up it;
the BB and lower part of RR
are pressed inwards, and the
radial sinus receives only the
distal extremity of the awmbula-
crum. The greater part of each
ambulacrum lies between certain

= interradial plates. The posterior
16. IX, . 2 .
Eleutherocrinus Cassedayi ; oral view X ¢ diam. interradius contains three such

The abnormal, 1. post. radius turned to the Dlates—a median plate, at the

observer; r. post. ray has covering-plates (c.p) s .
which in’life would have covered over the oral oral end of which lies the anus,

centre; in r. ant. ray the cp are removed and a plate on either side. These
and one sees the whole of tlie side-plates (s.p); . .
these again are removed from ant. ray, exposing lateral Pleces meet at their oral

the lancet-plate (L); removal of L in 1. ant. ray s
shows the hydrospires (h.s). (Based on Shumard ends’ enclosmg the EnNs, and
& Yandell, and Whiteaves.) stretch down between tlie central

piece and the ambulacra. The
central interradial is smooth, with a median vertical ridge; but the lateral

pieces are transversely grooved, each groove corresponding to a pore

L

Fie. X.

. Nucleoerinus Verneuili. 1, from anterior radius, X §. 2, oral view, showing large cover-
ing-plates over the peristome (from Brit. Mus, E20), X #. 8, from posterior interradius, x §.
As, anus; cp, covering-plates, whicli were continuous over the food-groove (fy) ; IR, interradial
pleces ; R, radials; sp, spiracles ; A, dettoids, the lmbs of which flank thie ambulacra,

in the ambulacrum, As regards the structure of the other inter-
ambulacra there is a difference of opinion. Each contains a lanceo-
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late central area, with a median ridge, separated from the ambulacra by
transversely grooved areas mieeting adorally. Somne specimens show
appearances of sutures between these areas, especially at the aboral end.
Hence Lyon (1857), from the study of many lundred specimens, and
Billings (1870) concluded that these interambulacra also contained three
plates, as a rule fused together. Roemer and Etheridge & Carpenter,
however, believed that there was ouly one plate, and that the markings
were merely ornament. The am-
bulacra are nairow ; their struc-
ture is shown in Figs. X. 2 and
XI. They dip down to the mouth
underneath a roof of strong plates.
The hiydrospires are pendent, their
folds reduced to two; they emerge
through large spiracles, separated
by the interambulacral plates.
As for the homologies of the
thecal plates, those who believe
that there is only one in each
interambulacrum regard that one
as the A, which in the posterior
interradius is split in two by an Fro. XL

. ’ y I
intercalated anal plate. This Section of ambulacrum of Nucleocrinus Ver-

makes Nucleocrinus a highly neutli, x 10 dlam, Ii.r, brachiole; L, lancet-
o i 5 4 ;. Dblate; o.s.p, outer side-plate; s.p, side-plate;
specialised form, into which is s, supposed suture between lateral and central

suddenly introduced an element interambulacrals.

found in no other Eublastoid. If,

however, we accept the view that each interambulacrumn has essentially
the same composition, viz. three plates, we are able to institute compari-
sons with Protoblastoidea. These suggest that the true homologues of the
A in Nucleocrinus are the proximal portions only of the plates called deltoid
by Etheridge & Carpenter. This latter explanation of the structure of
Nucleocrinus perinits us to regard it as primitive in all except tne hydro-
spires, and consists better with its geological age. Schizoblastus, Eth. & Carp.
(1882-86), Carboniferous, Britain and N. America, may be described
as a Nucleocrinus in which there is only one plate in each of the inter-
ambulacra ; this therefore may be called a deltoid, but may well represent
the three plates some suppose to exist in Nucleocrinus, since it preserves
their peculiar sculpturing. In soine species it is of much less relative
size. The hydrospires, as in Nucleocrinus, are of simple structure, with
one to four folds. In two American species the posterior spiracles
are separate from the anus, as in Nucleocrinus; in others they are con-
fluent. The plates roofing the mouth, though not quite so stout as in
Nucleocrinus, are usually well preserved.  Cryptoblastus, Eth. & Carp.
(1886), Carboniferous, N. America, is like a Schazoblastus with small
A. The hydrospires differ from those of Nucleocrinus and Schizoblastu:
ouly in the development of hydrospire-plates (cf. Troostocrinus) which
extend right up the sides of the lancet-plate, separating it from the
folds and from the walls of the radial sinus. DBut where the A are
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reached, the lancet-plates abut directly on them, without leaving any
pores ; the hydrospire-canz's pass up beneath the lancet-plates, and open
through spiracles on either side of each A. Orbitremites, T. & T. Austin
(1842, generally known as Granato-
crinus, Hall) 1862), Carboniferous,
England, N. America, and (?) Queens-
land (Fig. XV. 3, 4). The general
shape and relations of the plates are
as in Schizoblastus and Cryptoblastus.
Hydrospires the same as in Crypto-
blastus (Fig. XIL). The bhydrospire-
canals here are surrounded by the
A, and pass through them to five
Section of ambulacrum of Orbitremites Si?gle SpiraCleS (the post.erl(?r confluent
Norwoodi, x10 diamn. hp, hydrospire-plate. With the anus) at the apices of the
A, which sometimes project as short

tubes. The plates roofing the mouth are minute and usually irregular.
Heteroblastus, Eth. & Carp. (1886), Carboniferous, England, and (%) N.
America, differs from Orbutremstes in that the hydrospire-canals pass
beneath the A, and then curve outwards on either side of each A. The
adoral end of the A is produced upwards as a short stout process. Meso-
blastus, Eth. & Carp. (1886), Carboniferous, England, Belgium, (% N.
America and Queensland, differs from Orbitremites in that the hydrospire-
canals are continued upwards over the flattened lateral portions of the
A, and open at the sides of the A crest. In some species the crest is
aliost absent, and the spiracles therefore almost single. A centrotremaltes,
Eth. & Carp. (1883-86), Carboniferous, Somerset, is only known from
one specimen, but is a far more distinct genus than those just described
(Fig. XIIL). The general
form is that of Orbitremates.
The hydrospires do not pass
up into the A, but the canal
opens immediately on the
suture between A and R;
there are thus ten spiracles,
as in Schizoblastus Sayi. The
anus pierces post. 4, close to

Fia. XII.

1t§ adoral en‘d. The qumber Fo. XIIL
of hydrosp lr,e-fOlds 18y Eh= Transverse section of ambulacrum of Acentrotremites
known ; the inner walls form ellipticus.

a structure meeting in the

median line, and thus like a sub-lancet ; but also passing up the sides of
the lancet-plate, and thus like a hydrospire-plate. The lancet-plate is
small and perforate ; it is covered by small side-plates and large outer
side-plates.

Pentephyllum, Haughton (1859), Carboniferous, Limerick, is based
on a single internal cast. It is said to be unstalked, and this coun-
dition, if obtaining, is correlated with the asymmetry shown in the
slight shortening of cne ambulacrum and the slight curve of the
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adjacent ambulacra towards the opposite side. The linear ambulacra, the
large A, and the strictly pentagonal base remove it from the other
irregular Blastoids, and suggest affinities with the group of genera last
discussed. «Zygocrinus, Bronn (1848, syn. Astrocrinus, T. & T. Austin,
1843, non Conrad, 1840, nec Asterocrinus, Miinster), Carboniferous, Britain
(Fig. XIV.. This highly asymmetrical form
has been elaborately described by R. Etheridge,
fil. (1876), and by Etheridge & Carpenter
(1886), but its affinities remain uncertain.
Its resemblance to Eleutherocrinus lies only in
secondary characters induced by a sessile life.
The theca is depressed, stemnless, and produced
into four lobes ; on the shortest of these lies
an ambulacrum modified much as in Eleuthero-
crinus, and towards it the two larger BB
stretch up as in that genus. The four normal
ambulacra lie in the depressions between the
lobes. Three A are large and stretch out over

Fi1a. XIV.

the lobes; two are small and flank the Etli’;?gg’;‘“gs ng‘gfgg o

abnormal ambulacrum. Anus and spiracles diam. Oral view, modified
y X food-groove (Amb) towards the
unknown. One hydrosplre-fold lies on each observer ; O, peristonie; As?,

side of the radial sinus, and is enclosed by it &, doubtful opening. ~Other

. . X N letters as usual.
at the distal end (cf. Pentremites, Tricoelocrinus).

The surface is covered with strong tubercles which bear minute spines
(cf. Hystricrinus = Arthracantha, p. 158).

Classification.—We have now reviewed every known genus of
Eublastoidea, in an order approximating, as near as our very imperfect
knowledge of many types will allow, to that of their race-history. This
seems to show three main branches: one leading from Codaster, through
Phaenoschisma, to Pentremitidea and Pentremites, with offshoots Crypto-
schisma and Orophocrinus; the second from Troostocrinus, through Meta-
blastus, to Tricoelocrinus, with the offshoot Eleutherocrinus; the third from
Nucleocrinus, through Schizoblastus, to Cryptoblastus, Orbitremites, Meso-
blastus, and Heteroblastus, with an offshoot Acentrotremsites, and probably
Pentephyllum. Zygocrinus also is perhaps connected with this third line
of descent.

The classification of Etheridge & Carpenter does not agree very
well with the phylogeny here outlined. The erection of an “Order
Irregulares” is no more likely to be correct for Blastoidea than for
Crinoidea. With the exception of the Codasteridae, their families of the
¢ Regulares ” are based almost entirely on the relations of the hydrospire
canals to the deltoids, relations which may vary considerably even in an
individual, while they take no account of important differences in the
relations of the hydrospires to the ambulacra. Moreover, in the con-
struction of family names, these authors have contravened the laws of
nomenclature.

The following classification attempts to overcome the above objections
while making as little change as possible :—

Series A. CoDONOBLASTIDA. FaMiLy 1. CoDASTERIDAE. Hydrospire-
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folds distinctly portions of the thecal plates, coming to the surface of the
radial sinus. No distinct hydrospire-canal or pores; spiracles developed
imperfectly or not at all. ~Genera—Codaster, Phaenoschisma, Cryptoschisma,
Orophocrinus.  This family coincides with that of Etheridge & Carpenter.
FamiLy 2. PENTREMITIDAE. Hydrospire-folds, usually numerous, concen-
trated at the lowest part of the radial sinus, and partly or wholly pendent.
Hydrospire-canal opens through spiracles bounded distally by side-plates.
Base convex. Ambulacra rather broad. Genera—Pentremitiden, Pentre-

mites. This equals the Pentremitidae of Etheridge & Carpenter, minus
Mesoblastus.
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Fic. XV.

Theeas of typical Blastoids. 1, a Codonoblastid—Pentremites robustus (from Brit. Mus. ES145).
2, a Troostoblastid—7ricoelocrinus woodmani (from Brit. Mus. ES$171). 3 and 4, a Granato-
blastid—Orbitremites orbicularis (from the type-specimens, Brit. Mus. E8135). 3, from the side.
4, from below, with posterior interradius uppermost. All tigures nat. size.

Series B. TROOSTOBLASTIDA. FaMILY 1. TROOSTOCRINIDAE. Elongate
forms with linear ambulacra descending sharply outwards from the much
restricted peristome. Hydrospire-folds only slightly concentrated, but
eommunicate with exterior through pores, and through spiracles bounded
by A and lancet-plates. Genera— Troostocrinus, Metablastus, Tricoelocrins,
This equals the Troostoblastidae of Etheridge & Carpenter. FamiLy 2.
ELEUTHEROCRINIDAE. Elongate, stemless, asymmetrical, with four narrow
ambulacra, accompanied by unconcentrated hydrospires. Fifth ambula-
crum shortened and widened. A minute. Genus—Elcutherocrinus,

Series C. GRANATOBLASTIDA. FAMILY 1. NUCLEOCRINIDAE. Interam-
bulacra show traces of a primitive triad of plates. Ambulacra linear, and
stretching far down the theca, which is ovoid.  Hydrospire-folds few and
pendent. Spiracles double. Mouth roofed by large plates firnly united
into a tegmen. Genera— Nuclcocrinus, Schizoblastus.  This family equals
Etheridge & Carpenter’s Nucleoblastidae, minus Cryptoblastus and Acentro-
tremites. FaMILy 2. OrBITREMITIDAE. Theca globular with concave or
flattened base. Ambulacra lincar, stretching down to concavity of base.
Hydrospire-folds few and pendent ; a hydrospire-plate always present
(unknown in Heteroblastus).  Hydrospire-folds rarely penetrate 3, but long
canals pass onward, through, beside, or under them, except in .dcentro-
tremites.  Qenera— Orbitremites, Cryptoblastus, Heteroblastus, Mesoblastus,
Acentrotremites. This corresponds to Etheridge & Carpenter’s Granato-
blastidae, plus Cryptoblastus, Mesoblastus, and Acentrotramites.  Famivy 3.
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PeENTEPHYLLIDAE. Theca subpentagonal, stemless; RR asymmetrical.
Ambulacra linear, stretching down to base. One shorter than the rest.
Genus— Pentephyllum. FaMminy 4. ZycocRINIDAE. Theca depressed, stem-
less, asymmetrical, quadrilobate. Four ambulacra between the lobes,
accompanied by a single hydrospire on either side. Fifth ambulacrum
shortened and widened. A large. Genus—Zygecrinus.

A Bibliography of the Eublastoidea was given by R. Etheridge, jun,
and P. H. Carpenter, ¢ Catalogue of the Blastoidea in the British
Museum,” London, 1886. A complete index of names with references
to literature is furnished by F. A. Bather, “ The Genera and Species of
Blastoidea, with a List of the Speciniens in the British Museum,” London,
1899. For other references see Nos. 16,17, 25, 27, 30, 34, 38, 45, 50,
60, 64, 69, 71, 73, 75, 76, 77, 78, 82, 84, 85, 94, 95, 96, in the list at
the end of Pelmatozoa (p. 211).



CHAPTER XL

THE CRINOIDEA.!

CLASS III. CRINOIDEA, MiLLER (1821)

(= CRINOIDEA BRACHIATA, Auctt. veterum ; EUCRINOIDEA, Zittel,
1879).

SuB-CLAass 1. MONOCYCLICA.

Order 1. Inadunata.
,» 2. Adunata.
,, 3. Camerata.
Sub-Order 1. Melocrinoidea.
5 2. Batocrinoidea.
33 3. Actinocrinoidea.

SuB-CLass 2. DicyCLICA.

Order 1. Inadunata.
Sub-Order 1. Cyathocrinoidea.
5 2. Dendrocrinoidea.
Order 2. Flexibilia.
Grade 1. Impinnata.
»» 2. Pinnata.
,, 9. Camerata.

PrLMATOZOA in which epithecal extensions of the food-grooves,
ambulacrals, superficial oral nervous system, blood-vascular and
water-vascular systems, coelom, and genital system are continued
exothecally upon jointed outgrowths of the abactinal thecal plates
(brachia), carrying with them extensions of the abactinal nerve-
system. The number of these processes is primitively and norm-
ally five, but may become less by atrophy. The brachia rise from
a corresponding number of thecal plates, “radials (RR).” Below
these is always a circlet, or traces of a circlet, of plates alternating
with the radials, i.c. interradial, and called ““ basals (BB).” Through

1 By F. A. Bather, M.A.
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all modifications, which are numerous and vastly divergent, these
elements persist. A circlet of radially situate infrabasals may
also be present. Below basals or infrabasals there follows a stem,
which, however, may be atrophied or totally lost.

Although many Rhombifera simulate Crinoidea in the penta-
merism of the theca or the possession of exothecal extensions of
the food-grooves, yet in none are those extensions supported by
plates that are clearly outgrowths from the abactinal system of
thecal plates; in none is there the intimate correlation between
brachia and radialia that obtains in the Crinoidea. This class
therefore cannot be derived from the Rhombifera, as many
structures might otherwise lead us to suppose; the presence of
brachia also forms a clear distinction between it and Diploporita
and Blastoidea. A further difficulty in tracing the origin of the
Crinoidea is furnished by the occurrence of perfectly developed

Fi1a. I.

Analysis of the cup and brachial elements of Hybocystis problematicus. The outlines of the
food-grooves (vg) are dotted.

species in the Lower Cambrian, while representatives of all crinoid
orders are plentiful in Ordovician rocks. Further research, how-
ever, may throw back the origins of other Echinoderm classes; in
any case, negative evidence when Cambrian rocks are concerned
counts for little.

Certain features in some of the older Crinoidea seem to throw
light on their ancestry. Such are the presence of hydrospires,
comparable to those of Codaster, in Carabocrinus (p. 172) and
Hybocrinus (p. 145); the presence in these and other genera of
well-developed deltoids (A), over the edges of which pass the ambu-
lacra, while the posterior A frequently shows signs of a bydropore
(Fig. XXXVL.); the absence of a brachium from certain radials in
Baerocrinus (Fig. LVIL 4) ; the greater development of three radials
in many Inadunata Monocyclica (see p. 144). We are thus led to
a form not unlike that which is) actually presented by Hybocystis,
Wetherby (1880), from the Ordovician of Kentucky (Fig. L.).
This has 5 large subequal basals, 5 radials, and 5 deltoids. The
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anus lies between the posterior A and the radial circlet, being
separated from the latter by a special anal plate (). The right
posterior radial is transversely bisected ; its upper smaller portion
(Rs) being pushed a little to the right by z. The striking
peculiarity of this form is the continuation of the food-grooves
over the thecal plates, as in Diploporita and Blastoidea. In the
right and left antero-lateral rays these pass over the edges of the
deltoids, over the radials, on to the underlying basals. In the
anterior and the right and left posterior rays there are two ossicles,
each as high as wide, supported on the summits of the radials ;
the grooves pass between the deltoids, over these ossicles, down on
to the outer surfaces of the radials. These ossicles form exothecal,
jointed outgrowths of the abactinal thecal plates; a deep notch on
their inner surfaces, leading into the cup by a hole between the
deltoids, suggests that they bore, besides the ambulacral structures,
also extensions of the abactinal nerve-system. Therefore, although
incipient, they constitute true brachia, such as are found in no
Echinoderma except Crinoidea, and they show us the probable way
in which brachia originated. Hydrospires have not been described;
but, considering their occurrence in the closely allied Hybocrinus
(Fig. XXXVL.), they are likely to be found along the radio-deltoid
sutures, as in Codaster. Brachioles fringing the grooves do not
seem to have been present, nor has a lancet-plate been observed.
These facts, as well as the five basals, prove that Hybocystis is not
an offshoot from Eublastoidea, as indeed its geological age forbids ;
but it may well be derived from early forms of Protoblastoidea. If
Hybocystis be admitted as actually ancestral, then the development
of brachia in only three rays sheds light on corresponding irregu-
larities of development in many simple and ancient crinoids, connect-
ing them in this respect with primitive Cystidea (see pp. 11, 53).
Another form suggestive of the connection of the Crinoidea with
the Blastoidea is Sfephanocrinus, Conrad (1842), Silurian of N,
America and England. C. F. Roemer (1851), Joh. Miller (1853),
and Pictet (1857), regarded it as a cystid; Etheridge & Carpenter
(1883) and S. A. Miller as a blastoid ; Dujardin & Hupé (1862)
and Hall (1851) as a crinoid; Zittel (1879) as doubtfully a
blastoid. Wachsmuth & Springer (1886) proved the presence of
brachia, which make it unquestionably a crinoid, but said, “It
agrees by its oral and anal pyramid with certain forms of the
Cystids, while in its general habitus and in the position of the
ambulacra it agrees with the Blastoids.” Stephanocrinus (Fig. I1.)
has 3BB, 5RR, and 53, arranged as in Eublastoidea, especially
Codasteridae. The radial processes are often prolonged into spear-
like spines (S), one in cach interradius. Each ambulacral groove lies
in a deep sinus between the deltoids and radial processes, and it is
continued on to an arm, which rises from a single brachial at the end
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of the sinus, and immediately bifurcates, the groove forking with it.
The edges of the deltoids meet beneath the groove, but a space for the
mouth (“‘ peristome ”) is left in the middle. This space, as well as
the whole groove, is covered by ambulacrals ; these often fuse into
a single plate on either side the groove, where it passes over the oral
surface of the theca, and form five plates, likewise often fused, over
the peristome(F). The anus is between posterior A and the adjacent
radial processes, and is closed by a valve of four to six small plates.
Certain pits in a similar position in other interradii possibly are
atrophied hydrospires (k). The ornament of the cup-platesis strongly
reminiscent of that in Eublastoidea ; but there are clearly marked
axial folds passing up from the basals to the arm-facets, perhaps due
to the greater development of the abactinal nerve-system in the
brachiate form. There were neither brachioles nor a lancet-plate.
Stephanocrinus undoubtedly belongs to the simplest and most
primitive group of the Crinoidea, and it is hard to believe that its

Fic. 1I.

Stephanocrinus  angulatus. 1,
from anterior radius, X 2 diam.;
2, from oral surface, X 4 diam.
(from Brit. Mus. E6715). 4s, anus,
covered by plates; Ar, axillare,
from which are supposed to spring
two arm-rami; B/, position from
which these spring, between &8,
spines formed by radial processes,
broken off in 2, and showing (h)
supposed atrophied hydrospires ;
P, large covering-plates over the
peristome, which is surrounded by
the five orals or deltoids (0).

remarkable resemblances to Eublastoidea are merely homoplastic,
especially since the position of the small basal is not one which
usually occurs in other Crinoidea that have fused basals.

However the crinoid or brachiate stage in the history of the
Pelmatozoa may have been reached, it will be useful to recapitu-
late here the common pelmatozoic characters as well as those
distinctive of the Crinoidea, as manifested in a normal crinoid of
simple structure. The specialisation of those characters will be
shown historically in the systematic part; but since many
structures have been produced or modified in the same way more
than once, a general account of the processes may be given here.
We can speak more decidedly on questions of development and
internal anatomy in this class, since the differences between extinct
and recent genera ave not such as to hinder interpretation.

A normal Crinoid was thus described in 1821 by J. S. Miller,
the founder of the class: ‘An animal with a round, oval, or
angular column, composed of numerous articulating joints,
supporting at its summit a series of plates or joints forming a

7



from whose upper rim
into tentaculated fingers,

THE CRINOIDEA

cup-like body containing the viscera,
proceed five articulated arms, dividing
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which extends over

Some species of these animals ascer-

boscal shape.

more or less numerous, surrounding the aperture of the mouth,
conic or pro

situated in the centre of a plated integument,
the abdominal cavity, and is capable of being contracted into a
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tained to be permanently attached to extraneous bodies, whilst
others appear to have been capable of locomotion.” So little is
amiss with this description, that we need do no more than trans-
late it into modern terminology, as follows :—

A normal Crinoid (Fig. IIL) consists of a “crown” (corona)
attached by its dorsal (i.e. aboral) extremity to a “ stem ” (columna),
which is fixed to the sea-floor or to some solid body by a ‘“root ”
(radiz). The crown consists of a fheca (or calyx, in the sense
of Wachsmuth & Springer) containing the viscera, and of 5
“arms ” (brachiz), which may be more or less branched. That
part of the theca below the origins of the free arms is called the
“dorsal cup” (or shortly “cup”); that part above the origins of
the free arms, 4.c. the oral surface, is called the fegmen (sometimes
“ disc,” sometimes ““vault,” between which a distinction erroneously
used to be imagined). The skeletal and many of the other
systems have a radiate arrangement, of which 5 is the dominant
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Fig. IV.
Linaginary analyses of the structure of the dorsal cup in two simple types of Crinoid.

number. Thus the whole animal can be divided into 5 cor-
responding and almost symmetrical sections, ‘pentameres,” by
5 imaginary ‘ perradial planes,” starting from the vertical
dorso-ventral axis and passing through the origins of the arms.
The skeletal elements are either perradial or interradial in
position.

The Dorsal Cup in its simplest form is composed of 2 or 3
circlets of 5 plates, those in one circlet alternating with the 5 in
the adjacent circlet (Fig. IV.). Of these the most important are those
that support the brachia, and to them the term radialia (RR) is
restricted. The interradial plates below these are called basalia
(BB), since in many crinoids they form the base and rest on the
stem. In some crinoids a circlet of perradial infrabasalia (IBB)
occurs beneath the BB (which latter are then called parabasalia
by some writers). The former type of base is called “monocyclic ”;
the latter “dicyclic.”

The Tegmen in its simplest form is likewise composed of 5
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plates, deltoidea (A); here regarded as synonymous with oralia (O),
alternating with the RR (Fig. V 1). But there are nearly always
also present ‘“ambulacralia” (Amb or e.p), covering the grooves
that lead between or over the apposed edges of the A to the

¥, V.

Three stages in the evolution of the Tegmen. 1, orals only: 2. orals and ambulacrals;
8, orals, ambulacrals, and enlarged peristomial ambulacrals.

brachia (Fig. V' 2). The mouth is either beneath the A or in a
space between them ; in the latter case it is covered by ambulacrals,
often 5 in number and interradial in position, and taken to be
orals by some writers (P in Fig. V. 3). The posterior A in many
primitive forms seems to have been pierced by a
hydropore, the walls of which may be folded so as
to form a madreporite (cf. Stelleroidea and Echi-
noidea). The anus (.Is) lies between post. A and
the adjacent RR, and is closed by a valvular
pyramid, often surrounded by, or raised on, small
plates.

The Brachia in their simplest form consist of a
series of ossicles called brachiuliu (Br), which con-
tinue straight up from the radials (Fig. VI.). The
surface of the radial to which the proximal brachial
is attached is called the ‘“radial- or arm-facet.”
Each brachial is rounded on the outer or dorsal sur-
face, and grooved ou the inner or ventral surface.

Fi. VI The ventral or brachial groove contains the follow-
A simple, un- jno soft parts, taken in order from ventral to

branched arn, that :
of Hyvoorinus. £, dorsal (Fig. VIL). On the surface, the food-groove

ehis1s e cover. (f.g), lined with ciliated epithelium (ef), which directs
glﬁz;frlﬁt:s oram- g stream of water towards the mouth; an epi-

thelial nervous band (nl) stretching from the
superficial or oral nerve-system; a blood-vessel (b), “radial
pseudhaemal canal”; a water-vessel (w), which gives off tubes
(p) to a series of podia or “tentacles” (f) that fringe the
food-groove and subserve sensation and respiration; two “sub-

tentacular canals” (s.f.c), extensious from the body-cavity ; a canal
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containing the genital cord or rachis (g.¢); and a *coeliac canal”
(c.c). On either side of the water-vessel, beneath the tentacles, is a
senso-motor nerve (n2), giving off branches to the muscles of the

AN

-5

A

Fic. VII.
Diagram of solid section of a Crinoid arm. For ey nation of letters see adjoining text.

water-canals and to sensory papillae (s) on the tentacles. Below
all these, in a special groove on the very floor of the main brachial
groove, lies another nerve, the “axial cord” (a.c), proceeding from
the aboral or dorsal motor nerve-system ; the groove in which this

lies is often (as in Fig. VII.) separ-

O @
1 2 4

by an outgrowth of stereom, and

is then known as the “dorsal ” or Y16, VIIL

““axial canal” (Flg VIII> The Stages in the separation of an axial canal,
axial cord sends off branches (n3) Gigupiied oy bty el Gl on b
to all the muscles of the arms,

and to supposed sensory endings in the ectoderm (ed), and is con-
nected with the subtentacular nerves. All these soft structures

in the ventral groove are protected by covering-plates (c.p), also
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called ““ ambulacrals” (Amb), which can open or close as occasion

demands (Fig. IX.).

We may now trace the various
extensions of the Body Systems into
the Thecal Cavity.

The food-grooves and associated
structures, except the axial cord, pass
over the tegmen to the mouth, into
which the food-grooves drive their
streams of water. The mouth leads
into a gut, which makes a dextral coil
down to the bottom of the cup, and
then rises along the side of the cup to

Ambulacrals. 1, ventral view of the anus ; this Sy Stem’ then’ 1s no.t
two brachials of Gissocrinus squami- affected by radiate symmetry (see
fer, with c.p closed above and re- .

Fig. VIL p. 9).

moved below, X 8 diam. 2, side view

of brachials of Antedon basicurva . .
with c.p open, exp()sing tentacles (t),, The eplthellal nerves on the ﬂOOI‘

ap n?gglsgglfgr'gd)0‘11):1;*32;1;}825151& of the food-grooves also pass to the
are seen notc.hes.zizo'r sacculi (p- 137), mouth, where they join an epithelial
X 15 diam. . T

ridge encircling the mouth; from
this “oral ring,” nerves pass to the walls of the gut. The
paired subtentacular nerves run down to a subepithelial,
“ circumoesophageal nervering,” below the oral nervering. From
this ring proceeds, in each interradius, a pair of nerves which
innervate the tegmen and the mesenteries of the body-cavity. This
nerve-system is connected with the aboral nerve-system in a manner
explained below.

The radial pseudhaemal canals join a “pseudhaemal ring”
round the oesophagus beneath the oral nerve-ring ; these structures
are hard to distinguish, and even in other classes, where they are
better developed, their origin is not yet clear. There is, however,
surrounding the oesophagus a ““lacunar plexus” belonging to what
is generally called the blood-vascular system. The circumoeso-
phageal ring is connected with two vascular trunks leading from
the plexus that surrounds the intestine and that absorbs nutrient
substances therefrom ; these substances appear to be worked up
into corpuscles by a “spongy organ” in the oesophageal ring. The
ring is also connected with a plexus that passes down the vertical
axis of the theca, through the coil of the gut, to the base; this
surrounds the “axial organ” (vide infra).

The water-vessels (perradial ambulacral canals) meet in a
circumoesophageal water-vascular ring (hydrocircus); these struc-
tures have longitudinal muscle-bands, as well as muscle-fibres
traversing the lumen; no ampullae or valves are differentiated,
as they are in forms where this system has a locomotor function.
In so simple a crinoid as is here in question, there is good reason to

Fic. IX.

{4
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b.e!ieve that the water-ring opened into the body-cavity by a single
ciliated canal in the posterior interradius ; and that the body-cavity
communicated with the exterior by a single hydropore in post. A,
sometimes merged in the anal opening (as probably in Blastoidea).
This system was not as yet completely affected by radiate sym-
metry ; but in some forms it became so by the development of a
similar canal with corresponding hydro-
pore in each of the other interradii (Fig.
X., compare Figs. XXXIV., XLVI, and
CXIV.).

The two subtentacular canals of each
arm enter a division of the coelom that
passes down the vertical axis through
the coil of the gut, and is known as the _
““axial sinus.” The dorsal coeliac canal ,en;?;f‘“‘ggg‘gf:n"tﬁ,ﬁ)’tfg‘,’f ’;;”;t““olf"i‘i;
passes into a division of the coelom that iuterradius(x 180) simplified from

Ludwig. ¢, coelomic space; cf,

surrounds both axial sinus and gut, and connective tissue fibres ; g, wall of
gut ; n, circumoesophageal nerve ;

is called the *peri-intestinal cavity.” G, cesophagus; p, pore: r.c, ring
The remainder of the coelom, surround- c3ual: st.c,stonecanal; 1, stercom
ing the latter, is called the ‘subtegu-

mentary cavity.” All these divisions of the body-cavity are
lined by endothelium, and are separated from each other, as
well as penetrated, by connective tissue, in which spicules are
often richly developed. From the peri-intestinal cavity, at its
aboral end, there are in this way cut off five chambers, which
surround the axial sinus, and are themselves covered on all sides
by epithelium, containing ganglion-cells and nerve-fibres; the
whole structure is called “the chambered organ” (see Fig. XX.
p. 24).

The genital rachis of each arm is connected with a complex of
twisted, fine canals, called the “axial organ” (see p. 23). This
passes down the axial sinus, widening in the middle of its course,
and then narrowing to a thin strand as it passes between the
five chambers just mentioned.

The axial nerve-cord of the arm does not, as all the organs yet
dealt with, pass to the oral centre, but enters the theca over
the radial. If there is a separate axial canal, it may be continued
through the radial facet into the substance of the thecal plates.
The cords ultimately pass into the epithelial covering of the
chambered organ, but their passage is not a direct one (Figs. XI.
and XII.). Each cord is really a double structure, connected
at intervals by chiasmas, and so soon as it enters the radial it
divides into two branches, one of which proceeds to the basal on
the right, the other to that on the left. In addition the branches
are connected with each other and with those of the other radii by
a series of commissures that form rings all round the cup. One

Fic. X.
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such ring is at the level of the radials. If the crinoid have a
monocyeclic base, the cords that pass to the basals join one another
in a ring immediately surrounding the chambered organ, the

M. X1

Course of axial uerve-cords in Isocrinus. Diagrammatised from sections tigured by P, H.
Carpenter. B, basal; K, radial; ax, axial organ ; ch, five chambers of chambered organ; nl,
nerve-cord from It to I}; »2, cord passing down I} 3, cord from I to radially placed lobes of
chambered organ.

lobes of which in this case correspond with the basals, i.e. are
interradial. If the base be dicyclic, the ring forms a commissure
at the level of the centres of the basals; and from these points

Fie. XI11L

Course of axial nerve-cords in Dicyclic (D), Pseudomonoeyelic (%), and Mounocyelic (M)
Crinoids. c.0, lobes of cl.mmber.ed organ, the connecting nervous sheatl omitted for greater
clearness ; 7.¢, Ting commissure in radials ; other letters as usual.

the cords again fork towards the adjacent infrabasals, where
they join in another ring round the chambered organ, the lobes
of which in this case correspond with the infrabasals, .. are
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radial. Nerves from these cords are given off to the stroma of
the cup-plates. This system, as experimentally proved, chiefly
by W. B. Carpenter (1876 and 1884), in opposition to the
scientific opinion of his time, is a senso-motor nerve-system,
governed from the nervous capsule of the chambered organ.
By means of the commissures the motion of all muscles is cor-
related.  Primitively the cords lie on the inner surface of the
cup; they then become bordered by ridges of stereom, and
finally enclosed within the cup-walls. Branches from these nerves
unite with the interradial nerves that proceed from the circum-
oesophageal nerve-ring.

To turn to the Stem. We have already traced its probable
origin as an evagination of the many-plated theca of Amphoridea,
and the gradual introduction of order into the irregular plates (p.48).
In the pentamerous Crinoidea, these naturally became subjected to
pentamerism ; and evidence of many of the older crinoids shows that
the plates were at first hexagonal and arranged in alternating circlets

Fic. X111.

Evolution of Pentamerism in the
Stem. 1, jointsurface of a cohmnnal com-
posed of five sections, which alternate
with the angles of the stem-lumen; 2,
porticit of a stem composed of hexag-
onal alternating plates, which in 3 be-
come arranged more definitely in liori-
zontal rows; 4, continnance of the
process results in columnals of five pen-
tameres. The fignres are of Botryo-
erinus stemns (after Bather).

of 5, just as plates of the theca (Fig. XIII.). The next stage was
that in which the plates no longer alternated, but were arranged in
horizontal rows divided by five longitudinal sutures. Finally, the
pentameres of each row became fused to form a *columnal,” still
pierced by a wide lumen. This regularity was perhaps connected
with the extension into the lumen of a vessel from each of the five
lobes of the chambered organ, with its nerve-sheath (axial cord) ;
the five cords surrounded a prolongation of the axial organ. In a
monocyelic crinoid the axial cords would be interradial, as are the
lobes of the chambered organ, while the pentameres would alternate
with the basals and be radial. In a dicyclic crinoid the cords would
be radial, the pentameres interradial. The exterior angles of the
stem usually correspond with the pentameres, but not always.
The cirri, or side-arms of the stem, correspond, for reasons that
will appear presently, with the axial cords. The lumen of the
stem is often split up into grooves by ingrowths of stereom ; and
these grooves primarily contain the axial cords, and may even form
closed canals containing the cords, but this correspondence is not
inevitable.  The so-called “law of Wachsmuth & Springer,”
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summarised in the annexed diagram (Fig. XIV.) and tabie, is in itself
empirical, applicable only to pentagonal stems or lumens, and even
then liable to exceptions (marked * in table); but by attending

DICYCLIC MONOCYCLIC

Fia. XIV.

Comparison of the Dicyclic and Monocyclic base. B, basal; Br, brachials marking the five
rays; ct, cirri, only three out of the tive are shown ; co, pentameres of column ; B, infrabasal ;
m, nerves going to cirri fromn extensions of capsule; R, radial; s, sutures between penta-
meres of stem.

(as is here done) chiefly to the relations of the axial cords, we shall
have a surer guide for discrimination between monocyclic and
dicyclic crinoids in the many doubtful cases that occur.

Dicycric. MoxocycLic.
BB [lobes of capsule in Monocyclica] . Interradial Interradial
IBB [lobes of capsule in Dicyclica] Radial
Pentameres of stem (p) Interradial Radial
* Quter angles of stem Interradial Radial
Vertical sutures of stem (s) Radial Interradial
* Sides of stem Radial Interradial
* Angles of lumen of stem Radial Interradial
Cirri, when present (c) Radial Interradial
[Axial cords] Radial Interradial

The primitive crinoid is attached by the distal end of its stem :
and it is supposed by many, from the evidence of the embry(;
Antedon (Fig. XV.), that there is developed at that point a special
fixing plate, to which they apply the term ¢ dorso-central,” which
must not be confused with “centro-dorsal” (see especially the
writings of P. H. Carpenter). Palaeontology does not lead us to
regard such a structure as primitive, or to ascribe to it any morpho-
logical importance. As a rule, skeletal growth takes place at the
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distal end of the stem after two main plans: (1) Deposition of
solid, unjointed stereom, around the distal columnals, forming an
encrusting plate or mass (Fig. CXIIL. 2); this
occurs on rocky bottoms. (2) Outgrowth of jointed
branches from the plated end, forming *radical
cirrl,” often with traces of polymeres like those of
the primitive stem, often very long and branching
again, and always with a lumen which contains
an extension of the axial cord (Fig. CXVL); this
is adapted to a muddy bottom. The radical cirri
arise from the vertical suture-lines of the stem, by Fia. XV.

the intercalation and outgrowth of small plates, ,Distaleud of stem

and the extrusion of the axial cord (Fig. XVI. 3). fida, after Wyville-

. .. Thomson, x 20 diam.
In the course of race-history the cirri gradually ap- col, fascicular stereon:

pear higher and higher up the stem (Fig. XVI. 1), ofeommm: e dorso-
and at the same time become shorter, more mobile,
and eventually arranged in whorls (Fig. XVI. 5). At these levels
the axial cords of the stem swell out, forming a repetition of
the chambered organ (Fig. XVI. 4).

The columnals are rarely all of the same height ; certain con-
spicuously larger ones, including those that bear cirri, are termed

e
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Fic. XVI.

Evolution of cirri. 1, part of stem of a Siluriau crinoid with large, branching ecirri (Brit.
Mus. E1354). 2, section across stemn of a Carbouiferous crinoid, showing branch from axial
canal to cirrus (Brit. Mus. EG708). 3, root of Barycrinus, with cirri originating between
peutameres (modified fromm Wachsmuth & Springer). 4, section across stemr of Isocrinus
Wyville-Thomsoni at level of cirrus-whorl, the central portions disproportionately enlarged
for greater clearness. 5, part of stem of Isocrinus decorus, with cirri in whorls of five,

“nodals”; those between them ‘‘internodals” (Fig. XVIIL. 1).
Nodals are the first columnals to be formed during growth ;
internodals are subsequently intercalated between them, and
again fresh internodals between the first formed internodals, and
so on. Fresh nodals are developed at the proximal end of the
stem, so that in that region are more nodals, while distally are
more internodals (Fig. XVII. 2 and 3). In one type nodals are
introduced immediately beneath the base of the cup, so that the
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proximal columnal is always the youngest. In another type the
proximal columnal is one of the first formed, and remains attached
to the cup, new nodals being introduced below it (Fig. XVIL
4-7). This proximal columnal is called article basal by P. de
Loriol, and “centro-dorsal” by others, erroneously. It is here
called the prozimale.

The Connection between the Elements of the Crinoid Skeleton
is primarily by means of the fibrils of the stroma in which they
are deposited. This condition persists in the ‘primitive suture,”
and from it development proceeds in the direction of either
greater rigidity or greater flexibility. Towards rigidity we have:
(1) “Close suture,” in which the fibres are short, and their ends
surrounded by denser layers of stereom on the apposed surfaces of

Fra, XV

The Relations of the Stem. 1, portion of stein of Gastrocrinus patulus (modified from Jaekel),
the latest formed colummals are numbered 1, the oldest 6; 5 and 6 bear cirri. 2, proximal, and
3 distal, regions of stem of Isacrinus decorus (ct. 5 in Fig. CL), n, nodals (maditied from P. H.
Carpenter). 4, proximal region of stem of Owuchocrinus (after Wachsmnth & Springer), show-
ing infrabasals (IB) fused to proximale (P). 5, proximale of _{piccrinus eleqans, Detr,, showing
depressions for B (Brit. Mus. E¢711). 6, cup and part of ~tem of A. elegans, showing
proximale and other enlarged columnals (based on Brit. Mus. E700 and E6710). 7, portion of
enp and stem of Millericrinus polydactylus (moditied from 1. de Loriol), showing minute
infrabasals attached to proximale, also new columnals forming (7).

the ossicles, which are thus closely and immovably fitted together,
though separable by alkalies. (2) “Syzygy,” a special case of close
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4),
in which the upper ossicle, ““epizygal,” bears a pinnule or cirri,
as the case may be, and the lower one, ‘“hypozygal,” bears none.
(3) ““ Anchylosis” or fusion, when two ossicles are immovably
cemented by an unbroken deposit of stereom, which, however,
is less solid than that of the plates themselves. Towards flexibility
we have: (1) That form of “loose suture” in which the stroma-
fibrils lie at right angles to the suture, and the stereom is thrown
into corresponding folds (cf. pore-rhombs of cystids), or that form
in which there is a slight facet, cither smooth or striated (Fig.
CXI. 3), or interlocking crenulations (Fig. XVIIL 1), (2) « Imper-
forate articulation,” in which therc is a slight facet, or a toothed
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articular surface (Fig. XVIIL 5); the fibrils are at first developed
into elastic ligaments, and later into true muscles. (3) ““Perforate
articulation,” in which there is a highly developed facet, with fulcral
ridge, ligamentar depressions, and muscles innervated from an axial
cord which perforates the ridge (Fig. XVIIL. 6).

In such a simple crinoid as that under discussion the cup-plates
would be united by close suture; the tegminals, probably by
primitive suture, or loose suture of the rhomb type ; the brachials,
by imperforate articulation, perforate being a later development ;
the columnals, by loose suture of the striate type.

The Skeletal Elements of a crinoid may be thus classified :
“Primary Elemeuts,” the first to be developed in both ontogeny
and phylogeny, divided into-— ‘“abactinal,” developed on the
right or aboral coelom, and directly innervated from the chambered

e, XVIILL

Forms of Joint. 1, sutural mar-
gin of cup-plate of Marsupites
(original). 2, brachials from dorsal
side, x 10, 3, ditto from ventral
side, x 38, 4, distal face of 11Bry,
a hypozygal, ¥ k8. (2, 3, and 4 are
of Antedon bifida, after W. B. Car-
penter.) 5, articular facet of radial
of Pisocrinus ollula, x 3 (after
Batlier). 6, articular facet of radial
of Dathycrinus aldrichianus, X 8
(after P. H. Carpenter). a¢, axial
canal for nerve; dl, dorsal liga-
ment ; f, fulcral ridge; il, inter-
articular ligament ; mf, muscle
fossa; mn, notch for axial nerve;
p, pinnule; p’, pinnule-facet; .,
Syzygy.

organ, viz. columnals, cirrals, IBB, BB, RR, Br, and pinnulars
(vide infra) ; “actinal,” developed on the left or oral coelom, and
connected with the various oral ring-systems, viz. A (orals) and
ambulacrals (Chapter VIII., Fig. X.). “Secondary or Supple-
mentary Elements,” which may be intercalated between the primary
pieces ; these have not yet been discussed ; they include “inter-
brachials” (iBr), ‘interambulacrals” (iAmb), “interaxillaries”
(iAx), some ‘““anals,” and a few others of no special importance.

The terms ‘““proximal” and ‘“distal” are reckoned from the
plane separating stem from crown, so that the infrabasals and top
columnal are the proximal elements of crown and stem respec-
tively. The actinal elements, however, start from the oral centre
as proximal point.

For orientation the c¢rinoid is placed in its natural position,
mouth upwards, and is viewed from the anal side. The anal
interradius is then posterior; the radius opposite it is anterior ;



110 THE CRINOIDEA

right and left correspond with the right and left of the observer.
To preserve this orientation when the crown is viewed from above,
the anal side must be nearest the observer (downwards in a
figure) ; when viewed from below, the anal side must be away
from the observer (upwards in a figure). Such is the rule followed
in the drawings illustrating this book, while in the various analyses
the anterior radius is always placed on the right of the figure.
Various modes of designating the radii have been attempted. To
extend to the Crinoidea Lovén’s Echinoid numeration, is to postu-
late an homology that is far from proven. The annexed table
compares with other systems the symbols here used :—

E &g éé Eg &
§85=S |STE| pEatEs
S g 3 @ < 22828
Orientation as above described. by"'&’;’;ﬁ_hele 5 E ‘é ‘2 ;ic S _;E éé%éé%}
MoER8 [8g5| SZZ3=~
B =t Som—
A 25 z A
Anterior Radius ant. R. A ITI. | ant. ).
| €
Right Anterior Interradins r. ant. IR. | A-B 3 |l ant. b2
| | &
Right Antero-lateral Radius r. ant. R. B | & | IV. | 1 ant.-lat. ) &
re
Right Postero-lateral Interradins | r. post. IR. | B-C I =1 4 |1 post.-lat.
Right Posterior Radius r.post. R. |C ) V. [ L post. y |
g
Posterior Interradius post. IR. C-D 5 | post LE
|
Left Posterior Radius L. post. R. |D I. {r. post. ) =
Left Postero-lateral Interradius | 1. post. IR. | D-E L = 1 |r. post.-lat.
50 .
Left Antero-lateral Radius L ant. R. |E I & | IL |r ant.-lat.) E
Left Anterior Interradius. 1. ant. IR. | E-A ) 2 |r. ant. }} E«E

We have now run through the chief characters of a normal
crinoid of simple structure. Few are so simple as this, but
various modifications have occurred in the history of the class,
some perhaps only once, others at different geological periods in
races of diverse origin. Some of these, especially when of im-
portance for classification, must now be discussed.

Some crinoids have a Dicyclic, others a Monocyclic Base (p.
99). The value of this in classification is disputed. Among
various early genera, placed by Wachsmuth & Springer in a
single family (Reteocrinidae), some are with, some without infra-
basals, having the angles of the stem-lumen respectively radial
and interradial. But the yet simpler genera, from which presum-
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ably these genera descended, probably differed in the same way ;
and resemblances, undoubtedly of secondary nature, should not
lead us to place together forms of diverse origin. The distinction to
be drawn between monocyclic and dicyclic genera is more obvious
in the simpler crinoids; but here too there are parallel stages
passed through—the monocyclic Jocrinus and Heterocrinus (p. 145)
correspond with the dicyclic Merocrinus and Ottawacrinus (p. 178)
respectively. Since the presence or absence of infrabasals is cor-
related with the radial or interradial position of the lobes of the
chambered organ, the derivation of one type from the other
involves more change than the mere atrophy or appearance of
certain plates. Hence monocyclic and dicyclic genera should not
be placed in the same line of descent, unless this change can be
proved : there is no reason why they should not have been inde-
pendently evolved. The origin of Dicyclica from Monocyclica
is, in fact, opposed by the available evidence; but Monocyclica
may conceivably have been derived from Dicyclica in one of two
ways, outlined in the next two paragraphs.

There are, especially among the later crinoids, several genera
known as “ pseudomonocyclic,” because though infrabasals are in-
visible or absent, at all events in the adult, the evidence of the
axial cords (e.g. in Rhizocrinus) of palaeontology (e.g. Apiocrinus
and Pentacrinus), or of embryology (e.g. Antedon), demonstrates the
existence of infrabasals either in the young or in near ancestors.
Discoveries of this nature have strengthened Wachsmuth &
Springer’s law by affording a rational explanation of apparent
exceptions. But suppose secondary growth of stereom to occur
in a pseudomonocyclic genus, converting the angles of the stem
from interradial to radial, and the angles of the stem-lumen from
radial to interradial. Then, if recent examples were known, the
law, as emended above (p. 106), might be applied successfully ;
but it would not tell the truth if only fossils were available, and
the crinoid would pose as monocyclic. Such changes are actually
observed in the growth of Anfedon, while in Isocrinus, which other
facts prove pseudomonocyclic (Fig. XI.), the angles of the stem-
lumen in the proximal region are interradial, as if the genus were
truly monocyclic, though the downward prolongations of the
chambered organ are radial. In Glyptocrinus Fornshelli the angles
of both stem and axial canal are radial ; since there are actually.
no infrabasals, we may suppose setondary ingrowth of stereom,
and this is confirmed by S. A. Miller’s description of the columnals
1874).

( lee changes just described leave the essential distinction
between monocyclic and dicyclic genera untouched (as shown in
Fig. XII.); and among the earliest crinoids there is little evidence
of pseudomonocyclic forms. There is, however, a possibility that
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the change from Dicyclic to Monocyclic may have taken place,
not by compression and atrophy, but by torsion and fusion. Many
monocyclic genera of Ordovician and Silurian age have some
radials (usually r. post., r. ant., and 1. ant. RR) transversely bisected ;
the upper part is called “superradial” (Rs); the lower part,
“inferradial” (Ri), (see Fig. LVIIL.). Now, in some dicyclic
genera (e.g. Oftawacrinus, Fig. XCVI.), perhaps in consequence
of the introduction of fresh plates in the anal interradius, the
radials are shifted to right and left so as to lie almost vertically
above the basals. The suggestion then is that the inferradials and
basals of Monocyclica represent basals and infrabasals respectively
of Dicyclica. If then the Rs and Ri fuse, a truly monocyclic type
is produced with one circlet of BB and one of RR. One obvious
objection to this theory is the presence in many Dicyclica of a
plate (the radianal, RA), which is now generally regarded as a
slightly modified inferradial (r. post. Ri), (Fig. XXVI.). Other
objections to this and similar views, based by P. H. Carpenter
(1878) on alleged homologies with the apical system of Echinoidea,
have, it is true, been somewhat discredited by modern embryological
and palaeontological research. Nevertheless, for the present the
gulf between Monocyclica vera and Dicyclica is unbridged, and
must be recognised in classification.

The dorsal cup of a simple crinoid consists of two or three
circlets, but there is often a tendency for the proximal brachials to
be so joined to the radials and to one another as to form part of
the cup (Fig. XIX.). There is, however, a supposed
morphological distinction between these “fixed

brachials ” (Br) and the radials: the latter are de-
veloped in the Anfedon larva as expanded sieve-
like films; but all brachials begin as *imperfect
rings, which soon become filled up with lengthening
fasciculated tissue ” (P. H. Carpenter, 1884 ; see Fig.
XIX.). In a form where many brachials enter the
P dorsal cup, it is convenient to have a common tern
Fe. Xx1x.  for the primitive elements of the cup (IBB, BB,
E, radial, crib- WR): some call them the “apical system,” postu-
}ilggj'mpriﬁ%ig’c‘;lf latir}g a homology with th’e Plates so called in
fasciculate  ste- Kchinoidea ; the old term patina is shorter and safer.
o de e To understand the extension of the cup beyond
(3w, °B. " the patina, it is necessary first to study the Arms
penter.) or Brachia (Fig. XX.). These are rarely single.
The first step in advance is a bifurcation, (%n-

stantly repeated in a regular manner (regular dichotomy or
isotomy). Modifications of this occur through the suppression
of a bifurcation at definite points (irregular dichotomy or hetero-

tomy). In each half of the arm, the first branch on the right
b
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then the first on the left, and so on, may be smaller than the other
branch. Thus there arises 2 main trunk giving off smaller branches

Wi

Fia. XX.

Specialisation of arin-branching. 1, a non-pinnulate, regularly dichotomons arm (isotomous) ;
2, a less regular dichotomous arm, a type common in Cyathocrinoidea; 3, 4, two stages in
the evolution of unilateral heterotomy; 5, 6, 7, three stages in the evolution of bilateral
heterotomy, culminating iu pinnulation. For other types, see Fig. CX.

right and left alternately. These smaller branches may themselves
undergo a similar process, and so form armlets (ramuli) borne by
the main arm-branch
(ramus). ~ When the
ramules cease to branch
themselves, and are reg-
ularly placed on alter-
nate sides of successive
brachials of the main
branch, they are called
pinnulae, and the arm is
“pinnulate.” This pro-
cess of evolution has
been phylogenetically
traced in Botryocrinus
(Fig. XXI.), while the
primitively dichotomous
origin of the pinnules
may be seen in the
developing Antedon.
The pinnule, as P. H. Fio. XX 9
Carpenter said, iIs an Ev(}lut;ion of pinnules in Botryoc'rimgs. 1y B. ramosus,
" S .. a species in which each arm has two rami bearing branched
arm 1n rainmature; 1t ramuli; 9, B. decadactylus, 2 species in which the two rami

0 s S bear ramuli, of which all except the proxinal one are un-
differs in nOthlng but branched, and are almost regularly disposed. In B. pin-

1t1 from the small =»ulatus the ramuli have become regular unbranched pin-
E:(Siltgf;nch(;s ot simple nules. (After Bather, 1891.) 4
dichotomous arm; but, in a pinnulate arm, it differs from
the ramus by the restriction to it of the fertile portions
8
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of the genital rachis. The pinnule differs in origin, and prob-
ably in structure and function, from the brachiole, which is an
independent exothecal process (see p. 41). Whether such struc-
tures as brachioles occur in Crinoidea is disputed. Wachsmuth &
Springer (1897) appear to regard pinnules as independent develop-
ments, rejecting the above theory of their origin. Jaekel (1894)
accepts the theory for most Inadunata and Neozoic crinoids, and
speaks of the organs as ramuli, restricting the term ‘ pinnulae”
to the similar organs of the Palaeozoic Camerata (Cladocrinoidea,
Jaekel) and to the cystid brachioles, which he regards as homo-
logous. His view is admissible, but lacks proof.

In simple dichotomous arms, each brachial that supports two
branches does so by two upper sloping sides, or shoulders, of
equal size, each notched by the ventral groove, and pierced by the
axial canal, which branches with the arm. Such a brachial is
called azillare (ax), and all that part of the arm borne by any
single axillary is a “dichotom.” The branches of the axial cord
are united at their bifurcation by a criss-cross of nerve-strands
(chiasma) serving to correlate their activities. As the size of one
half of a dichotom is reduced, the supporting shoulder of the
axillare is narrowed. Continuance of the process tends to bring
the wider shoulder more parallel to the under joint-surface of the
axillary. Thus a pinnulate arm of primitive structure consists
of a series of axillaries in which the alternate right and left
shoulders are wide and almost parallel, while the others are
greatly reduced and bear pinnules.

A pinnulate arm may consist of two rami, or each ramus may
bifurcate just as in a simple arm, though never to the same
extent. The axillaries on which the rami fork remain unmodified,
and with equal shoulders. It is convenient to distinguish these
as “ main-axils” (Ax).

Owing to the great variation in the branching of the brachia,
it is extraordinarily difficult to devise a consistent terminology,
or to denote any particular ossicle in a concise and intelligible
manner (for fuller discussion, see Wachsmuth & Springer, 1897 ;
and Bather, Ann. Mag. Nat. Hist. Jan. 1892; and Geol. Mayg.
July 1898). In a non-pinnulate dichotomous arm all brachials up
to and including the first axillary may be styled primibrachialia or
“primibrachs” (IBr), the axillary being distinguished as “primaxil ”
(Iax); the following Br in each branch are “secundibrachs ” (IIBr),
with a “secundaxil ” (Ilax); then succeed *tertibrachg ” (IIIBr),
“ quartibrachs ” (IVBr), and so on. In a pinnulate dichotomous
arm the IBr do not as a rule bear pinnules, and are therefore
homologous with the IBr of a simple arm ; but of the next series
only the proximal brachial of each ramus is strictly homologous
with the IIBr of a simple arm, the pinnule borne by it, together
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with the next Br, representing the IIIBr of a simple arm. To use
the same terms is especially perplexing in intermediate forms ;
but solutions of the difficulty, though proposed, have not gained
general approval.

For descriptive purposes, a dichotomous arm is viewed from
the dorsal, .e. aboral surface, and “right” and “left” equal right
and left of the observer. The mediad rami are called interior ;
those to the sides, exterior. A particular brachial in any series
is denoted by placing a small Arabic numeral after the symbol—
IIBr,, IVBr, IIIBr,, The number of Br in a series may be
expressed either by stating it with a large Arabic numeral, e.g.
IIIBr,7, and IIBr,10; or by giving the number of the axillare,
thus ITlax., and Ilax,,, The ossicles of the distal rami which do
not branch again are called *finials ” (F).

The ambulacrals (Amb) ! necessarily branch with the brachials,
and the several series or orders may be designated as IAmb,
IIAmb, etc. Their simplest form is that of a line of small
plates on either side the groove, capable of being raised or
depressed ; and when closed, meeting in the median line by a
zigzag suture due to their alternating arrangement. They vary
in size, both absolutely, and relatively to the brachials. Each
ambulacral may be divided by one or more tranverse sutures,
parallel to the long axis of the arm ; this produces the appearance
of short pinnules, for which these structures have been mistaken
by more than one author. The transverse sutures may come. to
lie at an angle, and the portions to alternate with one another.
Thus arose the side-plates or adambulacrals, which are a persistent
feature in many of the later crinoids (cf. Fig. IX. 2). There
may also be developed minute but distinct ossicles beneath the
outer covering-plates and alternating with them. The complicated
structure thus developed in Cyathocrinus and Gissocrinus has been
exquisitely worked out and illustrated by G. Liljevall (Bather,
1893, pls. vii.-ix.).

Brachia, rami, ramuli, and pinnulae, in which the ossicles lie in
a single row, with more or less parallel joints, are termed * uni-
serial.” Simple arms in Crinoidea are always uniserial. Pinnu-
late arms undergo a modification. Since in such arms the joints
slope alternately to right and left (p. 114), the brachials tend to
assume a wedge-shape; in process of growth of either the in-
dividual or the race, a complete wedge-shape is assumed, so that
the joint-lines between the ossicles form a * zigzag.” Lastly, the
brachials come to lie in two alternating rows, in which case the arm
is termed ‘“biserial.” This development doubles the number of
pinnules in a given length of arm, and thus aids the collection

1 The terms “ambulacral” and “adambulacral ”’ must not be held to imply any
homology with elements thus named in Stelleroidea and Echinoidea.
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! biserial, just as the evolution

%%%% Still  further develop-
as though two or more compound brachials could fuse, and so form
but the facts are explicable as the final stage in a regular
of an arm are suturally united by projections at the distal margin
imperforate articulation. In the final stage, perforate articulation
pair lodges muscle fibres (“muscular fossae ”); and the doisal

of food. The axial cords and ventral groove at first swing from
side to side ; but this would be almost impossible in biserial arms,
so here a common straight ventral groove is formed, and the axial
cord lies at the bottom of it. The change from uniserial to
of pinnules, begins in both
ontogeny and phylogeny at
the growing tip of the arm,
and proceeds gradually proxi-

malwards (Fig. XXII.).
B Rkl ment occurs in the Camer-

Evolution ggogisg?iiasleli)iﬁ,cﬁgrgxgh zigzag, ata. The adjacen? I‘ight and

left ossicles of a biserial arm
may fuse, so as to form a compound brachial, and this necessarily
bears two pinnules, one on either side. Further than this, it appears
a triply compound ossicle bearing two or three pinnules on either
side. At the same time, the pinnulars themselves may come to lie
in zigzag or biserial fashion, in the same way as do the ossicles of
so many cystid brachioles. It is this structure that influenced
Jaekel in his distinction between “pinnulae” and “ramuli” (supra) ;
evolution (Fig. LXXIX.).

Fusion of brachials either laterally, or in vertical series, or both,
may occur in any crinoid race in which it proves advantageous.
In some Gissocrini the I1Br, and possibly IIIBr, of each arm were
laterally united by suture ; in Crotalocrinus (Fig. XCII.) all brachials
of each brachial ; in Petalocrinus (Fig. XCI.) all brachials of an arm
except IBr are fused into a single petaloid plate. Compare also
Melocrinus (Fig. LXXIV.) and Eucladocrinus (Fig. LXXI. 4).

Brachials primitively, and pinnulars nearly always, are
united by loose suture (compare Fig. XVIIL.). The next stage is
(Fig. XXIIL 1), there is a well-marked transverse fulcral ridge,
pierced by the axial canal ; the ventral groove comes nearly up to
the ridge at this point. On each side of the ventral groove, and
often separated by a slight vertical, i.e. dorso-ventral, ridge run-
ning down to the axial canal, are two depressions, fossae ; the ventral
pair, interarticular ligament (*ligamentar fossae ”).  Dorsad of
the. fulerum is a deep “dorsal fossa,” lodging elastic ligament.
This type may be modified by the disappearance of the ventral
muscles, the increase of the interarticular ligaments and their
fossae, and of the vertical ridge separating them, which now
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passes dorsad of the axial canal, and the concentration of the
dorsal ligament in a pit at the end of the vertical ridge (Fig.
XXIII. 2). This is called “trifascial articulation.” Further
increase of the ligamentar fossae and of the vertical ridge,
with the disappearance of the dorsal fossa, produces the
‘“ bifascial articulation,” adapted only for lateral movement (Fig.
XXHI 3). These forms of articulation may be bilaterally
syminetrical, but in pinnuliferous brachials the fuleral ridge is
skewed, so that on the distal joint-surface the end of the ridge
towards the pinnule is moved dorsalwards.

The syzygy (J. Miller, 1841; P H. Carpenter, 1884;
Bather, 1896) is ann immovable sutural umion between two brachials
of a pinnulate arm, accompanied with loss of the pinnule on the

Fre. XXIII.

Arm-joints. 1, brachial of Isocrinus asteria, after Joh, Miiller. 2, distal face of IBr; of
Dathycrinuws Aldrichianus (cf. 6 in Fig. XVIIL), x 8 diam. 8, the sane in Isocrinus Blakei, x 3%
diam. 4, syzygy of Rhizocrinus Ruwsoni—a, epizygal from its under surface ; b, hypozygal
from its upper surface, x 74 diam. 5, syzygay of Isocrinus Blakei—a, upper surface of hypozygal ;
b, epizygal ; and ¢, hypozygal in their relative positions, seen from side, x 3} diam. (2.5 are

after P. H. Carpenter.)
vey axial canal; dl, dorsal ligament fossa ; il, interarticular ligament fossa; mf, muscle

fossa ; 4/, facet for pinnule; vg, ventral groove.

hypozygal (compare Fig. XVIIL.). Immobility may be effected
in various ways. The apposed faces may be smooth (some
Pentacrinids), striated (Uinfacrinus, most Antedonidae), or dotted
(some Actinometrae) ; in Lhizocrinus a peg projects from the dorsal
region of the epizygal into a pit in the hypozygal (Fig. XXIII. 4),
and in some Pentacrinids a dorso-ventral ridge on the epizygal
fits into the hypozygal (Fig. XXIII. 5). The former type of
svzygy facilitates fracture along the suture, and is specially
developed in locomotive forms liable to entangle their arms.
The latter type appears different in origin and function.

We now return to the extension of the Dorsal Cup. This may
be effected, as in Ichihyocrinus (Fig. CVIIL.), by the direct lateral
union of the proximal brachials. At the same time, the proximal
ambulacrals enter the tegmen, so that the thecal cavity stretches out
further between the actinal and abactinal elements. In many living
crinoids the proximal brachials are united by a flexible integument
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containing minute supplementary plates (Isocrinus, Calamocr.inus) s
thus the thecal cavity is enclosed by secondary as well as primary
elements. Similar plated membrane may occur between the IIBr

Fra. XXIV.

Calamocrinis diomedeae. 1, posterior view of cup, showing attachment of anal.tn‘be to
pinnules and proximal brachials, x 4; 2, radial and proximal brachials seen from inside of
cup, showing attachment of interbrachials {much enlarged); 3, a S}mllar portion seen from the
side, showing the interbrachials (unshaded) attaclied to the brachials and pinnulars (shaded).
Enlarged. (All after Al. Agassiz.) ds,anns; I, basal ; IBr, primibrachs ; ¢Br, interbraclials ;»
n, pinnulars.

or ITIBr of a single arm. The small plates may increase in size and
firmly bind together the arms and rami (Fig. XXIVa); those
between brachia are “interbrachials ” (iBr) ; between IIBr, ““inter-
secundibrachs ” (iIIBr), and so on.
Similarly there are interambula-
crals of various orders ; the ilAmb,
merging at the sides of the theca
into the iBr; the ilIAmb separated
by the thecal cavity from iIlBr;

o b
B ) N the iIITAmb, and so on. The
‘g::‘.”{,ﬁ%’/ﬂ.%// \"B'" interbrachials sometimes, though
N 71Br rarely, descend between the
illBr S --RR radials. Not merely brachials,
B —-BB but also pinnulars may be incor-
B porated in the cup, and between
Fia. XXIVe. pinnules are developed “interpin-

_Sagenocrinus expansus, to show incorpora- nulars” (eg Uin/acrinus, Flg CIII),
tion of arms into cup, by means of second-

ary plates (th(:,ise latter are shaded); for 1t 1s often hard to distinguish fixed

lettering see adjoining text. (IFrom Brit. :

Mus. specimen 57147.) X §. pmnulars from supplementa,ry
plates. Except in primitive forms

(¢.9- Reteocrinidae), the interbrachials have a similar arrangement

in each interradius of an individual. Indeed, the arrangement often

serves as a means of distinguishing species and genera. This
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regularity is, however, often modified in the posterior interradius,
which is widened by the insertion of “anal plates,” so called
because they afford room for the anus, and are continuous with
the plates supporting the anal tube when that organ is present.

The Anal Plates of the Camerata appear as a median line
splitting the posterior interbrachials, and forming as it were a
sixth ray to the cup. They are rarely developed in forms in
which the anus is central or comparatively small; a slight
enlargement of the posterior calycal elements then sufficed. They
are, therefore, regarded as supplementary pieces developed as
occasion arose in the position
where they are found. The anal
tube is an outgrowth of the pos-
terior interambulacrum, and is, in
Reteocrinidae, Glyptocrinus, and sim- &905
ilar forms, supported by a dorsal ALY
line of ridged plates continuous I\ | S%r
with the anals (Fig. XXV.). The K3\ AN Y \\\?”
ridge is connected with the ridges ' —
that unite the posterior basal to Fia. XXV,
the I‘ight: and left pOStGI‘iOI‘ radials, Glyptocrinus decardactylus. 1, from pos-
and this indicates that an axial T ridgs making the siys e vleaily
cord passed up it to govern the §u o e dhe il g @ e
motions of the tube. In later
Camerata, where the interradii and tegmen are less flexible, this
differentiation disappears.

The anals of the Inadunata and Ilexibilia (Fig. XXVI.) have
been much discussed (see summary in Bather, 1890 and 1899 ; and
Wachsmuth & Springer, 1897). At least one of them, the
radianal (RA), is admittedly a primary, abactinal, radial element,
being in fact the modified lower half of the right posterior radial
(r. post. R7). By the introduction of other plates, and notably
one special anal () into the posterior IR, the r. post. Rs is pushed
to the right, so that RA comes into contact with », and helps in
the widening of the area and the support of the anal tube. The
theory, originated by Wachsmuth and Springer, thiat the tube is a
modified arm, has since been rejected by them. The less extreme
view that the dorsal median line of ossicles supporting the tube
represents the proximal left ramus of the right , ssterior arm, up
which the interambulacral peristome around the anus gradually
stretched, has the following facts among others in its favour:—
The tube is admittedly in close connection with the right posterior
ray (Fig. XXVIL); it is up this side that the rectum passes; in
Tocrinus, Merocrinus, and Castocrinus, and, to a less extent, in
Heterocrinus, Ectenocrinus, and Oldocrinus, the proximal plate of
this median row rests on r. post. R; in Jocrinus the articulation
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between r. post. R and this proximal plate differs from that l')etween
r. post. R & IBr; only in size (Fig. XXVIIL.); in Jocrinus the
ventral groove of the median series coalesces in r. post. R with the
ventral groove of right posterior arm ; this, and oth(?r ev1den.ce
from Heterocrinidae, shows that the median anal series was in-
nervated from the axial cord of r. post. R. The only argument

B

4. Scaphiocrinus elcyans. 5. Cyathoerinus longimanus, 6. Parisocrinus.
anal area.

Fia. XXV1.

Diagrams of the anal area in various Inadunate Crinoids. (From Bather, after Wachsmuth
& Springer, Hall, and Angelin.)

against the view, is the improbability of a change of function in
the ramus ; still the view is not proven.

A distinct question is whether the anal z, which frequently
occurs in the posterior interradius of the cup, is a secondary
element suddenly introduced, as are the anals of Camerata, or
whether it is the proximal median plate of the tube (as in Jocrinus,
Heterocrinidae, etc.), that has gradually sunk down into the cup.
Wachsmuth & Springer hold the former view, believing that
« is homologous with the strictly interradial anal of Camerata,
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and that the proximal median plate of Jocrinus and Heterocrinidae
(which they call f) is represented in genera with a special anal z
by a tube-plate (1f) on the left shoulder of r. post. R (Fig. XXVI.
2-6) ; they assert that “‘in the earlier and simpler forms, the tube
consists of only five [vertical] series, one to each interradius, that
of the anal side resting upon 7. Later on, as the tube grew larger,
a new row of plates was introduced with plate = supporting it.
When there are three series [at the posterior side], as in Dendro-
crinus, the third generally rests upon one side of the left posterior
radial. The arrangement of the plates within the rows is so
regular, that if a sinking of the plate ¢ had taken place, it would
certainly be indicated by some disturbance among the lower plates
in the tube.” In this sentence the proximal median plate ¢ (our z)

Fia. XXV1I.

Fia. XXVI1IL.

Anal area of Hetero-
r'r-iny.s isodactylus, Iocrinus, showing connection of anals and brachials. 1,
showing close connec- part of the r. posterior vay seen fromn inside the cup; 2,
tion of anal (z) with npper articular surface of Ri; the groove on the left goes to
right posterior super- 7, that on the right to brachials; 3, left upper articular
radial  (r.p.R2). En- surface of s, supporting z; 4, right npper articular sur-
larged. (From Bather.) face of Ils, supporting IBr;. Eularged. (I'romn Bather.)

of Heterocrinus is identified with ¢t of Dendrocrinus ; but no proof
has yet been given that the added series may not be those starting
from 7t and f, rather than from z and /£. On the other hand, the
view that the series z is homologous with the series ¢, is supported
by the general size and appearance of the two, and by the inferred
relations of the axial cords. And the homology of = with ¢ is
supported by the facts that the position of ¢ with reference to r.
post. Rs, does vary from a higher to a lower level in early genera,
while the position of # to the adjacent radials likewise varies.
In late Carboniferous genera of Dicyclic Inadunata, z certainly
appears to pass up out of the cup (Fig. XXIX.), and this inter-
pretation is confirmed by the migration of the anal in the develop-
ment of Anfedon, which anal is universally homologised with z
(Fig. XXX.); but if a plate can pass up, it can also pass down, as
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is further proved by the phylogeny of the Calceocrinidae. The
fact that = is wholly or partly in the cup, and ¢ partly or wholly
outside, does not make them different morphological elements ; for
there is now admitted to be no difference between 1nter§mbulacrals
and interbrachials, or between fixed and free brachla!s. Con-
sequently in this work the symbol z will always be applied to the

Fie. XX1X.

Upward passage of anal (x) in Ulocrinus. 1, anal area of « Uloc1"1' nus"” Dlairi; 2, 1)0steri9r
view of U. Buttsi; 3 and 4, U. Kansasensis, the cup from posterior and from above, X 2.
(From Bather, after Miller & Gurley.)

proximal plate of the median line of the anal tube, whatever its
position.

Modification of the cup is not confined to the fixed brachials
and interbrachials, but also affects the patina. We have discussed
the disappearance of IBB. We have also to note a tendency to
fusion in the plates of the proximal circlet, whether IBB or BB,
and their change of shape due to the introduction of anals into the

u U

Fi6. XXX.

Migration of the anal in Antedon, (After W, B. Carpenter and M. Sars.) Originating
between RR, the plate = gradually moves upwards, eventuaily atrophying till only two small
fraginents remain at the base of the anal tube (t). The dotted lines in 1 show the course of the
gut. These figures also show chauge in shape of RE, and atrophy of orals 0).

patina. The first stage is-the fusion of one pair, producing 1
large and 3 small plates (Fig. XX XI. 2). This is almost entirely
restricted to monocyclic genera, where the plates that fuse are the
right and left anterior basals. Next comes the fusion of two pair,
producing 1 small and 2 large plates (Fig. XXXI. 3). This occurs
in both Mono- and Di-cyclica. In the former the small plate is
the left anterior basal, or rarely left posterior basal; whereas
in Eublastoidea it is the right anterior basal (Fig. XXXI. 4).

In Dicyclica three infrabasals have been observed only among



THE CRINOIDEA 123

.Inaduua,ta and Flexibilia; in the former group the small plate
1s often, but not always, the anterior infrabasal (Fig. XXXI. 7);
in the latter it is («pud W. and Sp.) always the right posterior
infrabasal (Fig. XXXI. 8). A bipartite base is formed only in a
few Monocyelica; the two plates lie on the right and left sides of
the cup (Fig. XXXI. 9). Finally, all plates of the proximal circlet
may fuse iuto a solid ring, both in Mono- and Di-cyclica. The
infrabasals may fuse with the proximal columnal in Flexibilia,
thus forming a pseudomonocyeclic type. The basals may be over-
grown by, and incorporated with, the radials, as in Eugeniacrinus.

The symmetry of the base is modified by the presence of anals.
An anal resting on the basal circlet causes one of the basals to
double in width, so that the base becomes hexagonal instead of
pentagonal. Thus the quadripartite base comes to consist of a

Fic. XXXI.

Bases and their modifications. 1-6
and 9, monocyclic ; 7 and 8, dicyclic ;
1-4, pentagonal, unaffected by anal;
5, 6, 9, hexagonal, affected by anal.
In all the anal side is uppermost, and
the plates are numbered on Jaekel's
plan (see table, p. 110); the imagin-
ary additional piece is marked 4.
1, 5 BB; 2,4 BB; 3,3 B, Crinoid
type; 4, 3885, Blastoid type; 5,

4 BB; 6,3 BB; 7,3 IBB, as usnal in
Dicyclica inadunata; 8, 3 IBB, as o
nsual in Flexibilia impinnate,; 9,
2 BB. (Adapted from Wachsmuth & "
Springer.) O
2 3 2 3

7 8 9

©w

posterior and anterior large plate, and two small lateral plates (Fig.
XXXI. 5). These tend to approximate in size. In Xenocrinus
(Fig. LXXVIIL.), interbrachials as well as anals come down between
the radials, so that the basals are nearly equal in size, but irregular
in shape, and make the base decagonal. Removal of anals and
interbrachials from the radial circlet leaves a pentagonal quadri-
partite base, such as is found in Melocrinidae (p. 161). An anal
resting on a tripartite base is accompanied by increased width in
the small left anterior basal (Fig. XXXI. 6). But in the bipartite
base the small basal fuses with the combined posterior and left
posterior basals, while the combined right-hand basals increase in
width (Fig. XXXI. 9). In most Dicyclica the infrabasals do not
assume a hexagonal outline; for the anals do not occur in the
basal circlet, but z truncates the upper surface of the posterior
basal. Exceptions are Sagenocrinus, Carabocrinus (Fig. LXXXIV.),
Strophocrinus, and Thenarocrinus (Fig. XCVL).
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The enlargement of anal structures was not the only factor in
the modification of the typical pentamerism. Allusion need not
be made to the (apparently sudden) dropping of a radius to
form Tetracrinus (p. 153), or the duplication of the radii to form
Promachocrinus (p. 195), and similar cases. Nor need more be
sald as to the enlargement of certain radii (e.g. Picocrinus), the
bisection of others (e.g. Heterocrinus), and so forth, since in these
cases the outwardly symmetrical appearance of the cup usually
remained unaltered. But certain factors, probably of physical
environment, such as currents and direction of food-supply, or
possibly connected with locomotion, have at different times pro-
duced similar results in different families. A bending over of the
cup, accompanied by diminution of certain radials, was common
in Eugeniacrinidae, as well shown by Jaekel (1891). In the
remarkable Calceocrinidae the crown was bent towards the right
posterior interradius, and far-reaching changes brought about in
both cup and arms (p. 148). Even in an unattached species,
apparently of Agassizocrinus, similar growth of one side took place
at the expense of the other. These
cases are comparable to the irregu-
lar Eublastoids.

Concomitant with modifications
in the dorsal cup were modifica-
tions in the—Tegmen. Just as
brachials entered the cup, so their
covering-plates (Amb) entered the
tegmen, prolonging the food-
grooves over its surface. And cor-
responding to interbrachials in the
cup, there arose interambulacrals
(1IAmb) in the tegmen (Fig.
XXXIL).

Fic. XXXII. Other changes that took place
Tegen of Marsipocrinus radiatus, show- are difficult to deseribe without
ing incorporation of A4mb, ambulacrals, with L h g
idmb, interambulacrals, between them; IISINZ the question of the 210mo-
con tnarks anal interradius, with its larger .
intemmbulacrals.‘ (After  Liljevall in logy Of the pla‘tes covermg the
Wachsmuth & Springer, 1397.) X §. mouth. In Anfedon five inter-

radial plates (O) are developed
before the radials and at the same time as the basals, upon which

they rest (Fig. XXXIII. 1). Between these two circlets appear
the radials, upon the shoulders of which the five adora] interradials
then rest (Fig. XXXIIIL 2), forming a pyramid closed over the
oral centre, but soon opening at the apex to expose the entrance
to the mouth (tentacular vestibule). The posterior of these plates
surrounds the hydropore. At a more advanced stage they hecome
separated from the radials by ambulacrals and interambulacrals
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(Fig. XXXIIIL. 5), and finally, in most species of Anfedon, are
resorbed (cf. Fig. XXX. 4). These plates are called oralia (O).
Their prominence in early stages shows them to be primary
elements of the theca, probably well developed in the adult of

! <)
| A ’
’Hl ) ,////rul'/f“
Fic. XXXI11I.

Development of orals i dntedon. 1 (after Bury), IB still visible, no RR yet formed. 2
(after Allman), O closed ; between them and BB are the developing RE. 8 (after Allman), O open,
exposing oral tentacles; no arms yet exist. 4 (after W. B. Carpenter), O now separated from
BB by KR, which support arms. 5 (after W. B. Carpenter), arms cut off above tirst brachial so
as to show 0, which now surround the mouth ; the shaded portion represents integument, in
which ambulacrals and interambulacrals are developed.

Note also gradual decrease in size of BB. A further stage in oral history is seen in Fig.
XXX. 4, which is from another species.

primitive forms. Five triangular plates that cover the mouth in
the recent Holopus, Hyocrinus, Rhizocrinus, and Thaumatocrinus,
are by all writers homologised with orals (Fig. XXXIV.). In
all Antedonidae, Bathycrinus, and Calamocrinus, they are almost

Fic. XXXIV. Fio. XXXV. Fia. XXXV l .
Tegmen of Holopus. The arms Tegmen of Ilyhocrinus coni-
are reinoved from the side nearest Tegmen of Haplo- cus. Small irregular ambula-
the observer, showing the articu- crinus  mespiliformis. crals overlie the apposed edges
lar surfaces of R, the radials, Br, first brachial ; O, of O, the orals, which are
which are fused together. .dmb, oral; p, pore in post. shaded. DPost. O has a hydro-
ambulacrals, which pass down the O; R, radial. (After pore, and is therefore a imadre-
brachials to the tegmen and a little Wachsmuth & Sprin- porite, M. As, anus, lies be-
way up between the orals ; 1.Amb, ger, 1888.) X 6. tween this and z, the z_mul
interambulacrals, partly separat- plate of the cup. R, radials,
ing brachials from orals; O, five with arm -facets shaded, and
perforate orals; Rp, processes of nerve channel black. (Basefi
fused RR. (After P. H. Carpenter, partly on MS. drawings by W.
1888.) x §. R. Billings. Natural size.)

or entirely resorbed in the adult. The ambulacra pass to the
mouth between or below the orals.

In Hybocrinus, Haplocrinus, Carabocrinus, and other primitive
genera are five interradial plates precisely resembling the orals of
the larval Anfedon in shape and position (Figs. XXXV., XXXVT.).
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The generally accepted view that these are orals is cpnﬁrmed b.y
the frequent presence of a pore or pores in the posterior one, as in
larval -{utedon and adult Hyocrinus, and by the situation of the
anus between this plate and the adjacent RR ; in Haplocrinus the
pore and the anus appear to be combined near the oral end of this
plate. These plates have in preceding pages been spoken of as del-
toids (A). They meet close around the mouth like the A of many
Blastoids, and in Hybocrinus and Carabocrinus they show traces of
hydrospires of Codaster type. On the other hand, they are
homologised, and justly so, with five similar plates that occur in
Coccocrinus, Symbathocrinus, Pisocrinus, Allagecrinus, Myrtillocrinus,
some Platycrini, and the specimen of
Tazocrinus intermedius (Fig. XXX VIL.)
described by Wachsmuth & Springer
(Nov. 1888). In most of these
genera the orals (or A) cover the
mouth, and the food-grooves pass in
under them ; but in Tazocrinus the
mouth is open, and the grooves with
ambulacrals pass between the orals;
while in Hybocrinus and Carabocrinus
the ambulacrals rest on the edges of
ric. XXXVIL the apposed orals, showing that the
Tegmen of Tavocrinus intermedins. grooves were a,ct,uu,lly above those
A, anal ridge; Lr, edges of brachials;
iAmb, illAmb, i[ITAmb, interambula- plateS.
" five omals ‘a Titfle distance fron _ From this primitive Palaeozoic type,
g‘e.lj‘f*‘istl"ggg-) (After Wachsmuth & three lines of evolution start: (1)
pringer, 1
Ambulacra pass over the edges of the
orals, while ambulacrals and sometimes interambulacrals gradually
cover the orals, which seem thus to sink below the surface and to
diminish in size ; the posterior oral, however, usually remains large
and is pierced by hydropores, while the increased size of the anal tube
pushes it more towards the oral centre (e.g. Euspirocrinus, Cyatho-
crinus, Cupressocrinus, Figs. XXXVIIIL., XXXIX.). (2) Ambulacra
and ambulacrals pass between the orals, leaving an open mouth,
while the orals gradually atrophy (e.g. Tazocrinus, Fig. XXXVII,,
probably other Palaeozoic Flexibilia, and certainly many of their
Neozoic descendants). (3) Ambulacra pass beneath the orals,
and gradually also beneath other tegminal plates, which are
developed pari passu with the incorporation of brachials in the
cup, and which thus separate the orals from the periphery
of the tegmen (¢.g. Adunata and Camerata, Fig. XL.; cf. Caryo-
crinidae, p. 66).
At the same time, in types (1) and (3) a modification of the
ambulacrals takes place. The proximal ambulacrals covering the
mouth in (1) become large, and assume a pentagonal arrangement
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simulating that of primitive orals (e.g. Gissocrinus, Fig. XLI., Crotalo-

Fie. XXXIX.

Temen of Cyathocrinus. 1, C.
planus with ambulacrals and inter-

Fig. XXXVIIIL. ambulacrals removed, exposing

. . apr.~.d edges of orals (A) and

Tegmen of Euspirocrinus spiralis, showing four cordi- madieporite (M). 2, C. mammillaris

form deltoids or orals, and a madreporite, with ambu- with ambulacrals (ep) and interam-

lacrals overlying tlheir apposed edges. In the pos- bulacrals (ie) alimost entirely cover-

terior interradius is the buse of the broken off anai ing orals (A)and peristome. (From
tube. (From Bather, 1893.) X 3. Bather, 1892.) x 2.

axillary Amb, increase in size, and form prominent bosses on the
tegmen, called “radial dome-plates” (Fig. XLIL); the effect of
this is enhanced by the sinking of the other ambulacrals (e.g.

Fra. XLI.

Fra. XL Tegmen of Gissocrinus arthriticus,

' : showing awbulacrals (4mb) passing

Cylicocrinus nodosus, to exemplify the simplest  down arms and over apposed orals

type of Camerate tegmen. 1, from 1. post. radius;  (0),and becoming cnlqrged over peri-

2. ‘from above. As, anus; I, basals; br, opening  stome. l?ost. O remains as a folded

f(,)l' food-groove and underlying canals; ib, large  1adreporite; ¢, anal tube. Other

interbrachials (suborals, Jaekel). Other letters as letters as usual. (From Brit. Mus.
usual, (Afi.r Jol. Miiller, 1855.) X 2. 46457.) x 3.

Actinocrinidae). These two facts suggest that the proximal dome-
plates of Camerata, regarded as orals by Wachsmuth & Springer,

£

and so quoted under head (3), may after all be o Jisd ambulacrals.
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The most conflicting views have been held from time to time
by the same and by different writers as to the homologies of these
plates. That here put forward agrees in the main with Neumayr’s
(1889), but is based on facts not accessible to him. Wachsmuth
& Springer (1897) deny the homology of the
deltoids in Eublastoidea, Hybocrinus, and Cya-
thocrinidae, with the orals in Haplocrinus and
Antedon ; the plates here regarded as enlarged
ambulacrals (e.g. in Eublastoidea, Cyatho-
crinidae, Fig. XLIIL., Crotalocrinus) are taken
by them to be orals, and they imagine that
they undergo resorption, fission, and other

Fig. XLIL changes, stating that they are relatively larger
Tegmen of Megistoerinus In young specimens. As to the origin and
nodosus, showing radial 5 5 ] X
dome-plates, d. (After homologies of the large interradial plates in
}gg‘;f‘)s"‘;:ti‘_ & Springet, Tpadunata (here called A or O), those authors
are undecided.

The gradual sinking of the ambulacra and their covering-plates
below not only the orals but other tegminal plates, has given rise
in the typical Camerata to structures so differentiated that they
were long misunderstood, and their chief elucidator, Wachsmuth,
believed in 1877 that the tegmen of Palaeozoic crinoids was “a
solid vault or dome,” which could not “in the remotest degree be
homologised with the soft
peristome of ” recent crinoids.
“It forms,” he said, “a part
of the abactinal system”; “a
continuation of the radial and
interradial series of the dorsal
side, and serves merely as a
covering and protection for
the organs underneath.”
From this it was generally
inferred that an originally
flexible tegmen (““ disc ” it was
called, as in recent crinoids)
had been overgrown by “a o il (i omasrs Mhe e
froe arch which braces the o b e i eovil oy 5
entire oral side of the body
without the aid of oral plates” (W & Sp. 1881). The disc
remained as an ‘“inner test,” in which were ambulacra and
p\;)ssibly orals. Because of this structure, supposed to obtain to a
greater or less extent in all Palaeozoic crinoids, but not in their
successors, the Crinoidea were divided into Palaeocrinoidea and
Stomatoqriqoidea, the latter term being altered by P. H. Carpenter
to Neocrinoidea.

T1a. XLI1I.
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As fresh facts kept coming to light there was a good deal of
shifting of ground and mutual criticism on the part of Wachsmuth
& Springer and Carpenter. The supposed difference, and con-
sequently the classification, were rejected by Neumayr (1889) and
Bather (1889-90). Independently and synchronously Wachsmuth
& Springer (1889) concluded, chiefly on the evidence of Taxocrinus
intermedius (p. 126), that “in some Palaeozoic crinoids* the mouth. is
exposed, and there is no vault aside of the orals”; also that ¢“all
attempts to subdivide the Crinoidea by separating the Palaeozoic
from the Mesozoic and later forms as natural divisions will have
to be abandoned.” But it was not till 1891 that they published
their recantation of the view that “the Camerata had a vault and
a subtegminal disk.”

The explanation of the Camerate tegmen given by Wachsmuth
& Springer in 1891 was readily accepted and now prevails. It
may be condensed as follows :—The plates of the tegmen were at
first small and yielding, as in the Ichthyocrinidae and in most
recent crinoids ; in this state when the arms are open the ventral
surface is depressed, when they are closed it bulges upwards. To
afford better protection to the viscera the tegminal plates became
more solid ; the tegmen being thus less flexible was fixed perforce
in its protruded state. The covering-plates of the ambulacra had
perhaps been closed from the begin-
ning, but as, through the upswelling of
the tegmen, the grooves were now more
exposed, further protection was needed.
Consequently they were lowered be-
neath the surface and, starting from
the solid orals, interambulacral plates
closed in over them. Certain of the
covering-plates, however, especially,
it would appear, the axillary pieces,
which perhaps could not so easily be
covered by other plates, became much

stouter, and were still exposed on the
surface as solid radial dome-plates. In
any form highly developed along these
lines, e.g. Cactocrinus (Fig. XLIV.), the
food-grooves, water-vessels, and blood-
vessels are sunk right beneath the
tegmen, and are enclosed in a tube
consisting of alternating ambulacrals
above and adambulacrals or side-plates
below. The interambulacral plates of

Fic. XL1V.

Cactocrinus proboscidialis, showing
relations of tegmen (7), ambulacral,
and food-canals (emb), and convoluted
skeleton of gut (g). 1, specimen with
one side of tegmen broken away,
showing how the food-canals pass from
the arm-openings (Br) under the
tegmen to the upper end of the con-
voluted organ (after F. B. Meek, 1873).
X $. 2, one of the food-canals, from
above, further magnitied (after Meek).
3, the convoluted organ, from below.

the tegmen send curious extensions into the interior of the calyx, and
these extensions, spreading out, form what used to be regarded as

9
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a disc. We may, with Wachsmuth & Springer, regard the exten-
sions as caused by the perforation of the plates for water-canals;
or we may regard them as simple processes for the purpose of
adding strength, without forgoing lightness, by a system of girders.
The supposition just quoted, as to the existence in Camerata

of a complicated water-vascular system, is supported by the
connection of the internal passages
with small pores near the arm-bases
(Fig. XLV.). Such have been ob-
served by Wachsmuth & Springer
in Actinocrinidae, Batocrinidae,
Rhodocrinidae, and Melocrinidae ;
1 2 they are placed in the cup-wall at
s _ the level of the tegmen, between the

Pores in Camerata. 1, Dolatncrinus : E 3
Lyoni, an interradins, showing slit-like armsiand their rami, and their canals
pores (p) between interambulacrals (after are s epa.ra.ted from the subt egminal

Wachsmuth & Springer, 1897). Nat. size.

2, Batocrinus, showing pores (p) between arm- grooves by a thin partition.
interambnlacrals and fixed secundibrachs N f

(from Brit. Mus. speciulen 75592%. x% In Batocrinus, Strotocrinus, Stegano-
5i°, passage of arii-canals into thec ity, .. . .
L, passageofar-canals intothecal cavity. - op.pp 0y Bucladocrinus, and others in
which the arms branch off alternately, there is a pore to each ramus

that springs directly from the dorsal cup. Dolafocrinus may have

four to six in each interradius, and two to four between each IIBr
series. Other genera have only ten pores. In Gilbertsocrinus these
are at the end of long tubular extensions of the interradial areas
(Fig. CXXVIL.). The facts are so plain, that the introduction of
water iuto the thecal cavity for aeration of the viscera seems prob-
able ; but the connection of these passages with the hydrocoel or
with branches thereof is a different question. The pores may pos-
sibly have replaced the hydropore or the madreporite of certain
Inadunata. In many recent crinoids pores pierce not only the O.
but the iAmb, often in great numbers, being least numerous in
the posterior IR. Antedon bifida (Fig. XLVL.) is said to have 1500.
They may also occur on the edge of the theca between the arms.
In Actinometra they are chiefly developed near the ventral grooves,
and even on the pinnules. These pores communicate with the
coelom or its extensions (Fig. XLVIL.), and so indirectly with the
water-ring. Where there are few pores (e.g. Rhizocrinus, Fig. X.),
a process (stone-canal) stretches out towards each from the ring;
but, when numerous, there is no correspondence between stone-
canals and pores.

The statement has repeatedly been made (by Trautschold,
Lovén, Wachsmuth & Springer) that pores occur on the suture-
lines between the plates composing the anal tube of many
Inadunata. In the cases to which the last-named authors now
restrict the statement, the tube-plates have strong axial folds, being
no doubt connected along these by thicker ligament, innervated from
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the axial cords (Fig. XLVIIL). The depressions between these folds
are often deep, and it is in them that the pores are said to lie. It
1s supposed that such genera have no madreporite, and that the
pores aerated the vectum or a blind extension thereof, for the

Y Fie. XLVIL

Vertical section through tegmen and under-
lying structures of Anfedon bifide. Shiows four
pores, with ciliated funnels (¢f), piercing the
integuinent (teg), and counnunicating by a

Fic. XLVIL water-vessel (wwr) with lacunar vessels (/) in the

connective tissue of the mesentery (m). The

Ventral surface of Antedon bifida, funnels are ent through in different directions.

diagranmatised from various authori- f, fibrous layer of integument; e, coelomic

ties. X 4diamn. As,anus; O, mouth; cavities ; g, gut-wall, showing outer fibrous

p, pinnules; s, sacculi; aw.p, water- layer, epithelium, and inner cuticle. (After
pores. Vogt & Jug, 1886.) Greatly magnified.

anus often opens low down on the anterior face of the tube. The
statement has been definitely disproved for many forms hitherto
said to have such pores. But Wachsmuth & Springer (1897,
pl. vii,, figs. 25, 5, 6, 9) support it by figures which, if correct and

-

e

Tl

Fic. XLVIII.

Structure of the anal tube in an Inadunate Crinoid, Mastigocrinus loreus. 1, plates in
normal position, from left edge of distal third of tube ; f, transverse folds comiecting the nain
axial ridges, . 2, plates from the proximnal third, disturbed and exposing the articular facets

(art) of the axial ridge. (After Bather, 1892.) X 10 diam.

correctly interpreted, prove it for some species up to the hilt—
and much further. For they show pores not only on the sutures,
but penetrating the plates ; not only in the interaxial depressions,
but on the axial folds; not only in the tube, but in the dorsal
cup. ) . :

The last organ of which the modifications need be considered
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is the Stem. The simplest form of columnal (after the fusion of
the pentameres) is circular, but with a tendency to pentagonal
outline. The joint-surface is radiately striated. The lumen may
be large and circular (Fig. XLIX. 1), or small, and circular or
fiverayed (Fig. XLIX. 2 and 3). The assumption of a pentagonal
outline is often accompanied by a restriction of the striation to
the margin and the concentration
of the longitudinal ligament-fibres
in five bands (Figs. XLIX. 4 and
CXI. 7-10). The joint-surfaces
may become elliptical, with a
fuleral ridge in the long diameter
and ligamentar fossae on either
side ; in this case the long diameter
of one end is set at an angle to
that of the other end, and the stem
thus gets a corkscrew twist (e.g.
Platycrinus, Fig. XLIX. 5), and so
can bend in any direction. In a
Russian Carboniferous Platycrinoid
the columnals are square in section,
and the ridges form diagonals at
right angles to one another. In
Bourgueticrinidae, Bathycrinus, and

‘ - Rhizocrinus this form of joint is
(atted W. & Sp); 2 dctinberinus (, trom Strongly marked, and the columnals
bt Ms B55; & deftnootuus o Bt are usually long and dice - box

Mus. 56978, x 2'6; 5, Platyerinus, Brit. shaped (Fig. XLIX. 7); the leugth

Mus. 400; 6, Platyerinus, showing twist 3
of stem, Brit. Mus. 75906, x $; 7, Rhizo- dPpe€ars 1n some cases to be pro-

crinus, from distal region of stem, x 8; = v
8, A-nt’edon sarsi, larva,oarticular sur,face of duced by quIOH Of two ata S} .y gy 2

one of the columnals seen from t(llle sidein The stem of the larval Anfedon
SRR S ILErenhiESs (Fig. XLIX. 8, 9) has ossicles of the
Bourgueticrinus type and is very flexible. In two genera of
distinct origin-— Herpetocrinus allied to Heterocrinus, and Campto-
crinus allied to Dichocrinus—the stem is rolled up round the crown
as shown in Fig. LIX.; the cirri are, over the greater part of the
stem, confined to two rows along the sides of the ossicles and
directed towards the axis of the coil. In Herpefocrinus the ossicles
become hollowed towards the inside of the coil, and there is a
fuleral ridge parallel to this side; strong (muscular ?) ligaments
were developed towards the outer margin. The stem could
uncoil and the crown be projected. The structure of the
columnals in Camplocrinus has not been described, but is said to
be similar. Wachsmuth & Springer say that such stems are
also found among allies of Poferiocrinus.

The axial canal, which in recent crinoids serves to transmit the

Fie. XL1X.
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vascular and nervous prolongations of the chambered organ and
axial organ to columnals and cirrals, may in some earlier forms
have served other purposes. The lumen is sometimes extra-
ordinarily wide (40 mm. in the root of Barycrinus, Fig. XVI. 3).
Pores sometimes appear to exist between or through the colum-
nals (e.g. Barycrinus, Crotalocrinus, Fig. L., Traumatocrinus). The
distal ends of the cirri sometimes appear to have been open, so
that the large axial canal communicated with the sea - water
(e-g9. Barycerinus, Eucalyptocrinus, Cystocrinus, Fig. L. 2). The flat
under surface of encrusting roots is often ridged, as though
grooves put the axial canal in connection with the exterior (e.g.
Lichenocrinus, in which the upper surface is formed of poly-
gonal plates, supported beneath by numerous radiating lamellae).
These bases of attachment are, say Miller & Gurley, “as full of

Fia. L.

The development of ¢ pores” from
cirri. 1, Crotalocrinus, portion of root,
with branching cirri below, and attach-
ments of cirri in upper part. These
latter show the axial canal that passes
from the main axial canal of the stem,
through the thickness of the columnals,
to each cirrus, and continues to the end
of the cirrus. Nat. size. 2, Cystoerinus
tennesseensis, part of stem, showiug
stunipy aborted cirri, witl. axial canals
opening at their ends. Nat. size. 3,
Crotalocrinus, part of stem, showing
crenulate sutures between columnals,
and on the columnals the atrophied
attachments of cirri ;' compare with the
extreme npper part of fig. 1. X 5 diam.
4, Crotalocrinus, part of stemn, showinyg
totaldisappearance of cirrus-attachment,
and only the axial canals remaining as
‘“‘pores” piercing the columnals. X 5
diam. (From Bather, 1598.) 1 4

L ALY

pores as sponges.” On the theory here adopted as to the origin
of the stem, a greater exten. n of the viscera into it in early
forms is probable; the chambered organ itself may have been
placed some way down it (compare evolution of siphuncle from
visceral cone in Cephalopoda). Assuming that the soft structures
contained in the stem-lumen needed aeration, Wachsmuth &
Springer have supposed that streams of sea-water entered
by these pores. This suggestion seems no more happy than
Miller & Gurley’s idea that “the mucous or fluid substance,
that contained the material for the base, passed through the
columnar canal into the pores of the base and was deposited in
a softer state than it afterward assumed.” We may, however,
suppose that these passages served the double purpose of trans-
mitting nutrient fluid to the mesoderm cells depositing the outer
layers of stereom as the stem and root grew wider by concentric
accretion, and of aerating the same fluid by bringing it near the

oxygenated sea-water.
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In some genera, and especially, as Jaekel has suggested, in
those exposed to rough water or currents, the stem shortenqd con-
siderably while its attachment was preserved (e.g. Eugeniacrln.ld.ae,
Fig. CXX., Cupressocrinus). Cotylederma, Eudesicrinus, and Cyathidium
are fossil genera, Holopus (Fig. CXXI.), a recent genus, in all which
the stem is reduced to a mere mass of stereom cementing the cup
to some solid object.

Although the Crinoidea are the Echinoderms in which the
Pelmatozoan habit has had most effect on the anatomy, yet they
present a constant tendency to relinquish the attached mode of
life and to lose that typical organ, the stem. So early as the
Ordovician, stems are found that during the life of the animal
were separated from the root, and became attached to other
objects, either by the remaining cirri, or
by winding around them. Often the
distal end of the stem formed a coiled
support like a serpent’s tail (e.g. A4cantho-
crinus rex, Jaekel, 1895). In some Silu-
rian genera (e.g. Calceocrinus, Mastigo-
crinus) stems have been described that
were rounded off at the distal end during
life. In Herpetocrinus the stem was rarely
if ever attached by anything except its
cirri ; while in the species described by
Hall as Brachiocrinus nodosarius, the stem
ends distally in a bulb. 1In the Devonian
Myrtillocrinus the stem ended in a four-
fluked grapnel ( = Ancyrocrinus, Fig. LL.).
Similar detachment took place in many
Carboniferous and Mesozoic crinoids ; the
recent Jsocrinus (= Pentacrinus) is known
to change its place, probably by swimming
with its arms, and the lower surface of

; the distal columnal is “smoothed and
o Tl rounded ” (Wyville Thomson, 1873).

Grapnel of ﬂ[ﬁrtlill)locrinus (after Addiction to this habit led to the
all).

gradual shortening of the stem; in
Millericrinus  Pratti all stages have been described by P. H.
Carpenter (1882), from a stem of seventy columnals over 50
mm. long, down to a single ossicle, the proximale (Fig. LIL).
Continuance of this process led to the evolution, along many
different lines, of crinoids that are generally described as un-
stalked, and for which older writers were wont to erect an order,
Astylida. These fall into three groups: First, those in which a
portion of the stem remains, becoming compressed aud fused, with or
without the infrabasals, into a cirrus-bearing compound ossicle, to
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which the term “ centro-dorsal ” was originally applied, and to which
it must be restricted (e.g. Antedon, Eudiocrinus, Thaumatocrinus ; see
Figs. CXVIL.-CXIX.). These forms anchor themselves by their
cirri, and though capable of crawling, climbing, and swimming, do
not often exercise their faculty of locomotion. Secondly, the group
in which either a portion of remaining stem, or the lower part of
the cup (i.e. BB or IBB), becomes solidified, usually by additional
deposition of stereom, into a knob, which, one may suppose, serves
as ballast or as a sea-anchor ; such forms are 4gassizocrinus (p. 181),
Edriocrinus (Fig. CXI1.), and Millericrinus Pratti (Fig. LIL.). Both
of these groups have a small calycal cavity with thick walls, and
there can be little doubt but that all are attached by a stem in the
earlier stages of ontogeny. The third group, comprising AMarsupites
(Fig. CIV.), Saccocoma (Fig. LXVIIL.), and Uintacrinus (Fig. CIIL.),

Fia. LII.

Stages in the loss of the stem by
Millericrinus Pratti. 1, cup with stem ot
seventy columnals (X §). 2, distal end of a
stemn, with apparent root (natural size).
3, cup with fairly long stem, with inter-
calated new colwinnals (natural size). 4,
enp with stem of twenty colwnnals (x 3).
5, cup with stem of five colummals (X 3).
6, lower part of crown, with stemn reduced
to a pentagonal plate (¢), with slight
trace of atrophied next columnal (x 3).
7, base, closed below by a single plate
(), with no trace of lwmen or of other
columnals. This plate is the proximale
(p of 3 aud 4), but is covered by second-
ary stereom (x 2). (All after P. H. Car-
penter.)

has no trace of a stem or of any anchoring structure, but is in all
respects adapted for free locomotion ; the calycal cavity is large in
proportion to the thickness of the arms, and is enclosed by thin
flexible walls. Of these three genera, Saccocoma is the most special-
ised, and is supposed by Jaekel (1893) to have been pelagic, living
in swarms. Uinfacrinus, with its extraordinarily long and movable
arms, may also have been pelagic. The genera of this third group,
although of origin as diverse as those in the other groups, resemble
one another in the presence of a central, pentagonal, apical plate.
This in Saccocoma may be the fused basals ; in Uintacrinus and Marsu-
pites it represents neither basals nor infrabasals, but may be the
proximale, or the supposed distal columnar plate (“dorso-central”),
or a new supplementary plate. It is safest to call it cenifrale.
Another curious modification, perhaps connected with a free-
floating existence, was presented by the root of Scyphocrinus.
This swelled out into a hollow, chambered, balloon-like body,
referred by Barrande to an independent class of Echinoderms under
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the name Lobolithus, and described by Hall as a float, which he
called Camarocrinus.

As regards the internal organs of the crinoid not much can be
said. The most remarkable modifications are those affecting the
Gut. In most recent crinoids this makes a simple dextral coil
around the thecal cavity, from central mouth to eccentric anus.
The mouth may be slightly shifted anteriorly by increase in size
of the anus, or by the anal tube coming to occupy the centre of
the tegmen, as in Bafocrinus, or even to pass beyond it towards
the anterior margin, as in Siphonocrinus (p. 199). But the mouth
remains in the axis of the coil, and such forms are called *endo-
cyclic.” In Actinometra (p. 196) the gut winds in the same way,
but instead of issuing immediately the first coil is completed,
it continues to coil, not however around the axis of the
mouth but around the axis of the anus. The mouth, with its
annular accompaniments, therefore lies between the outer coil and
the next one, and not in the axis of the coil ; such a form is called
“exocyclic.” This type of coiling does not correspond to the
two coils of the echinoid gut, since those are formed by a loop
returning on itself, in the way that any tube or cord fixed at the
extremities is necessarily lengthened. The coil of the gut in
Actinometra is therefore doubly peculiar. Yet in the number of
its coils it finds a parallel among the Camerata. In many of these
(e.g. Teleiocrinus, Cactocrinus, Batocrinus, Strotocrinus, Macrocrinus,
Eutrochocrinus, Habrocrinus, and Dimerocrinus) the gut seems to
have been supported by a loose, spicular calcification of the
connective tissue around the axial sinus, forming a *convoluted
organ ” not unlike the shell of Bulla (Fig. XLIV 3). Probably the
oesophagus passed down the hollow axis, then the gut coiled
dextrally in a widening spire, and the rectum passed up outside,
often along a thickened rim. The number of coils was at least three
in a Bafocrinus figured by Wachsmuth and Springer (1897, pl. v.
fig. 6). It is remarkable that two of their figures (ib. figs. 5
and 7), if correctly described, show a sinistral coil. There is no
reason to suppose that the coil of the gut was ever other than
dextral in any class or order of Echinoderma, though Jaekel
(1897) has made an unconvincing attempt to prove that it was
sinistral in Camerata, Cystidea, and Blastoidea.

In Bathycrinus, Rhizocrinus, and the larval Anfedon, the mid-gut,
at the bottom of the thecal cavity, is widened into a stomach.
In Bathycrinus and Rhizocrinus are also interradial diverticula from
the outer side of the coil, supported by processes from the brachials
(Fig. LIIL.). Such diverticula were present in the Silurian Habro-
crinus, if the evidence of the convoluted organ and of Angelin
(1878, pl. xxvi. f. 12) can be relied on. In Pentacrinus and
Antedonidae, and to a less extent in Bathycrinus, the gut-wall on
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the 1nner side of the coil is thrown into folds or villi (Fig. LIV.).
In Actmometm, however, with its long coil, such plication is slight.

Sacculi (Fig. LV.) are structures confined to this class. They
are glo_bular sacs surrounded by mesoderm, but lying close beneath
the epithelium, usually of the external surface. The lower wall
of each sacculus is clothed with rather large nucleated cells,
apparently derived from mesoderm, and from these grow up
processes filled with refringent granules of albuminoid substance.
Each process elongates and becomes attached to the upper (i.e.
outer) wall of the sacculus by a filament. The granular portion
of the cell may then separate from the nucleated base, and finally
may burst, setting free the granules. These granules, colourless
in life, are stained on death by the yellow pigment of the peri-
some, and show strong affinity for most staining reagents. The

Fic. LV,
Section of a uearly ripe sac-

Frc. LIV.

Longitudinal section of  culus of Antedon bifide. int,

Fie. LIII.

Section across the thecal
cavity of Dathycrinus Al-
drichianus, at the level of
second primibrachs, show-
ing interradial processes of
stomach (st), the rectum (),
and the axial organ (ax).
(Diagraminatised from P.
H. Carpenter.) x 7 diam.

wall of anal tube of Antedon
bifide, showing villi (v) of
rectal wall and their gland
cells (g). In the connective
tissue layer are plates of
stereom (st), and outside is
epithelium (e). (Diagram-
matised from Hamaun.)
Greatly maguitied.

superficial layer of integimment ;
f, fibrillar attachmments of con-
tained cells to integumment ; cut,
cutis surrounding sacenlns, and
containing nuelei (ns); g, granu-
larnasses of the contained cells ;
the large nuclei of these cells are
seen below in the lining epi-
thelimm (ep) of the sacculus.
(After Cuénot.) x 200 diam.

sacculi occur chiefly at the edges of the food-grooves; and the
side-plates, when highly developed, are notched for their reception
(as seen in Fig. IX. 2). They have also been observed in the
walls of the gut, in the mesenteries, and above the chambered
organ. They are developed so soon as the larva begins to feed.
Sacculi have beenregarded as calcigenous glands (Wyville Thomson),
mucous glands (Bury), excretory organs (Ludwig), symbiotic algae,
“ Zooxanthellae ” (Vogt & Jung), and accumulations of reserve
material (Walther, and especially Cuénot, 1891). Since the com-
prehensive account by the last-named, little has been written on
the subject, and his view has found general favour. Sacculi occur
in Antedon, Promachocrinus, Eudiocrinus, Atelecrinus, Rhizocrinus,
Bathycrinus, and Pentacrinus ; they are certainly absent from A ctino-
metra, and probably from all other recent genera. This fact renders
their occurrence of taxonomic value.



138 THE CRINOIDEA

THE CLASSIFICATION OF THE CRINOIDEA.

When the modifications above described have been grasped, when it
is remembered that these are only the more usual among the changes
that take place, and that there are others even more remarkable, and
when it is learned that most of these may affect members of any group
at any period, then it will be understood that the decipherment of the
few and fragmentary leaves of crinoid history that have been preserved
to us has been a long and difficult task, full of vain attempt and
rejected theory, and that classification after classification has heen raised
but to fall ; and still the leading writers cannot agree, even provisionally.

An admirable account of the literature on this class, from Agricola,
in 1558, to C. F. Roemer, in 1853, was given by de Koninck and Le
Hon (1854), and supplemented by W. B. Carpenter (1866). The
nomenclature of genera and species dates, of course, from 1758, the year
of publication of the tenth edition of Linnaeus’s Systema Naturae; but
neither Linnaeus nor his immediate successors were more happy in their
dealings with this then little known group than more ancient authors.
It was J. 8. Miller of Dantzig and Bristol, who, in 1821, laid tle
foundation for a scientific knowledge and classification of the CRINOIDEA,
as he was the first to name them. Accounts of the subsequent growth of
knowledge and theory are so accessible in Zittel (1879, 1899), P. H.
Carpenter (1884), and Wachsmuth and Springer (1897), that only the
main stages need recalling, and that briefly.

Miller’s CrINOIDEA excludes unstalked genera; the others known to
him are divided into :—ARTICULATA : ossicula forming the cup articula-
ting, Apiocrinus, Pentacrinus, Encrinus. SEMI-ARTICULATA : plates of cup
articulating imperfectly, Poteriocrinus. INARTICULATA : plates adhering by
sutures, lined by muscular integument, Cyathocrinus, Actinocrinus, Rhodo-
crinus, Platycrinus. COADUNATA : proximal ossicles of cup anchylosed to
proximal columnal, Eugeniacrinus. The principles of classification here
adopted profoundly influenced subsequent attempts, while the genera
form the types of modern families,

Joh. Miiller (1843) meant by ¢Crinoidea” all Pelmatozoa, dis-
tinguishing the crinoids proper as Crinoidea brachiata. Among these
he retained Miller's ARTIcuLATA, adding to it the Antedonidae, and
stating that the rays developed from the base of the cup, and merged
into the free arms ; that the proximal plates of the rays were laterally
united by an integument continunous with that of the ventral surface ;
that the radial and first primibrach, the primaxil and first secundi-
brach, were joined by muscles, but the first and second primibrachs by
muscles or syzygy; and that food-grooves, mouth, and anus were
visible on the tegmen. The peculiar genus Saccocoma, unknown
to Miller, was made the type of the CosraTa : stemless, without centro-
dorsal, and with processes from the brachials (pennulae oppositae, Miiller).
Haplocrinus mespiliformis was separated under the head TESTACEA : cup
and tegmen forming a firm, connected test, with five ambulacra running
up to the mouth. Holopus was regarded as an entirely independent and
peculiar division of the Crinoidea (sensu lato), on account of its sessile cup
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and the supposed absence of an anus; but no group name was proposed.
All other crinoids then knewn were placed in the TESSELLATA, which
included the unstalked Marsupites; their cup was said to be composed
entirely of plates, to which names were given (BB, RR, Ax, etc.), and
their tegmen was said to be solid, with only one opening, and with no
food-grooves. This classification, while retaining as a guide the mode of
union of the plates, took also into consideration the structure of the tegmen.

Zittel (1879) divided the Crinoidea brachiata, EUCRINOIDEA, as he
called them, into three sub-orders, on the basis of Miiller’s classification,
but merging Holopus and the Testacea in the Articulata. TESSELATA :
cup-plates thin, immovably united by simple suture; tegmen solidly
plated ; mouth subtegminal ; Marsupites, Uintacrinus, and all Palaeozoic
crinoids. ARTICULATA : cup-plates usually very thick, united by articu-
lating or plane sutures; tegmen integumentary, rarely plated, with open
food-grooves and central mouth ; all Neozoic forms, except those here
mentioned under other sub-orders. CostaTa: Saccocoma (see under
Miiller). By this time several families had been founded, notably by
C. F. Roemer (1855) and Angelin (1878). These were added to by
Zittel, and those of the Tesselata arranged in groups, chiefly according
to the construction of the tegmen. Most of the families were well
founded, but the characters of the Tesselata and Articulata, though
applicable to a few genera, were not really capable of extension to all the
forms that had become known since the time of Miiller.

Wachsmuth’s establishment of the PALAEOCRINOIDEA in 1877, “to
include those forms in which the disc is roofed by a second integument,
which he supposed to exist in all Palaeozoic crinoids” (W. & Sp.),
has already been noticed. The order covered nearly the same ground
as the Tessellata, and opposed to it was the order Stomatocrinoidea
or NEOCRINOIDEA, corresponding roughly to the Articulata. Carpenter
& Etheridge (1881) accepted the division, but laid mnore stress on the
asymmetry of the posterior interradius in Palaeocrinoidea, and therefore
suggested IRREGULARIA and REGULARIA.

Wachsmuth & Springer (1885) divided their Palaeocrinoidea into
tliree sub-orders, originally suggested by Wachsmuth’s study of the tegmen.
CAMERATA : tegmen rigid, formed of rather large thick plates; brachia
in part rigidly incorporated in cup by means of interbrachials; Reteo-
crinidae, Rhodocrinidae, Thysanocrinidae, Glyptasteridae, Melocrinidae,
Actinocrinidae, Platycrinidae, Hexacrinidae, Eucalyptocrinidae, Barrandeo-
crinidae, and Acrocrinidae. ARTICULATA : tegmen flexible, formed of
minute plates; brachia may or may not be partly incorporated in cup,
but not rigidly ; Ichthyocrinidae, Crotalocrinidae.! INaDUNATA: brachia
not incorporated in cup. These were divided into LARVIFORMIA :
tegmen of few plates; “disc” covered by “vault”; Haplocrinidae.
Cupressocrinidae, Gasterocomidae,? Stephanocrinidae; and FIsTuLATA :
““disc” not entirely covered by *vault,” but passes out as a porous
“ventral sac” ; Hybocrinidae, Heterocrinidae, Anomalocrinidae, Belemno-
crinidae, Cyathocrinidae, Calceocrinidae, Catillocrinidae, Poteriocrinidae,
Encrinidae, Astylocrinidae.

1 Removed to Camerata in 1888. 2 Removed to Fistulata in 1890.
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It must always have been obvious that the Neocrinoidea were a
polyphyletic group derived from the Palaeocrinoidea ; the difficulty has
been to trace the relationship. This task, hewever, was forced upon us
when those orders were finally rejected. Since that rejection did not
carry with it the overthrow of Wachsmuth and Springer’s sub-orders, the
practical result was the raising of them to the rank of orders, in which
Neozoic crinoids had to be appropriately placed.

P. H. Carpenter (1889) referred all Neozoic crinoids to the Articu-
lata (W. and Sp.) as a sub-order, PiINNATA, with pinnules; while the
Ichthyocrinidae constituted a sub-order, IMPINNATA, without pinnules.
This had the advantage of making Articulata, W. & Sp., very nearly
the same as Articulata, Miiller. But there is reason to belisve that
the Pentacrinidae are descended directly from the dicyclic Inadunata ;
and since Pentacrinus (t.e. Isocrinus) was Miiller’s type, one can hardly
escape confusion in wusing the term Articulata for a group that
excludes the Pentacrinidae.  FLEXIBILIA, Zittel (1895), is superior
and prior to Wachsmuth & Springer’s proposed substitute ARTICULOSA
(1897), which, moreover, was used in a different sense by Jaekel (1894).

One reason for the above reference of the Pentacrinidae is the
discovery by Wachsmuth & Springer (1897) that in the Flexibilia the
top columnal is not the latest formed, but a persistent proximale, usually
fused with the infrabasals ; whereas in Pentacrinidae, as in Canerata and
Inadunata, the top columnal is merely the latest formed, and continually
moves from its proximal position as new columnals develop. This, along
with the other characters, seems to confirin the independent nature of the
order Flexibilia ; at the same time, the resemblance of early genera
to contemyporaneous Inadunata is so striking, that one must suppose the
Flexibilia Impinnata to be derived from nou-pinnulate dicyclic Inadunata.
Then the want of links between Impiunata and Pinnata suggests that
the process may have been repeated, and that Pinnata were derived
from Triassic pinnulate Inadunata (Fistulata, W. & Sp.). Whether the
mode of stem-growth indicates affinity or parallel modification is a point
that demands investigation.

The Larviformia of Wachsmuth & Springer are generally accepted as
the most primitive Crinoidea, and as representing the ancestral type of
all the orders. On this ground the group might be retained, not
as a sub-order of Inadunata, but as an Urgruppe, or an independent
order (Zittel, 1895). But their geological age forbids us to regard the
known genera and species as themselves ancestral to far older forms. If
then they be placed with other Inadunata, the question arises whether
the distinction of the dicyclic and monocyclic base is not more funda-
mental than the varying development of the tegmen. A complex tegmen
is a development from a simple one, but between dicyclic and monocyclic
the barrier runs back to archaean ignorance (Bather, 1893).

The Camerata, like the Flexibilia, form an order fairly well defined
on a morphological basis. But here too there are grounds for suggesting
that the modifications may have occurred more than once. The evolution
of pinnules, of biserial arms, of fixed brachials, interbrachials, and the
like, even of a solid tegmen, may all be traced among Inadunata (e.g.
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Botryocrinus, Encrinus, Uintacrinus, Crotalocrinus, Cyathocrinus). The
Reteocrinidae (W. & Sp.) present us with the Articulate or Flexible stage
of the Camerata, and include both Dicyclica and Monocyclica. It is
reasonable to suppose that the monocyclic Melocrinidae, Calyptocrinidae,
Batocrinidae, and Actinocrinidae were derived from monocyclic ancestors,
whether Reteocrinidae or others, and that the dicyclic Thysanocrinidae
and Rhodocrinidae were derived from dicyclic Reteocrinidae and similar
forms. On the other hand, the Platycrinidae, and their descendants,
Hexacrinidae and Acrocrinidae, are closer to the Inadunata, and sprang
probably from inonocyclic genera, independently and at a later period.
The Crotalocrinidae, which Wachsmuth and Springer now place in the
Camecrata, arc at any rate of totally different origin from all other Camerata,
and are intimately allied to Cyathocrinus and Gissocrinus among the
dicyclic Inadunata.

Previous authors have attempted to make their classification serve as
a key to structure rather than as an epitome of descent. And the above
considerations suggest that Wachsmuth & Springer’s system, though far
the best from an anatomical standpoint, is not the phylogenetic classifica-
tion sought by the modern biologist.

A bold attempt at a phylogenetic classification is shortly to be brought
out by Jaekel. From his preliminary notice (1894) and subsequent
writings it appears that he separates the Camerata (W. & Sp.), under the
name CLADOIDEA, from the rest, to which he restricts the name CRINOIDEA.
The Crinoidea have radials, five arms with brachials, and ramuli (Jaekel,
supra), and anal plates connected with right posterior radial ; their origin
is from such a simple type as has been described above. The Cladoidea
originated independently from a many-plated cystid, in which numerous
arms produced as many rows of supporting plates (costalia) in the cup, not
homologous with radials and brachials ; the free costalia bear pinnulae
(Jaekel, supra). The resemblances between Cladoidea and Crinoidea are
admittedly great, but all to be explained comfortably by homoplasy and con-
vergence. The Crinoidea (Jaekel) are divided into :—FISTULATA : the root-
group, with primitive, simple calyx ; including the generally accepted genera,
also Porocrinus, Crotalocrinidae, and Marsupites. LARVATA : essentially
the same as Larviformia (W & Sp.), but supposed to be derived from
Fistulata, perhaps through Heterocrinidae. CosraTa: “arms give off
undivided, alternating side-branches, serving in part for reception of
gonads ; cup usually thin-walled and spacious, composed of a circlet of
large RR and a tripartite or fused base. No anal plates or tube ; tegmen
simple, of five O, to which suboralia ! may be added ” ; Hybocrinidae, Hapa-
locrinidae, Plicatocrinidae, Hyocrinidae, Saccocomidae, Rhizocrinidae (%)
ARrTIcULOSA : the old Articulata, W. & Sp. non Miiller ; Lecanocrinidae,
Ichthyocrinidae, Taxocrinidae.  ARTicULATA, Miiller non W. & Sp.:
derived from Fistulata not from Articulosa ; Encrinidae, Pentacrinidae,
Apiocrinidae, Eugeniacrinidae, Antedonidae. Jaekel’s proposals are here
alluded to in order that the student may understand the terms used in
his forthcoming finely illustrated work. They are valuable as suggesting
research for a large amount of confirmatory evidence.

1 <« Die Oralia mit den Radialien verbindenden Plittchen.”
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The Classification here adopted keeps accepted terms so far as
possible, but the distribution of the groups is very different from that
hitherto accepted. Dividing all Crinoidea into Monocycrica and
Dicycrica, we trace in each order a gradual and to some extent parallel
modification, here and there diverging in somewhat similar directions,
Thus the simplest forms in each order are INADUNAT4, with free distinct
arms, and pass from a Larviform stage, with simple tegmen, to a Fistulate
stage, with more contplex anal tube and tegmen. At an early period
(? Cambrian) in the history of the Monocyclica, the Camerate modification,
viz. rigid incorporation of brachials in cup and ambulacrals in tegmen,
ffected a few forms, and thus arose MoNocYcLICA CAMERATA. At a later
p -od (Silurian) was a repetition of this modification, but one affecting the

MONOCYCLICA. DICYCLICA.
INADUNATA. ‘ INADUNATA. P

Cambrian. (LARVIFORMIA).

CAMERATA.
Ordovician.
Silurian. ADUNATA. FLEXIBILIA.
Devonian. IMPINNATA
(DISTINCTA)
Carboniferous.
Permian. - :
(- 9
Tris. ~ PINNATA.
Jurassic. (ARTICULATA)
Cretaceous. Fic. LVI.
iary. Supposed Relations of the Orders and
Temias L Sub-Orders of Crinoidea.
Recent.

cup to a far less extent, and resulting chiefly in a solid tegnien and biserial
arms ; thus arose the Mo~ocvcrica ADUNATA (or Platycrinoidea), which
even Wachsmuth and Springer find 4 difficulty in placing with the
Camerata. These two highly specialised branches died out before the
close of the Palaeozoic epoch, the Adunata outliving the Camerata ; but
the simpler Inadunate forms continued, and reached a high degree of
specialisation in their Jurassic descendants, to which the living Hyocrinus
is closely related. The Dicyclica Inadunata similarly gave off the
Dicycrnica CaMERATA, which persisted only a little less long than their
monocyclic convergents. The dicyclic Crotalocrinidae of the Silurian
are curiously parallel to the Monocyclica Adunata, but it is not worth
while to separate them from the typical Inadunata. About the same time
arose among the Dicyclic Inadunata the modification that resulted in
the FLEXIBILIA, with brachials loosely incorporated in dorsal cup. The
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Dicyclic Inadunata came to their acme in Carboniferous times, and only
those forms persisted to Neozoic and Recent periods which assumed an
Articulate modification, viz. a loose lateral union of proximal brachials,
as seen in Pentacrinidae, which are convergents of the Neozoic Flexibilia.
The latter sub-order was represented during Palaeozoic times by the
Ichthyocrinoidea (Impinnata); between them and the Neozoic Apio-
crinidae, Bourgueticrinidae, etc. (Pinnata), the links are missing, but may
yet be fonnd among Permian and Triassic crinoids (cf. p. 140). At any
rate, the Neozoic Flexibilia, when they assumed the free-swimming habit,
took a new lease of life and have their acme in our own day.

The systematic account of the Crinoidea may be prefaced by a table
of the terms and symbols employed in techinical description, as explained
for the most part in the preceding pages.

PLATES OF PATINA

See page 112
99

Infrabasal 1B 5
Basal B " 99
Superbasal SB - 159
Radial . R - 99
Inferradial Rz o 112
Superradial Rs vy 112
Radianal RA . 119
Pararadial PR 5 150
BracHIALS free, Br ; fixed, Br . 100, 112
Primibrachs ,, IBr ,  IBr ’s 114
First primibrach 1By, ’s 115
Second primibrach IBr, . 115
Primaxil TAx > 114
Secundibrachs. ,» 1IBr ,, TIIBr ,, 114
Secundaxil ITAx ,, 114
Tertibrachs IIIBr ,, 114
Quartibrachs IVBr vy 114
and so on to the
Finials F ’s 115
AMBULACRALS Amb or c.p. ve 100, 115
Primambulacs. IAmb » 115
Secundambulacs ITAmb s 115
and so on.
INTERRADIAL AND SUPPLEMENTARY
ELEMENTS . s 109
An interradius IR " 20
Interbrachials iBr ,, 118
Intersecundibrachs illBr ,, 118
and so on.
Special anal plate (or proximal
median plate of anal tube) x - 119
Proximal tube-plate on right 7t ,, 121
Corresponding plate on left i » o121
Deltoids 1 A ,, 100
here regarded as homologous with
Orals . o) ,, 124
Interambulacrals iAmb » 118
Interprimambulacs ilAmb ,, 118
Intersecundambulacs illAmb ,, 118

The various radii and interradii are denoted as explained in the table

on p. 110.
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We now proceed to review the sub-classes, orders, and families
of Crinoidea.

Sub-CLass 1. MoNocycLica, Bather (1899).

Crinoidea in which the base consists of BB only, the aboral prolonga-
tions of the chambered organ being interradial ; new columnals are
introduced at the extreme proximal end of the stem.

OrpER 1. Monocyclica Inadunata
(=InaDUNATA, W. & Sp. pars, emend.)

Monocyclica in which the dorsal cup is confined to the patina and
occasional intercalated anals; such Amb or iAmb as enter the tegmen
remain supra-tegminal and not rigidly united.

Thirty-one genera are here referred to this order. Of these, 20
diverge from the normal symmetry to a greater extent than by the intro-
duction of anals, viz. 10 through the horizontal bisection of certain RR,
other than r. post. R, usually r. and 1. ant. RR, while the remaining RR
often increase in width ; 8 through such increase in width of certain RR
(usually 1. post. R and ant. R), often accompanied by variation in the
number of arms directly springing from RR ; 1 by disappearance of a
radial (an occurrence also found in some of the other genera), and apparent
increase in number of arms springing from RR (as in some other genera).
Only 2 of the genera have regularly pinnulate arms, and in 15 the arms
are unbranched. In 14, O are not separated from one another or from
RR; 11 at least have no anal tube, while in 6 of those the anus if it
existed must have pierced post. O. In the rest the anal tube was always
supported by a well-defined median ridge of plates, simulating Br. In
Dicyclica Inadunata such characters as these are confined to very few
forms, and those the oldest. Therefore, as well as on anatomical grounds,
we infer that the prevalence of these characters denotes a primitive order.

There is considerable parallelism of development between early In-
adunate forms of Dicyclica and Monocyclica ; nevertheless, most of the
Monocyclic genera fall into clearly marked groups, with which no Dicyclica
can be confused. The Hybocrinidae and Stephanocrenus are here taken
first, because of their simple structure and resemblance to Eublastoidea.
At a very early period the Heterocrinid type must have arisen, through
horizontal bisection of RR (antea, p. 112) and branching of arms. Jocrinus
and Anomalocrinus may be early offshoots from that line of descent;
Herpetocrinus and the Calceocrinidae are other remarkably specialised off-
shoots, the latter surviving to Carboniferous times. Starting afresh from
the Hybocrinidae, the exaggeration of size in certain RR became more
pronounced in the Pisocrinidae, which, by addition of supplementary
radials and arms, lead up through Calycanthocrinus and Mycocrinus to
Catillocrinus, 8 type presenting a strange convergence to Halysiocrinus.
Zophocrinus, Allagecrinus, and certainly Haplocrinus appear to be aberrant
from this line of descent. The more regular Symbathocrinidae, with
their simple arms, represent either the direct descendants of the Hybo-
crinidae or a return from the Pisocrinidae to a iuore normai structure.
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The Carboniferous Belemnocrinus simulates many Dicyclica in the com-
plexity of its anal tube, but in arm-structure may be regarded as inter-
mediate between the Heterocrinidae and certain Neozoic Monocyclica.
Of these latter, the first to appear are the Plicatocrinidae, and from them
spring the Jurassic Saccocoma and the Recent Hyocrinus.

FamiLy 1. HYBocrINIDAE. Monocyclica Inadunata, in which RR differ
but slightly in size and shape, except r. post. R, which supports on its
left shoulder the proximal plate (z) of the rudimentary anal tube, when
present, while its right shoulder is separated by a slanting suture from
the lower part of the plate and bears an arm. BB, 5. Arms, 3-5,
unbranched, uniserial, non-pinnulate, less wide than RR. O, so far as
known, large, with traces of hydrospires, not separated from RR by
supplementary plates ; post. O cut into by anus and pierced by hydropore.
Amb rest on adjacent edges of O. Genera—Hybocystis, Wetherby (1880,
see p. 95, Fig. L) ; Hybocrinus, Billings (1857,-59 ; syn. Indianocrinus,
Mill. & Gurl,), Ordovician and Silurian, N. America (Figs. LVIL 3, VL
and XXXVL) ; Hoplocrinus, Grewingk (1867), Ordovician, Russia, includes
Baerocrinus (Fig. LVIL 1, 2, 4). For chief literature see W. & Sp. (91).

Fia. LVII.

Hybocrinidae. 1, Hoplocrinus dipentas (type); 2, Hoploerinus dipentas (var.); 8, IIybocrinus
tumidus ; 4, *“ Baerocrinus” Ungerni.

FaMILy 2. STEPHANOCRINIDAE. Monocyclica Inadunata, with 5 equal RR,
each bearing an arm in a deep radial sinus. BB, 3, the unfused B being
usually r. ant. as in Blastoidea. Arms branched. O large, with traces of
hydrospires (?) at their junction with RR ; anus at junction of post. O with
RR, with minute valvular covering. Amb, often fused, rest on adjacent
edges of O, and 5 large ones, often fused, cover the peristome. Genus—
Stephanocrinus, Conrad (1842, see p. 96, Fig. II.), Silurian, N. America
and Britain, and as * Rhombifera mira” in Bohemia. The arms are
said to branch, but no two observers agree as to the mode of branching,
and in fact it seems to differ in the various ambulacra of the few
specimens that preserve the arms (R. P. Whitfield n litt.).

FamiLy 3. HETEROCRINIDAE. Monocyclica Inadunata, with z usually
resting on left shoulder of r. post. Rs, and partly on right shoulder of
1. post. R, but sometimes sunk between the two, and always supporting a
long anal tube. BB, 5. Arms, 5, with proximal Br usually full width of
RR ; isotomous or heterotomous, or bifurcate with armlets ; non-pinnu-
late. 5 O, without perisomic plates, have been observed in Heterocrinus
heterodactylus juvenis, but the relations of Amb to tegmen are unknown.
Genera— ITocrinus, Hall (1866), Ordovician, N. America (Figs. XXVI. 1;
XXVIIL; and LVIIL 1); primitive in its isotomous arms, and RR similar
in shape and undivided, except r. post. R, from which an upper portion,
in shape like an axillare, is separated by a horizontal suture, and bears an
arm on its r. shoulder, and on its L. shoulder a line of ossicles supporting

IO
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an anal tube. Therefore for this line of descent, such a position of the
median dorsal rib of the anal tube is considered primitive (among Dicyclica
a similar stage is presented by Merocrinus). Anal tube somewhat com-
plicated. Stem markedly pentagonal, with 5 interradial sutures. Hetero-
crinus, Hall (1843, em. S. A. Miller, 1889, syn. Stenocrinus, W. & Sp.);
Ectenocrinus, Miller (1889); and Ohtocrinus, W. & Sp. (1886), are best
known from Ordovician, N. America, but certainly had representatives
in Europe, where also they were preceded in Cambrian seas by * Dendro-
crinus cambriensis,” Hicks (1873), which seems allied to Jocrinus. They
agree in the transverse bisection of r. and 1. ant. RR, in addition to
r. post. R (exceptionally 1. ant. R is simple, and ant. R may be compound in
its stead) ; in the partial entry of the proximal plate of the anal tube into
the cup, since it now rests partly on 1 post. R, though more intimately
connected with r. post. Rs (Fig. XXVIL); in the departure from isotomy
in the direction of two rami with armlets. In Heterocrinus, Ohtocrinus,

1 2
= aaye Bl S
el SXTRO0
% TN @& O o OTESTS
g F1a. LVIII. 4

_Heterocrinidae. 1, Tocrinus; 2, Heterocrinus bellevillensis,; 3, Ectenoerinus; 4, Anomalo-
crinus.

and Jocrinus the stem is pentagonal and quinquepartite ; in Ectenocrinus
almost circular and tripartite. The anal tube is straight and narrow
in Heterocrinus and Ectenocrinus, spirally coiled in Ohiocrinus (cf.
Botryocrinus, Streptocrinus).  Ectenocrinus has almost reached a pinnulate
stage of arm-branching, since the Br form syzygial pairs. Anomalo-
crinus, Meek & Worthen (1885 ; syn. Ataxocrinus, Lyon), Ordovician, N.
Anmerica, differs from the last three genera: (1) in greater irregularity of
RR, L. post. R being larger than the others and often bisected vertically
(L ant. R or ant. R, as well as r. post. R, are horizontally bisected as usual); (2)
in its peculiar arm-branching (Fig. LVIIL 4). Herpetocrinus, Salter (1873 ;
synn. Ophiocrinus, Charlesworth ; Myelodactylus, Ang. and [?] Hall; [%}
Brachiocrinus, Hall. Fully described, Bather, 1893), Silurian, Europe,
and probably N. America. Crown bent, in the transversal plane, back
on the stem, which is then coiled around it in the opposite direction
(Fig. LIX.). The coil could be tight, or could be uncoiled and the crown
exposed ; the movement was effected by an elastic ligament towards the
inner margin of the columnals, counteracted by strong muscles towards
the outer margin, the fulcrum being a transverse ridge. Columnals show
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traces of original pentamerism, but over the greater part of the stem are
crescentic in section, the concavity being on the inner margin. Cirri,
born_e on the horns of the crescent, vary in their arrangement in different
species. No root in adult. One ray missing ; other RR all compound,
except 1. post. R sometimes ; x lower than in other Heterocrinidae, partly
rests on r. post. R7 (the radianal, RA). The tube outwardly resembles a
serles of Br and covering-plates. Arms slightly heterotomous. The
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Fig. LIX.

Herpetocrinus Fletcheri, in its natural coiled position, the cirri which covered the crown
having been removed. C, cirri; S, longitudinal suture of stem ; ¢, anal tube. (After Bather,

1893.) x 2.

remarkable resemblance of the coiled cirriferous stem to a pinnulate,
canaliculate arm has misled most writers ; for the crown is rarely visible
(vide p. 134). FaMmiLy 4. CALCEOCRINIDAE. Monocyclica Inadunata, with
the essential characters of typical Heterocrinidae, the 1. ant., r. ant., and
r. post. RR being compound, and the arms branching primitively on the
plan of Heterocrinus heterodactylus ; but with the following modifications
induced by the bending down of the crown :—the r. post. IR lies alongside
the stem ; the 1. ant. R lies away from the stem ; the plane thus marked
is one of a gradually increasing bilateral symmetry ; r. post. arm always
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absent, its place being occupied by anal tube; the tube encroaches on
r. ant. arm, so that this too disappears; r. post. Rs and r. ant. Rs fuse
to form a T-shaped piece supporting anal tube; the T-piece atrophies,
and the tube then rests on the corresponding inferradials ; the simple RR
(l. post. and ant.) increase in size, forming the sides of the cup and bend-
ing round on the adcolumnal side where the anal tube is, as well as on
the acolumnal side, where they eventually meet between the two halves
of L. ant. R; the arm borne by 1l ant. R may fork once, but unsually

Fic. LX.

Sy \ ) Calceocrinus tucanus, from the anterior side.
N h /r.a. R B, the base, hinged to left anterior radial,
[ X7 which is out of sight, and flexibly jointed to
p \“)‘ B r.@.Ri, right anterior inferradial; the super-

e ‘\ radials of this and of the corresponding radial
@OT NN

SRS \' on the other side are hidden by the series of
oéég“’\{\‘\\‘\“‘\\

main-axils, I4z to VAz, which support the
branches of the two large side-arms; the
IAX visible side-arm, a.Br, is the anterior, and
\ springs from a. R, anterior radial ; its diminished
5 branches are seen at and §, its enlarged
\ branches at T'; the single arm along the upper
x side is the left anterior (l.a.Br). (After Bather,
1893.) Natural size.
remains simple, owing to the extraordinary development of the arms
borne by the two large RR on either side of it; the adcolumnal ramus
of each of those arms is reduced to a series of 3-8 axillaries (main-axils)
which lie side by side, curving round towards the anal tube; each main-
axil gives off a branch which itself bears armlets, which in turn may
assume the regular nature of pinnules, and are rarely visible on the
exterior of the folded arms; the acolumnal ramus dwindles in size and
becomes hidden by the other branches; r. post. B atrophies, 1. post. and
l. ant. BB fuse, and the three plates thus left form a triangular base,
which is regularly hinged to the . ant. R¢, so that the crown could move
up and down in the sagittal plane of its bilateral symmetry ; on the other

hand, the columnals have each a slight curvature in this plane, and this

Fre. LXIL

Diagrams illustrating the structure of the posterior area in 1, Castocrinus; 2, Euchirocrinus;
8, Calceocrinus ; 4, Halysiocrinus.
kept the stem itself rigid. The various stages in the evolution are
marked by 4 genera (Fig. LXI.) : Castocrinus, Ringueb. (1889), Ordovician,
N. America ; Euchtrocrinus, Meek & Worth. (1873 ; synn. Cheirocrinus,
Hall non Eichw. ; Cremacrinus, Ulr. ; Proclivocrinus, Ringueb.), Ordovician
and Silurian, N. America ; Calceocrinus, Hall (1852, em. Ringueb,, 1889 ;
synn. Cheirocrinus, Salter, nom. nud. ; Pendulocrinus, Austin, MS. ; 1 Delta-
crinus, Ulr.), Silurian and Devonian, N America and Europe ; Halysto-
crtnus, Ulrich (1886, em, Bather, 1893), Carboniferous, N. America. For
history and morphology see Bather (1893).



THE CRINOIDEA 149

FaMiLy 5. P1socRINIDAE. Monocyclica Inadunata with 1. post. R
and ant. R much larger than the other RR; r. post. R is the only
compound R transversely bisccted, and its lower half separates r. post. Rs,
and r. ant. R from BB, and forms with the two large RR the greater part
of the dorsal cup.  Arms unbranched and non-pinnulate. An anal tube
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Pisocrinidae and Catillocrinidae. PR, pararadials; ¢, anal tube plate = z; R’, radianal
=RA ; other letters as usual. In Mycocrinus the radianal and lower parts of RR are hidden
and therefore represented by dotted lines.
usually present, resting on post. RR or on their processes. Genera—Piso-
crinus, de Koninck (1858), Silurian, N.-W. Europe and N. America (Fig.
LXII. 1; see also XVIIL 5), and Triacrinus, Miinster (1839, syn. Tricho-
crinus, J. Miiller, 1856), Dexonian, Germany (Fig. LXIL. 2), differ in that
the former has 5 BB, the latter 3. But incipient fusion of BB is seen in
P. ollula, and 5 BB occur in some Triacrinus. The anal tube closely
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resembles an arm, and its presence was first notified in 1893. The relations
of the cup-plates, till then misunderstood, were thus shown to be essentially
the same as in the majority of Monocyclica, while the origin of Calycantho-
crinus, Mycocrinus, and Catillocrinus became clear. This was confirmed by
Jaekel (1895). Pisocrinus was shown by Wachsmuth to have 5 O sur-
rounding a peristomial space ; a groove passed along each interoral suture,
and probably conveyed the food-grooves to the central opening. The
rectum passed into the anal tube between post. O and adjacent RR. An
anal tube is said by Jaekel to have been absent from the thinly plated
species of Triacrinus in Devonian slates.  Calycanthocrinus, Follmann
(1887), Lower Devonian, Germany, shows a remarkable modification,
in the introduction of small arm-bearing plates (*pararadials” PR),
in the positions shown in Fig. LXII 3. This may be compared with
the vertical bisection of a radial in Anomalocrinus or the addition
of 5 “interradial radials” in Promachocrinus; but it is the first stage
of a process continued in Catillocrinidae. It is hard to see how this
process could have been inaugurated except as a discontinuous meristic
variation (cf. Bateson, Materials for the Study of Variation, chap. xvii.
1894). Famiry 6. CATILLOCRINIDAE. Monocyclica Inadunata, in which
L. post. R and ant. R are much larger than the other RR, and bear PR,
usually fused to them ; no RA visible. Arms unbranched and non-
pinnulate. Anal tube resembling arms, but stouter, rests on left process
of r. post. R. Genera—Mycocrinus, L. Schultze (1866, W. & Sp., 1886 ;
Jaekel, 1895), Middle Devonian, Germany (Fig. LXII. 4), differs from Caly-
canthocrinus in the suppression of RA and the PR borne by it ; the still
greater size of 1. post. R and ant. R, which now bear 6-7 arms apiece, ..
15-17 arms to the whole crown. The 3 BB become fused, while the
10-12 PR are nsually fused with the large RR on which they rest. The
increase in size of the large RR takes place chiefly in the upper part ; all
the RR rest on the basal circlet, which forms a knob sharply separated
from them. Catillocrinus, Shumard ex Troost (1860, syn. Nematocrinus,
Meek & Worthen; see W. & Sp., 1886), Lower Carboniferous, N.
America (Fig. LXII. 5). The cup has here resumed a shallow basin-
shape, and differs from Mycocrinus in the complete fusion of BB and the
still greater lateral extension of the l. post. R and ant. R in their upper
regions. Those large RR now bear 15-31 arms apiece, there being
usually more on ant. R than on L post. R (cf. Calycanthocrinus). The PR
are absolutely fused with RR, or were never developed at all. The basal
circlet projects upward on L. ant. side, but is almost hidden by the stem on
the other side. The arrangenent and shapes of the plates curiously
resenible those which obtain in Halysiocrinus, while the arms may be com-
pared to the branches that spring from the main-axils in that genus, A
similar result has been attained by two lines of development, which, in
their initial stages, were as different from one another and from the
normal type as could well be. The relationship of these forms is a
problem that would repay yet deeper study. FAMILY 7. ZOPHOCRINIDAE.
Monocyclica Inadunata, with 3 BB, 2 equal and 1 larger ; 4 RR, 1 rather
larger than the rest, and probably equals r. and 1. post. fused ; 5 O form
solid tegmen, post. O being the largest, and r. and 1. ant. O the smallest
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and, what is rather unusual, not meeting post. O in centre ; anus unknown;
5 groups of short arms lie where the interoral sutures meet the RR,
which is not in the middle of any RR except ant. R (see Fig. LXIIL 2);
each arm-group appears to consist normally of 3 elements, 2 inner and
1 outer, all springing equally from the calyx ; stem with small axial canal.
Genus—Zophocrinus, 8. A. Miller (1891), Silurian, Indiana (Fig. LXIIL).
Theca pear-shaped ; Miller says there are 5 arm-plates in each group, and
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Zophocrinus howardi, from a specimen in the collection of Hon. F. Springer. 1, from
posterior, X §; 3, oral surface, X 4 ; 8, dissection of plates.

this may be so in some specimens ; these arm-plates may be compared
with the arms of Catillocrinidae, but whether they bore further Br is
uncertain. The tetramerism of this genus affects the cup only, and was pro-
duced by fusion, not by atrophy as was probably the case in Herpetocrinus.

FamiLy 8. HAPLOCRINIDAE. Monocyclica Inadunata, with 5 BB, 5
RR, of which 1. ant., r. post,, and r. ant. are compound ; tegmen composed
solely of 5 O, one being pierced by a pore (?anus+ hydropore); 5 arms,
unbranched and non-pinnulate, the food-grooves supposed to be subteg-
minal. Genus—Haplocrinus, Steininger (1837 ; Aplocrinus, d’Orb. ; see
W. & Sp, 1886), Devonian, Europe and N. America (Figs. XXXV.

and LXIV.); resembles the typi-

cal Heterocrinidae in its cup, &.Anus
the Pisocrinidae in its arms, ]ant lpost*—rpost mant Ant

and Allagecrinus in its tegmen,
The pore in post. O was dis- %@ 8@ RR
cussed on p. 126. FamiLy 9. A
ALLAGECRINIDAE.  Monocyclica @ @ @ BB
Inadunata, with 5 BB, 5 RR all
simple, but of unequal and vari-
able size, the larger omes often
bearing 2 arms, while some arms
may occasionally be absent or diminished in size ; tegmen composed in
the young of 5 O, one pierced by a pore (fanus + hydropore) ; 5 arms un-
branched and non-pinnulate, the food -grooves supposed to be subtegminal.
Genus— A llagecrinus, Etheridge & Carpenter (1881, restricted by W. & Sp.,
1886), Lower Carboniferous, N. America, Upper Carboniferous, Scotland,
resembles Haplocrinus in its tegmen, while the duplication of arms is

F1e. LXIV.
Dissection of cup of Haplocrinus. R =radianal.
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reminiscent of Calycanthocrinus; here, however, the RR are axillary,
and PR not developed. Rowley (1895) has described calyces less than
‘5 mm, high. FamiLy 10. SYMBATHOCRINIDAE. Monocyclica Inadunata,
with 5 simple RR, bearing 5 unbranched, non-pinnulate arms, which rest
as a rule on broad articular facets projecting adorally in ¢ muscle- plates,”
corresponding to the muscle-fossae. Genera—~Phvmocrinus (Low. and Mid.
Devouian, Europe), Stylocrinus and Stortingocrinus (Mid. Devonian, Europe),
Symbathocrinus, including Lagentocrinus, which is probably its young (Upper
Devonian and Lower Carboniferous, Europe and N. America). Phimocrinus,
Schultze (1866), is primitive in having 5 BB, while all the rest have 3 ;
the oldest species, P. Joubertz, Oehlert, shows clear traces of horizontal
suture in r. post., r. ant,, and 1. ant. RR, the usual compound RR of typical
Heterocrinidae ; the proximal plate of the anal tube is placed as in those
forms. The latter feature is also found in Stortingocrinus, Schultze (1866),
which is notable for having the small unfused B in 1. post. IR, and the
angles of the columnar canal radial in position, though the genus is Mono-
cyclic.  Stylocrinus, Sandberger (1850), has no facet on RR for support
of an anal tube, nor is the usual passage for the rectum seen in the cup-
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Fra. LXV.

Dissection of cup of Symbathocrinus, The projections on the R are muscle-plates.

RR

wall ; therefore one cannot orient the small B ; the anus probably pierced
post. O.  Symbathocrinus, Phillips (1836), has small B in 1. ant. IR, as in
Platycrinidae ; the anal tube rests on the shoulder of r. post. R; 5 O,
all small, post. O Dbeing the largest and separated from the muscle-plates
of the adjacent RR by the passage of the rectum (Fig. LXV.). The family
is not clearly defined, and its Middle Devonian members present remarkable,
though superficial, resemblances to the contemporary Cupressocrinidae.
FamiLy 11. BELEMNOCRINIDALE. Monocyclica Inadunata, with 5
BB, 5 simple RR, each supporting by a slightly excavate facet an arm
which forks on IBr, o ,; each ramus, with numerous syzygies in the
proximal portion, bearing ramuli on alternate sides of most epizygals
and of all ordinary distal brachials ; single rarrow anal in radial circlet,
resting on post. B, and supporting a large anal tube composed of alter-
nating hexagonal plates, folded on their lateral margins. Genus—Belem-
nocrtnus, White (1862), Lower Carboniferous, N. America. Dorsal cup
elongate, its plates solid, and thecal cavity a narrow canal below and
shallow excavation above, thus resembling that of many Neozoic crinoids,
B. typus has no cirri on the stem, which is circular in section ; B. Slorefer
has a stellate stem of true Monocyclic type, with 3 or 4 cirri to each node.
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Mzs.s:ouricrinus, S. A. Miller (1891), Burlington group, if truly Mono-
cyclic, must be placed near here.

. Faminy 12. PLICATOCRINIDAE. Monocyelica Inadunata, with BB fused
into a knob-like support ; 4 or 6 (exceptionally 3, 5, 7, or 8) simple RR,
enclosing wide thecal cavity, each supporting an arm, which forks on
IBr, ; IIBr wedge-shaped, united by perforate articulation, not, so far as
known, by syzygy, regularly pinnulate ; pinnulars tend to fuse. Tegmen
unknown. Columnals cylindrical; with radiately striated joint-surface.
For full account, and for the evidence of the axial canals passing from RR
into the fused basal circlet, so proving that it is no columnal, see Jaekel
(1893). Genera— Plicatocrinus, Miinster (1839), Upper Jura, Germany
(Fig. LXVL), thin RR enclose a wide and deep thecal cavity, facets from
3 to £ width of R, crescentic, without
large muscle-plates ; proximal pinnules
composed of 3 pinnulars, which in sue- ~ \v")
ceeding pinnules are fused to a solid piece. —
Tetracrinus, Miinster (1839), Upper Jura, ':séa// /

¥/

///
AFAY
N\

\

A\

France and Germany, has thick RR with === / '

strong muscle-fossae. The occasional oc- “"Tg‘// \\a‘/
currence of 3, 5, 7, or 8 rays shows that i@d / \\\ﬁv/
the normal 4 and 6 arose from the more N4 / \\\‘,‘V/
usual 5 as sports (.. discontinuous meris- 90’ /// {\ ‘f(/
tic variations). Famiry 13. HYOCRINIDAE. RN/ mp'//f
Monocyclica Inadunata, with 3 thin BB, PN B2
the smaller one in 1. post. IR ; 5 RR, thin, 9‘"‘3‘oﬂ/
broad, and spade-shaped, with a slight axial : '."‘ R
fold running straight up the middle from 1 Ax.""'* B
the subjacent B and ending in a narrow s
facet ; 5 arms, bearing unbranched alter- Flo. LXVL

1lat§ng ramuli, which may be modified in Plicatocrinus Fraasi, from aboral
their proximal portions for reception of Zb‘ﬁfi‘,?ite‘."‘“‘( :“l‘:pt‘;‘(‘lmfrre;ﬁl“e‘}ﬁagl‘:
ripe gonads; Br long, cylindrical, with 1ss2, x §.)

deep, narrow ventral groove; below the

first ramule, which is on the right of each arm, are 6 Br, with the
Jjoint between each pair a syzygy; between successive ramuli are 3
Br, united by syzygies; proximal ramuli the longest, and the follow-
ing ones proportionately shorter, so that they all terminate on the
same level as the arm ends; 5 triangular O, separated from RR by
iAmb and Amb, cover the wide mouth and circumoral tentacles; each O
as a rule pierced by a water-pore, and post. O by 2; water-pores also
pierce several iAmb, but not in post. IR ; anal tube reduced to a small
cone towards the left of the post. interambulacrum ; columnals cylindrieal,
slightly higher than wide, united by dises of ligament-fibres, joint-
surfaces hollowed and plain or indistinetly striate, with stellate axial
canal ; no cirri ; root unknown. The sole living representative of the
order is the unique species Hyocrinus bethellianus, W.-Thomson (1876,
Fig. LXVIL.), dredged by H.M.S. Challenger 30 miles W. of Crozet Is,,
in the Southern Ocean, while columnals are said to have been found
in Mid-Atlantic just N. of the Equator ; see P. H. Carpenter (1884).



154

T7HE CRINOIDEA

Evidence for its truly

I IID “g\‘\“\‘.‘
NIV

SIS
AT

VWA,
=
3N,

S
TAN

_____,_.._
S
e
SIIDODDN )

— m= A

—

ZES

Tais.

Q_?‘Q“‘Q‘
S S e w2 Ay
°Y *w‘\____.‘_-/;g
TR IO I3
= 2 )

=
ne

R
"\

vy
e,

Pl

2 e — s
Ny

2

)
h
q
[l
[l
§
i

.

Fic. LXVIIL

Hyocrinus bethel-
vtanus. (From
Challenger Narra-
tive, X §.)

Monocyclic nature is wanting; but in the
absence of proof to the nontrary, it must be
left in this, apparently natural, position. The
stem is not unlike that of some Plicatocrinidae ;
the branching and syzygies of the unforked
arms remind one of the structure in the
arm-rami of Belemnocrinus and Saccocoma ; the
cup is not unlike that of Plicatocrinus Fraasi.
The only specimen at all complete is a 1nale,
with testes probably mature and swelling out
in the proximal portions of the proximal
ramuli ; in these regions each ramnular sup-
ports 2 or 3 square side-plates on either side,
and these support the covering-plates. The
orals could probably open to expose the
funnel - shaped gullet, which leads into a
narrow gut with single dextral coil ; glandular
ridges line the gullet and first part of the gut.
The intra-thecal connective tissue contains no-
spicules. FaMiLy 14. SaccocoMIDAE. Mono-
cyclica Inadunata, in which 5 RR and a
minute centrale enclose a large spheroidal
thecal cavity ; each R has a prominent median
ridge ending in a narrow facet, which sup-
ports a thin arm, forking on IBr, ; beginning
at about IIBr,,, each ramus gives off from
every 3rd Br unbranched alternating ramuli
arranged as in Hyocrinus; the rami and
ramuli are usually found rolled up in their
distal portions; Br cylindrical, elongate ;
Iax and the more proximal I1Br may bear
lateral, paired, wing-like expansions, which
in the more distal Br and the ramulars are
always represented by delicate trellised pro-
cesses, with thicker upper and under mar-
gins, which it is conjectured supported a
continuous membrane ; no stem ; all skeletal
elements very thin and coarsely reticulate.
(Genus—~Saceocoma, L. Agassiz (1834 ; syn.
Euryale, Konig), Solenhofen Lithographic
Stone, Upper Jura (Fig. LXVIIL). Jaekel,
who has admirably elucidated the structure
and affinities of this wonderfully specialised
crinoid (1893), considers that,the arms were
swimming-organs, the food-groove, ambulacral,
and genital systems being atrophied at their
distal ends, and that the animal was pelagic,

floating in enormous swarms in the peaceful lagoons of Eichstiadt and

Solenhofen.
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1 2
Fre. LXVIIL

Saccocoma. 1, S. tenella, from aboral surface (after Jaekel, x ). 2, S. pectinals, from
aboral surface, to show coiling of arm-branches (x ). 3,"S. pectinatz, cup and proximal
brachials from side (after Zittel, x 2).

OrpER 2. Adunata (Bather, 1899).

Monocyclica with dorsal cup primitively confined to the patina and
an occasional single anal ; tegmen solid ; portions of the proximal Br
and their Amb tend to be rigidly incorporated in the theea. Arms fork
once to thrice, and bear pinnules on each or on every other Br. BB fused
to 3, 2, or 1. (Eucladocrinus and Acrocrinidae offer peculiar exceptious
to this diagnosis.)

The genera of this order have been referred, in whole or part, to the
Camerata or their cquivalents by most recent writers. But most of the
Silurian genera here included are admitted as close allies of Monoeyelica
Inadunata. If so, then they were derived from Inadunata ages after the
typical Camerata had appeared. Moreover, though the Devonian and
Carboniferous descendants of these Silurian genera became modified after
the fashion of the Camerata, there is scarcely one in which the modification
is so great as in the simplest Camerate. The order is divisible into two
groups—A. with RR in contact all round the cup, and base consequently
pentagonal in outline ; B. with RR separated by an anal plate in post.
IR, and base consequently hexagonal in outline. The relations of
these ‘groups are not clear. B. may be derived from 4. by sudden inter-
calation of an anal, or 4. and B. may have descended independently from
Inadunata ; the absence of B. from Silurian rocks renders the former
hypothesis more probable. There is no diﬂiculty in imagining the descent
of eair]y genera of 4., such as Cordylocrinus and Coccocrinus, from Hybo-
crinidae in which the cup had become as symmetrical as in, say, Stephano-
crinus while the arms had passed through regular dichotomy to a stage
with ramuli, as in Ectenocrinus. The actual intermediate form is not yet
known, but that it will be found among Ordovician crinoids is a

legitimate inference.
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GrouP A. Famiry 1. PraTvcriniDAE. No anal. BB 3 (=2 fused
pairs and 1 unfused, this being usually the left, sometimes the right,
antero-lateral) forming a pentagon. Cordylocrinus, Hapalocrinus, Cocco-
crinus, and Cylicocrinus, which appear in the Silurian and continue to
Devonian, are more primitive than the rest. Marsipocrinus, though also
Silurian, is considerably more advanced, and may be regarded as a
first attempt at the typical Platycrinus structure ; it was apparently an
unsuccessful attempt, since it left no descendants, although Wachsmuth
& Springer and Jaekel seem to regard Platycrinus as such. Platycrinus
came in the Carboniferous, with its offshoot Eucladocrinus, and, unless
we are to imagine a reversal of the general trend of evolution, must be
derived from a simpler form than Marsipocrinus. These facts are best
presented by instituting 3 sub-families. SuB-Faminy 1. COCCOCRININAE.
Platycrinidae with IBr 2 (3 in Hapalocrinus Victoriae) ; 11Br more than
2 ; few Amb and iAmb in tegmen ; (?) anal tube rarely present ; stem cir-
cular in section ; lumen small and round. Genera—Coccocrinus, J. Miiller
(1855, syn. Amblacrinus, d’Orbigny pars, 1849), Silurian of America,
Devonian of Europe ; O large, symmetrical, almost covering the tegminal
ambulacra ; iAmb 1 or 3 ; anus between O and iAmb ; arms apparently
delicate, fork once, distal portions unknown. Cylicocrinus, J. Miiller
(1855, as Culicocrinus; Jaekel, 1895), Devonian, Germany (Fig. XL.),
differs from” Coccocrinus chiefly in having heavy biserial arms. Hapalo-
crinus, Jaekel (1895, em. Bather, 1897 ; includes dgriocrinus, Thallocrinus,
and Clematocrinus, Jaekel), Silurian of England, Australia, and (?) N.
America, Devonian of Germany (Fig. LXIX.); O small ; iAmb more than

y 1; Amb visible between O and iAmb;
arms fork once, sometimes twice, varying
in this respect in the same species, or even
individual ; IIBr (and IIIBr when pre-
sent) uniserial, or slightly in zigzag, bear-
ing alternately disposed pinnules, either
on each or on every other Br; cirri at
the root, and often on nodals. Cordylo-
crinus, Angelin (1878 ; W. & Sp., 1897
Bather, 1897), Silurian of Gotland and
England, Lower Devonian of N. Ainerica ;
differs from Hapalocrinus in having com-
pound .IIBr, each of which bears a pin-
nule on each side. Sun-FawmiLy 2.
MaRrstPockiNINAE.  Platycrinidae with
one IBr ; IIBr, if not finials, one or two ;
many Amb and iAmb in tegmen; no
anal tube; stem circular in section; lumen

T i - _
Hapalocrinus retiarius, from Brit. la ge and qumquelobate. Genus— Mar

Mus, E5615. ¢, cirri; iBr, interbra- sipocrinus, Bather (1889, nom. nov. pro

chials. The suborals of Jaekel. Other . . 17
letters as usual. x 8. Marsupiocrinus, Phillips, 1839, non de

Blainville, 1830 ; syn. Cypellocrinus vel
Cupellaecrinus, Shumard, 1866, ex Troost MS., non Steininger), Silunan,
N.-W. Europe and N. America ; arrangement of cup-plates shown in Fig.

Fiec. LXIX.
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LXX., and of tegmen in Fig. XXXII. ; O rather small, pushed anteriorly,
and asymmetrical ; tegminal IAmb and ITAmb distinctly visible ; arms fork
once or twice, stout, biserial, with large pinnules ; no cirri on column. The
large size of the cup is accompanied by development of stroma-strands across
the sutures. The large tegmen permitted a Gastropod (P’ ‘yceras) to attach
itself above the anus and live on the excrement ; this is seen in many of
the larger Adunata and Camerata and a few other crinoids (Keyes, 1888).
SuB-FAMILY 3. PLATYCRININAE. Platycrinidae with IBr 1 (rarely 2), IIBr 2
(rarely 3); tegminal Amb and iAmb usually more than in Coccocrininae,
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Maoxrsipocrinus, from Brit. Mus. E6519. pn, pinnules ; other letters as usual, Nat. size.

fewer than in Marsipocrininae ; anal tube often present ; section of stem
circular near the cup,ellipticor rhomboid below, with fuleral ridge following
long diameter ; lumen small and round. Genera— Platycrinus, Miller
(1821, W. & Sp., 1897 ; synn. Centrocrinus and Pleurocrinus, Austin ;
Edwardsocrinus, ’Orb.), Devonian (1 species), Carboniferous, Europe and
N. America (Fig. LXXL); 1-3 iAmb always rest on the adjacent shoulders
of the RR in each IR, and consolidate a varying number of Br and Amb
with the calyx ; arms fork once to thrice (exceptionally more), the dichot(')my
often irregular, producing 6 rami to the arm ; columnals have a slight
skew, so that the fulcral ridge of the proximal surface'hes at a,n.angle to
that of the distal surface ; thus the flattened stem, which otherwise could
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move only in one plane, has a spiral twist that enables it to bend in any
direction (Fig. XLIX. 5, 6). Eucladocrinus, Meek (1871, W. & Sp,,
1897), Carboniferous, N. America ; appears late in the history of - Platy-
crinus, from which it was evolved polygenetically by modification of the
arms ; two main rami to each arm (sometimes only one ramus) composed
of biserial Br, with large almost rigid Amb, form tubular extensions of the
thecal cavity, and give off on alternate sides short, biserial ramuli, which
in turn bear pinnules (Fig. LXXI. 4). This sketch of the evolution of the
Platycrinidae is confirmed by the ontogeny of Platycrinus. In young
stages (Fig. LXXI. 2) the basal cup is relatively shallower ; RR less high ;
columnals circular in sectiof ; Br uniserial, later on zigzag, and longer ;
pinnules relatively stouter and wider apart; O relatively larger, and

CSAN

o

Fre. LXXI.

Platycrininae. 1, aboral view of cup and proximal brachials of Platycrinus subspinosus (after
Wachsinuth & Springer). 2, crown of young P. Hunisvillae, from Brit. Mus. E6778, x §. 38,
calyx of P. eminulus, anterior view (after W. & Sp.). 4, arms of Eucladocrinus millebrachiatus,
oral surface showing covering-plates (c.p) and aboral surface (after W. & Sp.). B/, articular facet
for arins ; Rm, ramus; 7, ramule ; other letters as usual. All (exc. 2) two-thirds natural size.

occupying greater part.of tegmen. From this obviously Coccocrinine stage,
the change to the mature Platycrinus has been observed in many species.
Group B. FamiLy 2. HExXACRINIDAE. Cup formed of 1, 2, or 3 BB,
forining a hexagon; 5 RR; and 1 anal in line with RR. The family
is closely related to the Platycrinidae, but differs in the hexamerous
symmetry ; also, as a consequence of this, in the presence of an interbasal
suture in post. IR, whereas in Platycrinidae the nearest to that position
is in r. post. radins. Genera— Heracrinus, Austin (1843, Schultze, 1867,
W. & Sp., 1897), Devonian, Europe and N. America (Fig. LXXIL);
BB 3 ; IBr, 2 united by syzygy in America, only 1 in Europe ; arms with
2 rami, bearing ramuli. on one or both sides at intervals ; Br uniserial,
and all except axillaries bear pinnules ; tegmen as in Platycrinus; stem
circular in section, with small round lumen. Arthracantha, Williams
(1883, syn. Hystricrinus, Hinde, 1885), has theca‘of same structure, but
armed with movable spines borne on tubercles; arms dichotomous, biserial ;
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stem circular in section. Dichocrinus, Miinster (1838, W. & Sp., 1897,
syn. C’otyl-edonocrinus, Casseday & Lyon, 1860), Carboniferous, Europe and
N. Amer‘lca ; BB 2; IBr 2, united by syzygy ; IIBr, 4nq , and, when arms
fqu ‘again, I11Br, ,,4 , are united by syzygy ; arms thin, uniserial or
biserial, occasionally pendent ; stem circular in section. Camptocrinus,
W. & Sp. (1897), Carboniferous, America, differs from Dichocrinus

D,
UPYUY

1

, Fia. LXXII
Hexucrinus. 1, analysis of cup ; 2, H. pateraeformis, cup from below. (After L. Schultze.) x 1.

only in the structure of the stem, which in its crescentic section and 2
series of cirri resembles that of Herpetocrinus (p. 147). Talarocrinus, W.
& Sp. (1881-97), Carboniferous, N. America ; differs from its ancestor
Dichocrinus in its more massive plates and in having but one IBr to an
arm, and that small ; anal resembles ant. R in shape and size ; arms
branch twice, biserial, free from IIBr inclusive. Pterotocrinus, Lyon &
Casseday (1859, W. & Sp,, 1897 ; syn. Asterocrinus, Lyon non Miinster),
Carboniferous, N. America; a remarkable modification of Talarocrinus,
with Br up to IIIBr incorporated in cup ; large
wing-like processes spread out from tegmen, and
probably represent the hypertrophied axillary
IAmb. With this exaggerated type, the nearest
approach to the true Camerata, the Hexacrinidae
become extinct. FaMminy 3. ACROCRINIDAE. Cup
formed of 2 BB, forining a hexagon; 56 RR; 1
anal in line with RR ; and a large belt of acces-
sory plates between BB and RR. Acrocrinus,
Yandell (1855, W. & Sp., 1897), later Carboni-
ferous, N. America (Fig. LXXIIL); derived from
Dichocrinus, which it otherwise resembles, by the
gradual intercalation of 6-20 circlets of supple-
mentary plates, ‘“superbasals” (8B); the SB im- Fre. LXXII.
mediately above BB are always the latest formed  Acrocrinus amphora. (Re-
and the smallest ; the SB supporting the anal and Songacges, from WWachs:
ant. R are in single series, the rest alternate.

In A. amphora the arms were recumbent on the cup and apparently
immovable. This remarkable family was the last to appear, and sur-
vived all other Adunata and all Camerata.

OrDER 3. Monocyclica Camerata
(= CamERATA, W. & Sp. pars).

Monocyclica in which IBr,two in each ray (exc. Stereocrinus, Hadrocrinus,
Alloprosallocrinus) and often succeeding orders of Br, are incorporated by
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iBr in the dorsal cup (becoming “fixed brachials,” Br), while the corre-
sponding Amb are either incorporated in, or pressed below, the tegmen
by iAmb; all thecal plates united by suture, somewhat loose in the
earliest forms, but speedily Lecoming close, and producing a rigid theca ;
mouth and tegniinal food-grooves closed ; arms pinnulate.

The families may be grouped somewhat after the plan of Wachsmuth
and Springer (1897), thus :—

A. No anal plate in radial circlet of patina. BB usually form a

pentagon. Melocrinoidea.

B. An anal plate between RR in post. IR. BB form a hexagon.

1. Proximal anal heptagonal, succeeded by one or more in the
same vertical series, between the ordinary iBr. Batocrin-
oidea. '

2. Proximal anal hexagonal, succeeded by no vertical series, but
by 2 iBr. Actinocrinoidea.

Whether Group B. was derived fromn some genus in Group 4. is un-
certain ; representatives of both groups are found in the Ordovician. It
is more probable that B,2 was derived from B 1, by way of the Periecho-
crinidae. Among Melocrinoidea the Patelliocrinidae are scarcely removed
from the Inadunata, and some of their genera might almost be placed
with the early Adunata, with which they were contemporary. Although
their occurrence in the Ordovician is doubtful, yet the existence of the
family points to the path along which the Camerata ascended. The
Glyptocrinidae and Melocrinidae, which differ in little but number of
BB, and both have anals in the dorsal cup, may have been derived from
such a form as Stelidiocrinus, which also has anals. With less doubt we
infer that the Patelliocrinidae without anals gave rise to the similarly
constituted Clonocrinidae, from which sprang Eucalyptocrinidae, and
probably also Dolatocrinidae. Among Batocrinoidea the simplest and
one of the oldest genera is Tumaocrinus, with 5 BB, and not far from
it come the earlier Xenocrinidae, with 4 BB, which perhaps led on to
Periechocrinidae, and so to Actinocrinoidea. The important ancestral
family, however, is the Silurian Carpocrinidae, in which Acacocrinus is
nearest to the Inadunate type. From them arose Barrandeocrinus with
its recumbent arms, then the Coeliocrinidae without anal tube or respira-
tory pores, and, later on, the Batocrinidae possessed of both those structures.
No members of this order survived the Lower Carboniferous, but during
their history they developed some of the most numerous in individuals
and species among crinoid genera, and in Barrandeocrtnus, Kucalyptocrinus,
Agaricocrinus, and Strotocrinus, some of the most remarkable of all
Echinoderma.

Sus-OrDER 1. Melocrinoidea. Monocyclica Camerata with RR in
contact all round ; IBr, usually quadrangular.

Famiry 1. GLYPTOCRINIDAE. Melocrinoidea with 5 BB ; in each half-

ray 2-8 11Br, sometimes II1Br; free arms rarely branch beyond IIIBr,
and may be uniserial, zigzag, or biserial ; iBr numerous but definite ;
iIIBr numerous, less definite; a ridge of anals in post. IR ; tegmen
of numerous small plates; stem round, with pentagonal lumen. All
Ordovician of N. America, European representatives doubtful. Genera—
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Glyptocrinus, Hall (1847 ; W. & Sp., 1897 ; synn. Cansstrocrinus, W. &
Sp. 5 Pyc-noc'rinus, S. A. Miller), has small BB and arms in zigzag (Fig. XXV.).
Schizocrinus, Hall (1847 ; W. & Sp., 1881 ; (?) syn. Scyphocrinus, Hall
non Zenker), doubtful, but close to Glyptocrinus, arms uniserial. Periglypto-
crinus, W. & Sp. (1897), has large BB and biserial arms. FamivLy 2. MELo-
CRINIDAE. Melocrinoidea with 4 BB ; in each half-ray 2-5 IIBr ; these
support 2 or 4 main rami giving off pinnules or pinnulate ramuli ; iBr,
1IIBr, and post. IR as in Glyptocrinidae ; tegmen of numerous, small, and
irregular plates; stem round. Genera—Scyphocrinus, Zenker (1833 ;
non Hall, nec Pictet), Silurian, Bohemia and (?) N. America. Cup very
large, including many of the proximal ramuli, which enter the iBr
and ilIBr areas; subsequent rami are free and divergent; rami and
ramuli uniserial ; root a large hollow spheroid strengthened by internal
septa, regarded as a float (= Camarocrinus) by Hall, as a cystid ( = Lobolithus)
by Barrande. Mariacrinus, Hall (1859, estr. W. & Sp., 1881-97 ; syn.
Zenkericrinus, Waag. & Jahn), Silurian, Europe, N. America. = Free arms
composed of wedge-shaped IIIBr, divergent, may or may not bear a
few ramuli on their amedian sides (Fig. LXXIV 1). Melocrinus,
Goldfuss (1826; W. & Sp, 1897;
synn. Astrocrinus, Conrad ; Turbino-
erinus, 'Troost; Castanocrinus, and
Cytocrinus, C. F. Roem.; Clonocrinus,
Oehlert), Devonian, Europe and N.
America ; the 2 main rami of each arm
are laterally fused into one trunk with
single large ventral groove ; this bears
paired biserial pinnulate ramuli (Fig.
LXXIV. 2); thus the genus is related
to Mariacrinus as Eucladocrinus (p. 158)
to Platycrinus, and as Steganocrinus (p,
170) to Actinocrinus. Ctenocrinus, Bronn
(1840, em. Follmann, 1887), Lower
Devonian, W. Europe, is distinguished
by Jaekel (1895), but merged with 1 5
Melocrinus by W. & Sp. (1897); the Fic. LXXIV.

ossicles of the rami are compound, and : RaysB of M‘%locrinidae. 1, Mariacrinus,
g rom Brit. Mus. 57475. 2, Melocrinus
each may bear 2 Plnnlﬂes- nobilissimus (after Wachsmuth & Sprin-

FaMmILY 3. PATELLIOCRINIDAE. Melo- ger). REm, ramus; 7, ramule; p, pin-
crinoidea with but few Br incorpor- nule. Supplementary plates are shaded.
ated in cup; BB usually 3, unequal, may be the original 5, or may
fuse to 1; both IBr resemble free brachials ; in each half-ray 1, or
generally 2, IIBr, merging into free arms, which may be uniserial, zig-
zag, or biserial ; iBr 2-6, a single one rests on RR ; stem small and
round. This early Palaeozoic family contains genera with and without
additional plates in post. IR ; but all are simple forms, scarcely more
removed from the Inadunate type than are the Silurian Adunata. They
may be intermediate between Inadunata and some more advanced
Camerata, eg. Clonocrinidae ; but it is not probable that they represent
the ancestors of Glyptocrinidae or Melocrinidae. Genera—=Stelidicorinus,

II
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Angelin (1878 ; [?] syn. Harmocrinus,.Ang.), Ordovician, N. America.
and Silurian, Gotland (Fig. LXXV. 1, 2); 5 BB, uniserial arms, anals in

Fio. LXXV.

Patelliocrinidae. 1 and 2, Stelidiocrinus capitulum. 1, calyx from posterior ; 2, oral surface ;
3, Patelliocrinus puchydactylus. (All after Angelin, about nat. size.)
post. IR, large orals. Macrostylocrinus, Hall (1852, W. & Sp., 1897), Silu-
rian, N. America ; 3 BB, biserial arms, anals in post. IR, small plates in
tegmen. Allocrinus, W. & Sp. (1889-
97), Silurian, N. America; 3 BB,
uniserial arms, no anals in post. IR.
Patelliocrinus, Angelin (1878), Silurian,
Gotland (Fig. LXXV. 3); 3 BB, arms
zigzag or biserial, no anals. Briaro-
crinus, Angelin (1878), Silurian, Got-
land; 3 BB, arms secondarily uni-
serial, 7.e. IIBr are compound plates,
anals uncertain. Centriocrinus, Bather
(1899, nom. mut. pro “Centrocrinus,”
W. & Sp, 1881, non Austin, 1843,
nec Worthen, 1890) ; BB fused, arms
unknown, no anals in post. IR.
FamiLy 4. CLONOCRINIDAE. Melo-
crinoidea with 4 BB; in each half-
ray 1-2 I_I_Br, with varying number
of IIIBr and even occasionally 1VBr;
free arms biserial, sometimes forking
as far as VIIBr; iBr few and
definite ; iIIBr few, not always
present ; occasional iIIIBr; no anals
in post. IR ; tegmen unknown ; stem
round or sub-pentagonal. Genera—
Clonocrinus, Quenstedt (1876, non
Fro. LEXVL Oehlert, 1879 ; syn. Corymbocrinus,

Clonocrinus polydactylus. 1, from side Ang.), Silurian, England, Gotland, and

(from Brit. Mus. 40257); 2, vertical section N_ America ; base concave ; fre
(from Brit. Mus. B6489)  Lettering as 2 ! p

niva)  Nat: dize: isotomous from IIIBr to VIIBr;iBr ina
single vertical row, the two proximal
large and definite. This genus leads towards Eucalyptocrinidae. Poly-

peltes, Angelin (1878), Silurian, Gotland, seemsto have pinnules incorporated
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in the cup. It leads on to Trybliocrinus, Geinitz (1867 ; syn. Spyridio-
crinus, Oehlert, 1891), Lower Devonian, Germany and France, which
also h:as a_concave base. Technocrinus, Hall (1859, W. & Sp, 1897),
Devonian, Md., U.S.A., base convex, arms not branching beyond ITIBr,
no ilIBr ; the cup plates have axial folds as in Dolatocrinidae, which
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Fic. LXXVII.

Eucalyptocrinidae. 1, Callicrinus murchisonianus from the side, arms removed except on
the right ; 2, plates from distal end of anal tube; 8, the same plates from C. costatus ; 4, similar
plates described by Hall as Cryptodiscus,; 5, calyx of Callicrinus costatus; 1, 2, 3, 4 denote
successive circlets of the anal tube; i, ii, 1ii, denote the areas of origin of interbrachial
processes. Other letters as usual. 1, 2, 8, 5, after Angelin; 4, after Hall.

family may be thus connected with Corymbocrinidae. Faminy 5.
EUCALYPTOCRINIDAE. Melocrinoidea with usually concave patina of 4 BB
and 5 RR; in each halfray are 2 IIBr, supporting IIIBr, (and in

Eucalyptocrinus 11IBr,), followed by IIIBr, proximally uniserial, distally
biserial ; iBr 3, 2 resting on 1; iIlIBr 1 ; tegmen elevated in a central

anal tube, and composed of 4 circlets of large plates, variously shaped




164 THE CRINOIDEA

and bearing processes. When stripped of arms and processes, the theca
resembles a sherry-decanter with a kick at the bottom. At the junction
of cup and tegmen are the 10 pairs of ambulacral openings for food-grooves
and associated vessels, which pass beneath the tegmen to a central
mouth suspended beneath the neck of the decanter. From this a gut
winds dextrally down, around, then up, and out at the mouth of the
decanter. The processes borne by the tegmen are vertical partitions
rising from the fixed iBr and iIIBr to varying heights, while smaller
partitions are between the IIIBr series. Genera—Callicrinus, d’Orb.
(1849), Silurian, Europe and N. America (Fig. LXXVII.,, see Angelin,
1878, W. & Sp., 1897). The cup is built on almost the same plan as
that of Clonocrinus, the difference lying in the vertical fission of the 2nd
iBr. The partitions do not rise very high between the arm-branches ;
on the other hand, large spinous processes are frequently given off from
plates of both cup and tegmen, while the upper circlet of the anal
tube is often extended in 4 quadrant-shaped horizontal extensions
(Cryptodiscus, Hall ; see Weller, 1898). Eucalyptocrinus, Goldfuss (1826 ;
syn. Hypanthocrinus, Phillips), Silurian of Europe, N. America, and
(?) Victoria, Devonian of Eifel (see Angelin, 1878, and W. & Sp., 1897);
differs from Callicrinus in the great development of the vertical partitions,
which formn compartments in which the arms rest right up to their tips,
so that the closed crown is almost egg-shaped, especially as it has not the
obtrusive ornament of Callicrinus. Angelin has figured laminac of
stereom within the theca ; these served to support the subtegminal
food-grooves and mouth, and are pierced by the gut; they are not
hydrospires. This family was richer in species than any other of the
Silurian ; while the main structure was fixed, the ornament varied
greatly. FamiLy 6. DoLATOCRINIDAE. Melocrinoidea with large base,
flattened or concave, 3 BB, nearly always fused ; in each half-ray, 1-4

IIBr, and sometimes ITIBr and IVBr; free arms biserial, and may fork ;
‘Br,3 or more ranges ; iIlBr usually present, merging with iIIAmb; an
.dditional iBr exceptionally present in post. IR ; tegmen, when known,
solid, with large plates; stem round and large. All Devonian of N.
America.  Genera—JDolatocrinus, Lyon (1857 ; W. & Sp., 1897 ; syn.
Cacabocrinus, Hall), has 2 IBr, a stout almost central anal tube, respiratory
(% slits in interbrachial areas at junction of cup with tegmen (Fig. XLV, 1),
and plates usually with axial folds. Stereocrinus, Barris (1878, W. &
Sp., 1897), has 1 IBr, and BB unfused. Hadrocrinus, Lyon (1869 ;
W. & Sp., 1897 ; syn. [?] Coronocrinus, Hall), has 1 IBr and large iBr
variable in number and arrangement ; very large, and imperfectly known.
The single primibrachs of Stereocrinus and Hadrocrinus probably represent
the two IBr of Dolatocrinus fused (cf. Alloprosallocrinus).

Sus-OrDER 2. Batocrinoidea. RR in lateral contact except in post. IR.
Proximnal anal heptagonal. IBr; quadrangular, except in Periechocrinidae.

Faminy 1. TANAOCRINIDAE. Batocrinoidea with 5 BB ; the proximal
IIBr fixed, but outwardly resemble free brachials ; arms fork still further,
brachials wedge-shaped ; iBr and iIIBr numerous, irregular, occupying
depressed areas connected with tegmen, which was probably flexible and
composed of small plates; in post. IR is a vertical ridge of anals;




THE CRINOIDEA 165

stem relatively large and sub-pentagonal. Genus—Tanaocrinus, W. &
Sp. (1 897), Ordovician, Ohio (Fig. LXXVIIL. 1, 2). In structure and in
tu'ne: this genus is well fitted to be taken as an ancestor of the Carpo-
crinidae. FamirLy . 2. XENOCRINIDAE. Batocrinoidea with 4 BB ; each
h?.lf-x.-ay contains IIBr, and sometimes IIIBr; free arms in zigzag or
b1§er1a1. iBr and iIIBr, also iIIIBr when present, numerous. Post. IR
wider than the others, divided by a longitudinal row of ridged anals.
Teg.men of minute irregular plates. Stem quadrangular to circular in
section, with pentagonal lumen.  Genera— Xenocrinus, S. A. Miller
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Fig. LXXVIII.

Tanaocrinidae and Xenocrinidae. 1, Tanocrinus typus, posterior view, x 2 diani. 2, anterior
view, X 2 diam. 3, Xenocrinus, analysis of cup. 4, Compsocrinus harrisi, cup from posterior,
diagrammatic, X 2 diam. (All adapted from W. & Sp.)

(1881 ; W. & Sp, 1897 ; Fig. LXXVIIL 3); iBr sink between RR, so
as almost to rest on BB ; IIBr are finials. Compsocrinus, S. A. Miller
(1883 ; W. & Sp., 1897 ; Fig. LXXVIIL 4), has RR in contact except
on anal side; ITIBr sometimes fixed ; iBr stouter than in Xenocrinus.
Both Ordovician, Ohio. Abacocrinus, Angelin (1878 ; syn. ? Carolicrinus,
Waag. & Jahn), Silurian, Gotland and (?) Bohemia, is more highly developed.
Between it and Compsocrinus we must imagine a form in which the free
Br became biserial, while the free rami forked several times. In Abaco-
crinus the proximal biserial brachials (IIIBr) with their pinnules are in-
corporated in the dorsal cup ; the stem has changed from sub-quadrangular
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to circular, but the columnals still alternate in size. From the imagined
intermediate form (not from Abacocrinus itself) Periechocrinus may have been
derived by fusion of 2 BB. Famiry 3. CARPOCRINIDAE. Batocrinoidea
with 3 BB (?fused in Macarocrinus) ; RR rather large; each halfray
contains 1-3 IIBr usually passing into the free arms, which are usually
2, occasionally 3, to each ray; iBr 2-5, in contact with iAmb; iIIBr
may be present in limited and definite number ; tegmen of numerous
small plates, with a few larger ones ; in post. IR a vertical row of anals ;
stem large and round, usually with small pentagonal lumen. Genera—
Acacocrinus, W. & Sp. (1897), Silurian, Indiana, has 2 arms to each
ray ; brachials wedge-shaped, each bearing one pinnule. Desmidocrinus,
Angelin (1878), Silurian, Europe ; in each ray one of the rami forks
again almost immediately. Macarocrinus, Jaekel (1895), Lower Devonian,
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Fic. LXXIX.
Arms of Carpocrinidac. 1, Fic. LXXX.
Macarocrinus Springeri (after Barrandcocrinus seeptrum. 1, reconstruction
Jaekel). 2, Carpocrinus sint- of the crown, with three of the rami removed
pler (based on Brit. Mus. 5536 (after G. Liljevall in W. & Sp.). Nat. size. 2,
& 57360). diagram of the calyx. Lettering as usual.

Eifel, differs in greater length of Br, in fusion of BB, and presence

of one IIBr instead of two (Fig. LXXIX. 1). Carpocrinus, J. Miiller
(1841 ; synn. Phoenicocrinus, Austin ; Abracrinus, d’Orb.; Habrocrinus,
Pionocrinus, and [?] Leptocrinus, Angelin, 1878. See W. & Sp., 1881),
Silurian, Europe ; derived from Desmidocrinus by fusion of free Br to
form uniserial ossicles each supporting 2 or more pinnules, and by atrophy
of the unpaired ramus, which resembles a large proximal pinnule (Fig.
LXXIX. 2). TFamiLy 4. BARRANDEOCRINIDAE. Batocrinoidea with
3 BB; RR irregularly shaped ; each half-ray containing 1 IIBr, which
supports a free arm, biserial, and recumbent over dorsal cup ; iBr, 3, in
contact with iAmb ; tegmen solid with large sub-spinous O, alternating
with 5 radial dome-plates; stem large and round. Genus— Barrandeo-
crinus, Angelin (1878 ; syn. [] Oylicocrinus, S. A. Miller non Miiller ; see
W. & Sp, 1897), Silurian, Gotland and () N. America (Fig. LXXX.).
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Tl_le- chief feature is the fixed recumbency of the arms, as in some Hexa-
cl:lnldae and Acrocrtnus; but differing from those forms in that the
pinnules were very close-set, and folded in two rolls over the ventral
groove when closed. Except for this and the consequently more solid
tegmen, the genus is not far removed from the Carpocrinidae. Ant. R is
hexagonal ; r. and L. ant. RR heptagonal ; r.and L. post. RR pentagonal.
FaMILY 5. COELOCRINIDAE. Batocrinoidea with 3 BB ; in each half-
ray, 1 or 2 IIBr; free arms separated by 3 or more iBr in contact with
iAmb, 2-4 biserial rami to each ray; a row of anals in post. IR, sup-
porting no tube ; but anus opening marginally from a slight prominence ;
tegmen solid, with large O, esp. post. O; no respiratory pores known.
Genera—Coelocrinus, Meek & Worth. (1865-66 ; synn. Sphaerocrinus, M.
& W. non Roem.; Aorocrinus, W. & Sp., 1897), Devonian and Carboni-
ferous, N. America, and (%) Devonian, Europe (Fig. LXXXL). 2 or 4
rami to each ray, each with independent opening into the theca ; cup extend-
ing below arm-bases. Dorycrinus, C. F. Roemer (1854, W. & Sp., 1897),
Carboniferous, N. America; derived from Coelocrinus with convex base ;
rami paired, 2 to a single opening; radial dome-plates of tegmen bear
large spines. Agaricocrinus, Hall ex Troost (1858 ; W. & Sp., 1897),
Carboniferous, N. America ; derived from Coelocrinus with concave base,
that feature being greatly exaggerated so that. .
the cup does not project below the arm-bases ; 4 34:
rami 2-4 in each ray, each with independent T¢:i:
opening. FamiLy 6. BATOCRINIDAE.  Bato- 2i
crinoidea with 3 BB; each halfray contains 5
1-5 IIBr, also IIIBr, 1-5, always in adanal S/ K Lam
series, and sometimes in the rest, but rarely in THAL
anterior series ; free arms with 1-4 biserial -
rami in each ray; iBr, 1-15, usually uncon- Fooos
nected with iAmb, except in post. IR, and
sometimes separated- from the.m by the brachials Fic. LXXXL
there also; plates in posterior IR 2-19, per- Coelocrinus smmaturus, from
haps more ; anal tube long, usually stout, and Brit. Mus. E1773. X $.
central ; tegmen solid, with O and radial dome-
plates usually prominent, post. O always pronounced ; 10-20 respiratory
pores characteristic (Fig. XLV. 2), but doubtful in Dizygocrinus and very
doubtful in Hyperocrinus; stem round, usually stout, with small pent-
agonal lumen. The family is confined to the Lower Carboniferous
rocks of central N. America, where it flourished exuberantly along
with the parallel family Coelocrinidae. Batocrinus came first (Kinder-
hook) and went last (St. Louis); the rest are confined to Burlington
and Keokuk Groups. Genera—Batocrinus, Casseday (1854 ; em. W.
& Sp., 1897), has 1-3 iBr separated from iAmb by IIIBr; 18-26
short arm-rami set regularly round periphery (Fig. LXXXIIL). Eretmo-
crinus, Lyon & Casseday (1859 ; W. & Sp.,, 1897), like Batocrinus,
but has 12-26 long paddle-shaped arm-rami, and eccentric anal tube,
Alloprosallocrinus, Ly. & Cass. (1860, W. & Sp., 1897), constructed like
Batocrinus, but converges in outward shape towards Agaricocrinus.
Eutrochocrinus, W. & Sp. (1897), 18-40 short rami, set regularly around
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periphery like spokes of a wheel ; iBr may or may not join iAmb ;
ilIBr often present. Dizygocrinus, W. & Sp. (1897), like Eutrocho-
crinus, but with rounded calyx, more variable in composition, anal tube
and stem rather slender. Hyperocrinus, Meek & Worthen (1865, as
Uperocrinus; syn. Lobocrinus, W. & Sp., 1897); 18-22 free rami, arranged
in arm-groups, separated by iBr which join iAmb; iIIBr sometimes
present ; lofty tegmen; respiratory pores unknmown. Macrocrinus, W.
& Sp. (1897); 12-16 rami, in groups, but not separated by iBr
except in post. IR ; anal tube tapering ; stem slender ; tegmen coni-
cal or hemispherical ; respiratory pores, 10. The study of the relations
between these genera is a fertile and unappropriated field.

FamILy 7. PERIECHOCRINIDAE. Batocrinoidea with 3 BB; IBr,

hexagonal ; each half-ray contains 1-5 IIBr, and sometimes 2-6 IIIBr;
free arm-rami biserial, usually branching ; iBr numerous and merging

Fie. LXXX1I.

Batocrinus. 1, B. icosidactylus, calyx from the side (after Casseday, nat. size). 2, cup
seen from aboral side, from Brit. Mus. E5055. Supplementary plates shaded. x §.
into iAmb ; post. IR wide, with plates in successive rows of 1, 3, 4-6, etc. ;
tegmen of numerous small plates in which O, Amb, and radial dome-plates
are sometimes to be distinguished, especially post. O ; anus without tube,
from sub-central to marginal ; stem large, round, with wide lumen, round
or 5-lobed. Members of this family, esp. Gennacocrinus, are liable to be
confounded with Actinocrinidae, but differ in the presence of 3 plates
(not 2) in the second row of post. IR, in which respect they resemble
Xenocrinidae, Carpocrinidae, Coelocrinidae, and Batocrinidae. Genera—
Periechocrinus, Austin (1843 ; synn. Geocrinus, d’Orbigny ; Saccocrinus,
Hall ex Troost; Pyxidocrinus, J. Miiller, pars ; [ Trochocrinus, Portlock
and [?) Pander; [?] Pradocrinus, Verneuil, 1850 ; see W. & Sp., 1897),
Silurian to Carboniferous, Europe, N. America, Australia ; elongate cup
of thin long plates, usually with axial folds, and depressed theca in which
O are not distinguishable; arms fork and are less advanced than in
Abacocrinus (p. 165). Beyrichocrinus, Waag. & Jahn (1 899), Silurian,
Bohemia, little known. Megistocrinus, Owen & Shumard (1852 ; W. &
Sp, 1897), Devonian and Carboniferous, N. America, (%) Carboniferous,
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England ; globose cup of heavy short plates, with tegmen from flat to
conical ; O, radial dome-plates, and Amb usually distinguishable (Fig.
XLIL); f‘ree rami grouped in pairs, have covering-plates and side-plates.
Ge?zmeocmnus, W. & Sp. (1881-97), Devonian, N. America ; low cup of
thin plates with axial folds ; theca rather depressed and lobed in arm
regions ; O small but visible, as also are Amb ; rami, 8 to a ray, branch
from alternate sides of arms ; in form like the Actinocrinid Physetocrinus.

SuB-ORDER 3. Actinocrinoidea. RR in lateral contact except in
post. IR ; proximal anal hexagonal ; IBr, usually hexagonal; BB 3
equal, forming a hexagon.

FaMILY 1. ACTINOCRINIDAE. Cup conical or bowl-shaped, with orna-
ment of axial folds; only 1 ITBr, which is axillary; free arm-rami branch
on alternate sides of the halfrays, starting either from Iax or Ilax ; all
free portions of arms are biserial ; proximal pinnulars bear hooks ; iBr
numerous, primitively merge into iAmb, but become separated therefrom

9;::8%
B~ES

¥ h Br
\\{ !

i

Fra. LXXXIII.

Actinocrinus. 1, analysis of part of cup, showing post. and r. post. interradii. 2, cup from
below ; the supplementary plates shaded.

by development and lateral contact of fixed brachials; post. IR wide,
with proximal anal followed by 2 plates in second row; tegmen
solid ; O not prominent, but usually distinguishable ; iAmb may cover
the tegminal Amb ; anus either on a tube or piercing tegmen, cither
central or eccentric; stem round, with small 5-lobed lumen. The
family is confined to the Lower Carboniferous, and flourished chiefly
in N. America. Actinocrinus, with its descendant Steganocrinus, and
Cactocrinus, with its descendant Telesocrinus, form a group characterised by
a long anal tube. In Physetocrinus and its descendant Strotocrinus the anus
pierces the tegmen directly. For complete account of the family and
revision of genera see W. & Sp.,1897. Genera—Actenocrinus, Miller (1821 ;
synn. Amphora, Cumb. ; Blasrocrinus, S. A. Miller ; Fig. LXXXIIL.) ; cup-
plates with axial folds and parallel ridges ; theca lobed at arm-regions, the
numerons iBr being depressed, while the higher orders of Br with their
Amb form 5 broad rays, sonetimes including some iBr ; these rays fork and
give off free rami to alternate sides every second or third plate, first on outer
side from I1ax, then on innerside from ITIax,andso on ; the ramimay branch
again ; pinnules long, the proximal pinnulars armed w.ith a small hook pro-
jecting from the middle ; tegmen solid, rising centrally into a stout tube with
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anus at distal end ; O small and eccentric ; Amb visible in tegmen, either
as two rows of large covering-plates which pass out from between O and
follow the branching of the food-grooves, or as large single plates (IAmb
and ITAmb), succeeded by smal covering-plates, which pass on to the free
arms. Steganocrinus, Meek & Worthen (1866), differs from Aetvnocrinus
in the extension of each ray into 1 or 2 rigid tubular rami, from
which biserial ramuli are given off alternately on opposite sides, either
from every ossicle or from every other ; covering-plates consist of side-
pieces and spinous Amb. Cactocrinus (W. & Sp., 1897) differs from
Acttnocrinus in having the arm-rami given off in a continuous row
around the theca, the brachials meeting laterally, so that iBr are not in
contact with iAmb (¢f. Eutrochocrinus) ; bifurcation takes place on each
successive plate, .. all Br, except the finials, are axillary ; all pinnulars,
except the extreme distal ones, bear hooks which imbricate over the adjacent
pinnules (¢f. structure of a feather) ; covering-plates consist of side-pieces
and Amb; Br and tegminal plates spinous (cf. Fig. XLIV.). Teletocrinus, W.
& Sp. (1881 ; syn. Calathocrinus, Hall, pars, non v. Meyer) ; a modified
Cactocrinus in which the arms have becomé so numerous and crowded
that they are pushed outward, while their bases have become united
and extended as a broad rim at the top of the theca ; between the Amb
and iAmb forming the roof of this rim, and the Br forming its floor, are
developed processes of stereom serving as girders; the ambulacra with
their ambulacrals are mostly depressed below the tegmen and covered by
1Amb ; a respiratory pore is at the side of each ambulacral opening into
the theca. Physetocrinus, Meek & Worthen (1869), differs from Actino-
crinus in the absence of an anal tube, and in bifurcation of arms on each
successive Br, as in Cactocrinus.  Strotocrinus, Meek & Worthen (1866),
often confounded with Teleiocrinus, towards which it is convergent, bears
to Physetocrinus precisely the same relation as Teleiocrinus bears to Cacto-
crinus.  Sampsonocrinus, Mill. & Gurl. (1895), Carboniferous, Missouri,
has r. and 1. post. iBr truncating BB, and only 1 IBr in r.and L ant. radii ;
the unique specimen is best regarded as an abnormal Actenocrinus. Com-
pare Phillvpsocrinus, M‘Coy (1844 or 1862), Carboniferous, Ireland, in
which also some iBr truncate BB; but since BB are lere 4, this may
be a more direct descendant of Xenocrinidae, perhaps by way of the
Silurian Laubeocrinus, Waagen & Jahn (1899), which seems a link
between early Batocrinoidea and Actinocrinoidea. FAMILY 2. AMPHORA-
CRINIDAE. Actinocrinoidea with cup depressed and tegmen much elevated,
accompanied by downward projection of proximal regions of arm-rays ;
cup-plates with granulo-vermicular ornament; iBr few; in other
respects like Actinocrinidae.  Genus—Amphoracrinus, Austin (1848),
Carboniferous, Europe and N. America ; arms free from Iax or IIBr ;
anal tube short and eccentric. Two American species occasionally have
3 plates (instead of 2) succeeding the proximal anal, but the middle of
these is small and wedge-shaped, barely touching the anal ; this may be
a plate of the ensuing row pressed down, or it inay represent the middle
plate in Batocrinoidea.
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Sus-CLASS 2. DicycLica, Bather (1899).

. Crinoidea in which the base consists of BB and IBB, the latter being
l%able to atrophy or fusion with the proximale, but the aboral prolonga-
tions of the chambered organ are always radial ; new columnals may or
may not be introduced at the proximal end of the stem.

OrpER 1. Dicyclica Inadunata
(=INapUNaTA, W. & Sp. pars, emend.).

Dicyclica in which the dorsal cup primitively is confined to the patina
and occasional intercalated anals, and no other plates ever occur between
RR (Grade : Distincta) ; Br may be incorporated in the cup, with or
without iBr, but never rigidly, and their corrésponding Amb remain
supra-tegminal (Grade : Articulata) ; new columnals are introduced at
the extreme proximal end of the stem.

This order, so far as its Palaeozoic genera are concerned, corresponds
roughly to the Inadunata Fistulata of Wachsmuth & Springer, and
entirely to the Imadunata Dicyclica of Bather with an error or two
corrected ; but it includes also some of Miiller’s Articulata and some of
Wachsmuth & Springer’s Larviformia. The latter authors have them-
selves proved the connection of the Encrinidae and Pentacrinidae with
their Fistulata. The distribution of the 70 genera into families would
present no great difficulty, were a purely morphological classification our
aim. One might use, as has been done, such characters as the presence
or absence of pinnules, of an anal tube, of a radianal; of articulation
between cup-plates, or of simply bifurcate as contrasted with dichotomous
arms. But there is every gradation in the development of these characters,
pinnulate forms being derived from non-pinnulate, the radianal gradually
disappearing, articulation of plates. developed as need arose, and so on.
Hence the great division into Cyathocrinidae and Poteriocrinidae (W. &
Sp., 1886 ; Zittel, 1895) cannot meet the needs of the phylogenist. An
attempt to sketch the actual race-history (Bather, 1890) resulted in the
recognition of a distinction between Dendrocrinus and its allies, with their
broad radial facets and thin tegmen on the one hand, and Cyathocrinus
and its allies, with narrower facets and more solid tegmen on the other,
while the pinnulate forms were all derived from the Dendrocrinidae.
This distinction, subsequently strengthened (Bather, 1893), has been
made much of by Jaekel (1895), who divides all his Fistulata into
Cyathocrinacea, Dendrocrinacea, and Poteriocrinacea, the last group being
derived from the Dendrocrinacea, and giving rise to the Articulata
(Jaekel). It is therefore but a slight step to establish two sub-orders,
Dendrocrinoidea and Cyathocrinoidea. Of these the latter were the first
to be specialised and the first to disappear. The Dendrocrinoidea moved
more slowly and went further—even to our own day—undergoing modi-
fication in the development of the anal tube, in the pinnulation of the
arms, and in the relation of arms to cup. Moreover, from them branched
off the order Flexibilia, probably on more than one occasion.
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SuB-ORDER 1. Cyathocrinoidea. Dicyclica Inadunata, with a fairly
stout tegmen, in which 5 orals (4, sub-ambulacrals, interradials, con-
solidating apparatus, of authors) are usually conspicuous, helping to
stiffen the tegmen, supporting the ambulacra on their adjacent edges, and
enclosing but not covering the peristome ; post. O frequently a madre-
porite ; radial facet usually narrow ; arms distinct from dorsal cup, un-
branched or dichotomous; none attain the pinnulate stage, but the
presence of pinnules would not in itself remove a genus from the sub-order.

Faminy 1. CARABOCRINIDAE. Cyathocrinoidea with one or more
large anals in line with RR; RA supporting these, and resting on a
supplemental plate intercalated between post. B and r. post. B and rest-
ing on IBB. Anus, surrounded by a few sinall plates, pierces tegmen
between x and post. O. Strong stereom-folds pass across the radio-
oral sutures. Post. O pierced by hydro-
pore (a madreporite). Arms stout and short.
Genera—Carabocrinus, Billings (1856,-59) ;
Strophocrinus, Sardeson (1899), both Ordo-
vician, N. America (Fig. LXXXIV.). The
radio-oral folds are probably vestigial
hydrospires (cf. Hybocrinus). The inter-
radial tegminal plates are admittedly homologous with orals, and ambu-
lacrals rest on their apposed edges (as in Fig. V. 2; see also p. 126).
FamiLy 2. PALAEOCRINIDAE. Cyathocrinoidea with anal z in line with
RR; RA smaller and rhomboidal, abutting on % and not separating
r. post. Rs from r. post. B ; anal tube slightly developed ; 5 O surround a
pentagonal peristome ; post. O a madreporite ; arms narrow, rising from
well-defined facet, axial canal not separate from ventral groove, but passes
into thecal cavity through a large opening between R and adjacent
0. Genera—Palacocrinus, Billings (1859), Ordovician, Canada (Fig.
LXXXYV).; usually regarded as a synonym of Dendrocrinus, to which it
is closely allied ; but it differs in shape of RA, the defined radial facet,
the anal tube composed

of but 4 or 5 vertical

rows of plates, and above R“% @ ﬁx@ % % EZ@
all, the solid orals sup- @

porting ambulacrals,— % % %' %—--B
differentiae which place @

R’
it in this sub-order. IB---@ @ @ @

Fic. LXXXIV.
Analysis of cup of Carabocrinus.

Stem shows 5 radial h o e o b
sutures ; cup plates Fie. LXXXV.

usuauy folded ; arms Analysis of cup of Palacocrinus, showing the axial
isotomous to IVBrL. folds of the plates. R’ radianal.

Porocrinus, Billings (1856-59; see J. Grant, 1881, and Beyrich),
Ordovician, Canada and Russia (Fig. LXXXVIL); arms unbranched.
Deep folds lie at the angles of all thecal plates, directed towards the
angle, and not passing at right angles across the middle of the sutures,
thus differing from hydrospires of Eublastoidea and from pectinirhombs ;
Beyrich imagined them to be separated by suture from the rest of the
plate, and Grant described a membrane [?a film of epistereom] covering
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them.  Bactroerinus, Schnur in Steininger (1849), Devonian, Eifel ; usu-
ally made a synonym of Homocrinus, but separated by Zittel (1879), Bather

(-1893), an.d Jaekel (1895); differs from Palacocrinus only in the occa-
sionally wider radial facet and rather more de-

veloped anal tube, in which points it approaches
Homocrinus.  FAMILY 3. EUSPIROCRINIDAE.
Cyathocrinoidea with anal x hexagonal or
heptagonal, resting on post. B, but rising
above level of RR; with RA pentagonal,
resting on post. and r. post. BB, supporting
x on one side, r. post. Rs on the other, and
a plate of the anal tube (rf) sunk into the
cup between them ; anus at end of a massive
anal tube; post. O a madreporite; arms
dichotomous, a2xial canal not separate from ven-
tral groove. Genera— Euspirocrinus, Angelin
(1878 ; see Bather, 1893), Ordovician of
Canada, Silurian of Gotland (Figs. LXXXVIL
and XXXVIIL.). The usual text-book figure
of E. spiralis is reversed. Closterocrinus, Hall
(1852), and Ampheristocrinus, Hall (1882),
both Silurian, N. America; 3 IBB; imper-
fectly known (Fig. LXXXVIIIL). The anal
area of the family resembles that of the
advanced Dendrocrinoidea. FAMILY 4. SPHAE-
ROCRINIDAE. Cyathocrinoidea, with 3 anal

Fic. LXXXVI
Porocrinus Smithi. 1, partial

plates as in Euspirocrinus, but differing in
that RA is comparatively large, x not rising
above RR, 7t small and not, or hardly at all,
rising above RR; post. O a madreporite ;
arms isotomous; axial canal separate in Br
and R. Genera—Sphaerocrinus, C. F. Roemer
(1851 ; for hListory see Bather, 1892 ; for
structure, Jaekel, 1895), Devonian, Germany
and England ; the anus pierces the tegmen
of small plates.

reconstruction, seen from right
posterior radius, the arm of
whicl is removed. Length of
stem and arms unknown.
(Based on specimens belonging
to Dr. G. J. Hinde.) x ©
diam. 2, optical section across
a brachial (Br), showing rela-
tions of covering- plates (c.p).
X 4 diam. Other lettering as
usual.

directly through a ring

Parisocrinus, W. & Sp. (1879), Devonian of Ger-

many, Carboniferous of England and N. America (Fig. XXVI. 6), has a
well-developed anal tube of hexagonal plates, which are folded at the edges.

VA S ST
SEIAN
AL g
Fic. LXXXVIL.
Analysis of cup of Euspirocrinus spiralis.

FaumIinLy 5. CYATHOCRINIDAE.

Fig. LXXXVIII.
Analysis of cup of Ampheristocrinus.

Cyathocrinoidea, with no anal except =,

which is in line with RR,; and usually supports a large tube ; post. O a

madreporite ;
Cyathocrinus, Miller (1821 ; see Bather,

arms isotomous, axial canal separate or not.
1892-93, for full revision and

(Genera—



174 THE CRINOIDEA

details), Silurian to Carboniferous, world-wide. This, being the best
known genus of the sub-order, demands closer description. The dorsal
cup (analysed in Fig. LXXXIX. 5) consists of : 5 equal IBB; 5 large
BB, all hexagonal except post. B, which is truncate above; 5 shield-
shaped RR, each with a facet usually { width of plate, the articular
surface being either smooth and imperforate, or having a slight transverse
ridge pierced by the axial canal (Fig. LXXXIX. 2); a square anal #, in
line with RR and resting on truncate post. B. Tegmen consists of 5 O
resting on the incurved shoulders of RR, and surrounding a pentagonal

Fra. LXXXIX.

Cyathocrinus. 1, C. multibrachiatus, seen from posterior. (Brit. Mus. E5462.) 2, radial
of C. visbycensis, showing articular facet, x 2. 3, joint-surface of columnal of C. acinotubus,
X 2, 4, joint-surface of a brachial of saine, with covering-plates in position, x 9. 5, analysis
of the cup. a.c, axial canal; f, fuleral ridge; 7, intercalated plate; j, joint-surface; L.c1 and
l.c2, the twp halves of a covering-plate of the left side; nn, nodals; =.c1, proximal half of a
covering-plate of the right side; ¢, anal tube; v.g, ventral groove. (2-5 after Bather.)

peristome (Fig. XXXIX. 1); post. O being large, conspicuous, and pierced
by numerous water-pores, the other O being smaller and often almost
entirely hidden, partly by ambulacrals resting on the apposed edge of all
O, partly by small interambulacrals (Fig. XXXIX. 2). The proximal Amb
meet over the peristome and often grow to a large size, sometimes fusing
and simulating orals (for which elements they are taken by W. & Sp,,
see Fig. XLIIL.). The anal tube consists of more or less hexagonal plates,
arranged in fairly regular longitudinal rows ; it varies greatly in width,
length, and width of lumen ; the anus is at its distal end ; the plates may
be slightly folded, but are not transversely elongate, nor are there pores,



THE CRINOIDEA 175

or even the appearances of pores, between them (Fig. XXVI. 5). Arms
dichotomise 5-7 times, and in each series there are more brachials in the
admedian branch of the dichotom (Fig. LXXXIX. 1). The covering-plates
are well developed ; in their simplest form they are conical, in both out-
line and longitudinal section, regularly alternating, and each reaching
about # across the ventral surface ; each covering-plate may, however, be
transversely divided, and the parts may come to be arranged in a manner
too complicated for description here (Fig. LXXXIX. 4). Stem round,
with lumen usually 5-lobed ; sfem and lumen vary in width ; columnals
low, usually alternating in thickness and height, the smaller ones being
those last formed; joint-surface radiately striate (Fig. LXXXIX. 3); no
longitudinal sutures and no cirri. Gvssocrinus, Angelin (1878 ; em. Bather,
1893), Silurian,. Europe and possibly
America (Fig. XC.; see also Figs. VIIL, IX,,
and XLIL); connected with Palaeocrinus;
one or two pairs of IBB usually fuse ; cup-
plates have clear axial ridges; distal mar-
gins of Br usually project ; anal tube com-
pressed antero-posteriorly, its plates trans-
versely elongate and folded. Arachnocrinus, Meek & Worthen (1866),
Silurian to Devonian, America and Europe; small cup and heavy arms,
which, together with anal tube, spread out horizontally from the cup.
Lecythocrinus, Miiller (1858, em. Zittel, 1879 = Taxocrinus briareus,
Schultze, 1866), Devonian, Eifel ; stem subquadrangular, with one large
central and 4 smaller peripheral canals (cf. Cupressocrinidae). Famiry 6.
PrraLocrRINIDAE. Cyathocrinoidea without x in dorsal cup, and with

Fic. XC.
Analysis of cup of Gissocrinus.

Fia. XCI.

Petalocrinus. 1, partial recon-
struction of P. mirabilis, with one
arn removed to expose radial
facet, and other arms devoid of
covering-plates; the root is im-
aginary, X 2 diamn. 2, section
across four grooves of an arm-fan,
showing traces of the original
sutures (s) between them, covering-
plates (c.p) closed and open, also
stages in the separation of the
axial canal (a.c) from the ventral
groove (v.g), compare Fig. VIII.,
X 5 diam. 3, articular facet of
arin-fan of P. visbycensis; m,
muscle-fossa; [, dorsal ligament-
fossa; 7, fulcral ridge, x §. 4,
dorsal view of cup and proximal
regions of arms of P. mirabilis,
Br, arm-fan ; S¢, proximal colum-
nal; other letters as usual, x 3
diain. (3 and 4 are after Bather.)

\

Y
:

arms fused into solid arm-fans. Genus— Petalocrinus, Weller (1896),
Silurian, Gotland and N. America, appears to have been derived from
Arachnocrinus by lateral fusion of the rami of each arm to form a blade
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or fan articulated to the R by a single IBr (Fig. XCI, see Bather, 1898).
FamiLy 7. CROTALOCRINIDAE. Cyathoerinoidea with cup as in Cyatho-
crinus ; anal tube when present constructed like that of Gissocrinus;
tegmen almost entirely composed of Amb, some of which are much
modified ; the orals seem to have been covered by these and to have
atrophied, except post. O, which remains as a conspicuous plate, ap-
parently madreporic (Fig. XCII. 3); the entry of Amb into the tegmen is
connected with the shortening up of proximal portions of arms, so that
IBr, I1Br, ITIBr, and sometimes IVBr, all partially rest on R, and are
firmly united by suture with it (Fig. XCIIL 1). Arms repeatedly iso-
tomous ; axial canal distinct, except sometimes in extreme distal region.

8% ‘-"
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ki, XCIL

Crotalocrinidae. 1and 2, Enallocrinus scriptus (after Wachsm. & Spr.). 1, posterior view
of cup and ann-bases. 2, enlarged view of more distal portions of anus; e from side, b from
back, showing cornice-like projections. 3, tegmen of Crotalocrinus pulcher, from a specimen at
Stockholm. The arm-branches are nnited by the lateral processes of thie hbrachials, the spaces
between being represented in solid black ; the interradii (LR), along which adjacent aris unite,
appear as five depressed lanceolate areas, in the posterior of which lies the short anal tube (4s);
the axial canals (a.c) are separate from the ventral grooves (v.g); the latter are protected by
covering-plates (c.?), which become larger towards the centre, and four proximal ones (P) meet
around the madreporite (M), x 2 dian.

Stent large, round, with wide lumen (Fig. L. 1, 3, 4). All Silurian.
Genera— Enallocrinus, d’Orbigny (1850), Gotland and England ; arm-
Lranches distinct, often with a pronounced cornice at distal mnargins of Br
(Fig. XCIL. 2), in this as in other respects closely resembling Gussocrinus.
Crotalocrinus, Austin (1842 ; syn. Anthocrinus, Miiller, 1853), Gotland,
England, and N. America ; arm-branches nnited by lateral processes from
each Br, so as to form a flexible network, which may be continuous all
round the crown, or divided into 5 broad arm-fans. The family is referred
to the Camerata by Wachsmuth and Springer (1888); but the resemblance
to Marsipocrinus is homoplastic, and the connection with Cyathocrinidae
scarcely admits of question. The Crotalocrinidae might be called the
Adunata of the Dicyclica, just as Platycrinus and its allies are of the
Monocyclica. FaMILy 8. CoDIACRINIDAE. Cyathocrinoidea with no anal
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plates in dors?,l cup ; with dichotomous armsrelatively slightly developed.
GeneraTC’odzacrmus, Schultze (1867 ; Follmann, 1887), Devonian, Ger-
many (Fig. XCIIL). Lecythiocrinus, White, "

(1880), Coal Measures of Ilinois and Kansas. m
Both genera little known ; Codiacrinus is .
compared by Schultze with Myrtellocrinus, > i)
by W & Sp. with Achradocrinus. Faminy 9.

CUPRESSOCRINIDAE.  Cyathocrinoidea witl fie. XGHL .
no anal plates in dorsal cup ; anus piercing Sc,ﬁ?;i’;?is* Sflo'c\;‘sppﬁﬁitﬁ,";fﬁ’fcﬁﬁfé‘f
tegmen ; arms unbranched (or [?] forking few

times) ; stem square in section, with an axial and 4 peripheral canals (cf.
Lecythocrinus, p. 175). Genera— Cupressocrinus, Goldfuss (1826 ; synn.
Halocrinus & Cypellocrinus of Steininger ; see W. & Sp., 1886, and
Neumayr, 1889), Devonian, Germany and England (Fig. XCIV.). A
massive form with basin-shaped cup; IBB fused (by some held to be a
proximale, Fig. XCIV. 3); a stout arm, composed of a few large Br in
single series, rests on a facet the full width of each R ; large ambulacrals
cover tlie arm-grooves and are taken for pinnules by Zittel ; the solidity of
the close-fitting arms renders a plated tegmen unnecessary, but the 5 orals

Fia. XCIV.

Cupressocrinus (after L.
Schultze). All two-thirds nat.
size. 1, C. inflatus, complete
crown. 2, C. abbreviatus, ventral
surface of calyx, slightly modi-
fied ; shows ‘‘consolidating ap-
paratus” of five plates (A), here
regarded as orals, between which
are the passages (v.g) for organs
of tlie ventral groove otlhier thau
the food-groove ; a.c, axial canal
of radial ; 4s, passage for rectum.
8, infrabasal circlet of sane, from
below, showing sutural surfaces
(s) for basals, axial canal, and
peripleral canals (p.c).

characteristic of Cyathocrinoidea are retained as a frame (“consolidating
apparatus” of authors) around the ventral surface of the cup, post. O
being larger than the others and pierced for the rectum (Fig. XC1V. 2).
Myrtillocrinus, Sandberger (1855, syn. Ancyrocrinus, Hall, see p. 134,
Fig. LL), Devonian, Germany, and N. America ; may have closer affinities
with Gasterocomidae. FaMiLy10. GASTEROCOMIDAE. Cyathocrinoidea with
anus in side of cup, at a level varying with the genus, either above or
below z, which is always within limits of cup. Arms apparently small,
borne on a narrow horseshoe-shaped facet, with distinct axial canal. O
for most part covered by Amb, post. O a large madreporite. IBB small,
often fused into 3 plates or 1. Stem usually of Cupressocrinid type.
Genera— Gasterocoma, Goldfuss (1839, W. & Sp, 1886 ; Jaekgl, 1895 ;
synn. Epactocrinus and Cemmocm'nus., J. Ml’iller, 1855), ]_)evom.an, Ger-
many ; anus below z, which is in line with RR; IBB. iused‘mto one.
Nanocrinus, J. Miiller (1856, Schultze, 1867), Devonian, Eifel ; like

12
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Gasterocoma, but ant. R small, without facet ; r.ant. R with 2 facets. Scoldo-
crinus, Jaekel (1895), Devonian, Eifel ; still more bilateral, in that ant.
and 1. ant. RR are larger than the rest, and

w alone bear arms; anus below r.post.R,

® and z between post. B and r. post. B.

e OO Achradocrinus, Schultze (1867), Devonian,
o~0 ;

OGO Eifel (Fig. XCV.); = below anus, and

Bt MOV, ' resting on post B; IBB 5 ; stem round,

Analysis of cup of Achradocrinus  yith single camal. Hypocrinus, Beyrich

(1864), Carboniferous, Timor ; differs from

Achradocrinus in having IBB fused to 3 ; referred by most authors to
Cystidea Aporita.

Sue-OrDER 2. Dendrocrinoidea. Dicyclica Inadunata with a thin
flexible tegmen, or with the ventral surface almost entirely occupied by
a large anal tube or ventral sac (the latter name being needed if the
extension contained more than the mere rectum); orals inconspicuous or
entirely atroplied in the adult ; no madreporite ; radial facet often wide,
so that the distinctness of arms from dorsal cup is not maintained ; arms
dichotomous, the dichotomy often irregular, leading up to a pinnulate
stage.

Whereas the genera of the Cyathocrinoidea all have the arms either
quite distinct from each other above the level of the patina, or at least
not united by supplementary plates, the Dendrocrinoidea gradually attain
a stage of development in which the arms are thus partially united.
Below this stage we may draw a somewhat arbitrary line, separating the
former as a grade, Distincta, from the latter grade—Articulata. = This
line happens to correspond with the break between Palaeozoic and
Mesozoic time. We deal first with the Dendrocrinoidea Distincta.
FamiLy 1. DENDROCRINIDAE. Dendrocrinoidea with regularly dich-
otomous, non-pinnulate arms, with anal z, and large RA in its

(x }
SO

Homocrinus. Fie. XCVI. Thenarocrinus.
Dendrocrinidae. Analyses of cups.

primitive position as inferradial (Fig. XCVL); stem quinquepartite.
Genera— Merocrinus, Walcott (1883), Ordovician, N. America and England,
resembles Jocrinus (p. 145) in all but the presence of IBB ; anal tube-sup-
ported by the left shoulder of r.post.Rs. Ottawacrinus, W. R. Billings



THE CRINOIDEA 179

(1887), Ordovician, Canada ; z rests on post. B, RA immediately above
r. post. B ; 1. post. Rs is above general level of RR and may be IBr,. These
two genera suggest that RA of Dicyclica may not be strictly homologous
with RA of Monocyclica. Dendrocrinus, Hall (1852), Ordovician and
Siluri-an, N. America ; large anal sac with folded plates making wide anal
area 1n cup (see also Fig. XXVI. 2, 3). Homocrinus, Hall (1852, em.
Bather, 1893), Silurian and Devonian, N. America and Europe ; RA
rhomboid and smaller.  Thenarocrinus, Bather (1890), Silurian, England ;
large sac, anal area widened by RA sinking between BB. Famiry 2.
BoTRYOCRINIDAE. Dendrocrinoidea with arms bifurcating in two main
rami with armlets or pinnules; RA usually small and quadrangular
or absent. This family connects Dendrocrinidae with Decadocrinidae,
and it is difficult to diagnose it so as to include all of the closely
related forins. Genera—Botryocrinus, Angelin (1878, em. Bather, 1891 ;
syn. Sicyocrinus, Ang.), Silurian and Devonian, Gotland, England, Canada ;
small RA, large anal sac, often coiled ; arms range from irregularly
dichotomous, through ramuliferous, to pinnulate (Fig. XCVIL, see also
Figs. ITI., XTI, and XXL). Gothocrinus, Bather (1893), Silurian, Gotland,
has a cup like Dendrocrinus with ramuliferous arms. Mastigocrinus,
Bather (1892), Silurian, England, has very long, finely dichotonious arms,

vua&,we
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Fic. XCVIIL Fic. XCVIIL
Analysis of cup in Botryocrinus. Analysis of cup in dtelestocrinus.

no RA (for anal sac, see Fig. XLVIIL). Gastrocrinus and Rhadinocrinus,
Jaekel (1895), Devonian, Germany, are, respectively, like a Botryocrinus
with cirri in whorls of 5 (Fig. XVIL 1), and a Gothocrinus with minute
ramules. Cosmocrinus, Jaekel (1898), Devonian, Germany and N. America,
has broad cup of Botryocrinus type, arms pinnulate, and with ramuli on the
inner side of the two main rami. Vasocrinus, Lyon (1857, em. W. &
Sp., 1879), Devonian to Carboniferous, N. America, scarcely differs from
Botryocrinus.  Barycrinus, Meek & Worthen (1868, em. W. & Sp, 1879),
Carboniferous, N. Anierica and England, has heavier cup-plates and large
stem-lumen.  Gonzocrenus, Miller & Gurley (1890), Waverly Group,
Iowa, has no RA, and has cirri like Gastrocrinus. Atelestocrinus, W. & Sp.
(1886), Carboniferous, N. America, is distinguished by absence of an arm
from ant. R; large RA supporting 7t (Fig. XCVIIL.); arms ramuliferous.
Streptocrinus, W. & Sp. (1886 ; redescr. Bather, 1893 ; syn. Ophiocrinus,
Ang. non Salter), has branched arms, coiling inwards, with pinnule-like
processes arising irregularly from sides of Br; mo RA, anal sac coiled.
FamiLy 3. LOPHOCRINIDAE. Dendrocrinoidea with only 1 ramus to each
arm, with ramuli springing from the alternate sides of every second Br;
with no RA, but z supporting on its shoulders 2 plates of a delicate
anal sac. Genus—Lophocrinus, H. v. Meyer (1858 ; redescr. Jaekel,
1895 ; syn.? Carduocrinus, V. Koenen), Upper Carboniferous, Germany.
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A similar evolution of arm-structure to that seen in Botryocrinidae
produced a long series of genera with pinnulate arms, for the most part
clearly forking into two rami, and rarely branching more than once
again, but in some gencra branching more often. All at first had an
anal area more complicated than that of Dendrocrinus, in that a fresh
plate (rf) was inserted between z and r. post. R so as to rest on RA,
while a corresponding plate (It) appeared on the left of z. Famiry 4.
ScAPHIOCRINIDAE ( = Poteriocrinidae, Auctt., greatly restricted). Dendro-
crinoidea with dichotomous, usually much branched, pinnulate, stout arms,
with facet occupying nearly full width of R; with x, RA, 7, and I, in
anal area of cup, supporting a large plicated sac (Fig. XCIX.). Carbon-
iferous of N. America and Europe, a few Devonian. Genera—=Scaphio-
crinus, Hall (1858, em. W. & Sp., 1886 ; synn. Hydriocrinus, Trautschold ;
Abrotocrinus, Mill. & Gurl.), and Poteriocrinus, Miller (1821, em. W. & Sp,,
1881), differ in little but thc greater definiteness and less width of the
facet in the latter; each has a long anal sac (Fig. XXVI. 4). Woodocrinus, de
Koninck (1854 ; synn. thlocmms de Kon. ; Pachylocrinus, W. & Sp.), has
shorter cup, arms, and sac. In Awlocrinus, \V & Sp. (1897), the sac forks.
Zeacrinus, Hall (1858, em. W. & Sp., 1886), has a short, stout sac, around
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Potcriocrinus. F1e. XCIX. Zeacrinus.

Scaphiocrinidae.  Analyses of cups.

which the wide arms fit closely. Coeliocrinus, White (1863), and Hydrewono-
crinus, de Kon. (1858), differ from Zeacrinus in having the sac respectively
balloon-shaped and mushroom-shaped. Bursacrinus, Meek & Worthen
(1861 ; syn. Synyphocrinus, Trautschold), has arns like Zeacrinus, but no
anal except z in the cup; it is in the latter respect the morphological
equivalent of Graphiocrinus (infra). FAMILY 5. SCYTALECRINIDAE. Den-
drocrinoidea with forked, pinnulate, slender arnis; anal structures as in
Scaphiocrinus. Genera—Scytalecrinus, W. & Sp. (1879, syn. Dactylocrinus,
Sladen non Quenst.), and Decadocrinus, W. & Sp. (1879), both Carboniferous,
differ chiefly in shape of cup, conical in the former, saucer-shaped in the
latter, which thus leads on to : FAMILY 6. GRAPHIOCRINIDAE. Dendrocrin-
oidea with forked pinnulate arms and saucer-shaped cup, concave at base,
and containing «, but no RA (Fig. C.). In many points resemble the earlier
Encrinidae, but have not such thick cup-plates or large mnscle-fossae.
Middle and Upper Carboniferous. Genera—Graphiocrinus, de Koninck
(1853), Aesiocrinus, Miller & Gurley (1890), Delocrinus, Miller & Gurley
(1890 ; syn. Ceriocrinus, White non Desor). In this and the succeeding
families the biserial arrangement of Br first assumes prominence ; it had
already appeared as an occasional gerontic character at the distal end of
the rami, but now is found in all except their most proximal portions,
accompanied by shortening of the arm. FaMiLY 7. CROMYOCRINIDAE.
Dendrocrinoidea with simple or bifurcating, stout, pinnulate, usually
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biserial arms ; with cup- bowl- or saucer-shaped, composed of stout plates,
RR having muscle-fossae gradually more pronounced ; with z always, and
RA usually, present in cup, RA often supporting rt (Fig. C.. There is
much f:onfusion in the nomenclature of this and allied families, and the
following names may not be tised in what will ultimately prove the correct
sense.  Genera—~Cromyocrinus, Trautschold (1867), and Eupachycrinus,
Meek & Worthen (1855, em. W. & Sp., 1886), Middle and Upper Car-
boniferous, Europe and N. America, are closely allied ; «, RA, and 7t in
anal area. Agussizocrinus, Shumard ex Troost MS. (1853 ; syn. Astylocrinus,
C. F. Roemer), Kaskaskia group, N. America, is a Cromyocrinus that loses
its stem in adult life, while IBB fuse to a solid mass (cf. Edriocrinus,
p- 191).  Tribrachiocrinus, M‘Coy (1847, redescr. R. Etheridge, fil,, 1892 ;
syn. Pentadia, Dana, pars), Permo-Carboniferous, Australia, has 1. and r.

Graphiocrinus. Phialocrinus.

;
v

P )

mO
Delocrinus.
X/ LA )
° O OO OO o) O o
FErisoerinus. Fia. C. Tribrachiocrinus.

Analyses of cups of Graphiocrinidae, Cromyocrinidae, and Euncrinidae.

pairs of IBB fused ; single arms borne by ant., r. post., and 1 post.
RR ; whether the other RR bore arms is a moot point. Phialocrinus,
Trautschold (1879, em. R. Etheridge, fil., 1892, non Eichwald ; syn.
Pentadia, Dana, pars), Permo-Carboniferous, Australia, Russia, India ;
differs from Acsiocrinus and Certocrinus in little but greater thickness of
cup-plates, especially RR, and has, as they, only z in cup. Ulocrinus,
Miller & Gurley (1890), Upper Carboniferous, N. America, has large
RA, but very small z, which rises partly above level of RR (Fig. XXIX.).
From these genera we pass almost insensibly to: FaMILy 8. ENCRINIDAE.
Dendrocrinoidea with forked, pinnulate, biserial arms, saucer-shaped cup,
with stout plates and well-developed muscle-fossae ; with no anals in cup,
and with sac diminished or absent (Fig. C.). Genera—Stemmatocrinus,
Trautschold (1867), Upper Carboniferous Limestone, Russia, has IBB fused
into one. Erisocrinus, Meek and Worthen (1865), Lower to Upper Car-
boniferous, N. America, has 5 small IBB covered by th? stem, and z rests
oni upper surface of adjacent r. and 1. post. RR.  Encrinus, C. F. Schulze
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(1760, synn. Chelocrinus and [%] Calathocrinus, v. Meyer, Flabellocrinus,
Klipstein, [?] Cassianocrinus, Laube, [?] Traumatocrinus, Wohrmann, which
== Porocrinus, Dittmar non Bill), Trias, Europe, has 5 minute IBB a
lofty plated tegmen, small tube, but no distinct anal plate.

Another line of evolution, probably continuing that of the Graphio-
crinidae, introduces the Artlculate Grade of DendrocrmOIdea of which
the most important family and the first to appear is the FamiLy 9.
PeNTACRINIDAE. Dendrocrinoidea with pinnulate, uniserial arms, forking
once or dichotomising many times, either regularly, or irregularly so that
the minor branches become pinnulate ramuli; with a small, usually
depressed patina, in which IBB are often minute or atrophied in adult
(pseudomonocyclic, or, as Bigot has recently expressed it, ‘ cryptodi-
cyclic”); but the flexible tegmen extends some way up the arms, so
that the proximal IBr, and sometimes some IIBr, are incorporated loosely
in the dorsal cup ; a slight anal tube or cone, but no distinct anal plates
in either cup or tegmen; stem pentagonal or sub-pentagonal, usually
with cirri in whorls of 5. Genera—JDadocrinus, v. Meyer (1847 ; see v.
Koenen, 1887-95), Trias, Middle Europe, has a round or sub-pentagonal
stem without cirri, pinnulate arms forking once, 2 IBr, which are united
by several small iBr. Holocrinus, W. & Sp. (1886, em. Jaekel, 1893),
Trias, Germany, has whorls of cirri, slender arms forking once, 3-4 IBr,
not united by iBr, but tegmen stretches up to about IBr, cup high and
constricted above. The family characters become more definite in later
formis, which may be associated as a SUB-FAMILY—PENTACRININAE ; IBB
always minute or atrophied stemn bears cirri in whorls attached to the
epizygal of a syzygial pair; its internodes transversed by 5 ligament-
bundles, which are interradially disposed and give rise to a more or less
petaloid figure on the joint-faces ; root-attachment may exist in young,
but is relinquished in adult (Fig. CL). Genera—Pentacrinus, Blumenbach
(1804 ; synn. Polycerus, Fischer, 1811, pars; Extracrinus, Austin, 1847 ;
[?] Chladocrinus, L. Agassiz; see especially Quenstedt, 1875), Lias and Jura,
Europe. Petaloid sectors of stem linear with delicately crenulate edges ;
cirri elliptical or compressed in section, in close-set whorls ; IBB present in
adult ; RR prolonged downwards over proximal colunmals, the prolonga-
tions being jointed ; each arm has at least 4 rami with large pinnulate
ramules on one side only. JIsocrinus, v. Meyer (1837 ; synn. Isis, Lin-
naeus, pars; Cainocrinus, Forbes ; Picteticrinus, de Loriol ; Cenocrinus and
Neocrinus, Wyv. Thomson ; and Pentacrinus, sensu P. H. Carpenter?),
Trias to Recent, now chiefly Caribbean and Pacific. Sectors of stem dis-
tinctly petaloid, with coarsely crenulate edges; cirri circular in section,
the whorls further apart (Figs. XVI. 4, 5; XVII. 2, 3); IBB are visible
in various Jurassic species, but become obsolete in later times (cf. Fig. XI.) ;
BB may form a complete circlet (on which feature Cainocrinus was based),
or may be minute and separated by RR; IBr 2, non-pinnulate ; arms
isotomous or nearly so ; sacculi occur sparmoly See Guettard (1761),
J. Miiller (1843), P. H. Carpenter (1884), and Fig. XXIII. 3, 5, 0n p. 117.
Balanocrinus, Agass. in Desor (1845 ; em. de Lor. 1879), Tuas to Eocene.

1 Carpenter chose to ignore all writers on Crinoidea before J. S. Miller. For
the history of these names, see Natural Science, April 1898.
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has columnals of circular op basaltiform section, with crenellations round the
edge only, not along the sides of the sectors. Austinocrinus, de Loriol (1889),
Cretaceo.us - co‘lu‘mnals have a joint-surface like that of Isocrinus, but with
finer striae radiating from the petals to the circular periphery. Metacrinus,
P. H. Carp. (1884), W. Pacific, differs from Isocrinus in having 5-8 IBr,
of .whlch IBry anq 3 always, and IBr; 4nq ¢ usually, are united by syzygy,
while each,_ except IBr; and the hypozygals, bears a pinnule ; BB form a
complete circlet. The members of this sub-family live in colonies, but
can move about and anchor by the cirri at the distal end of the stem.

6 8

Fia. CI.

Pentacrininae. 1, Pentacrinus fossilis, portion of stem, patina, and portion of arm, showing
rami, rainuli, and pinnules (p). 2, the same ; portion of a cirrus and articular facet of a cirral.
3, the corresponding parts of Isocrinus asteric. 4, Metacrinus Moseleyi, cup and proximal por-
tion of an arm. 5, Isocrinus pendulus, cup seen from below, with portion of stem, bearing cirri,
still attached to it, and with proximal brachials. 6, a radius of the same, showingisotomy ofarm.
7, Isocrinus amblyscalaris, joint-snrface of an internodal columnal. 8, the same of Balanocrinus
subteres. 9, the same of Pentacrinus fossilis. 10, the same of Isocrinus asteria. (From Bather,
after P. H. Carpenter, de Loriol, vou Meyer, and original.) 2, 3,7, 8, 9, and 10 are slightly

enlarged.

The stem is least specialised in Balanocrinus, most in Pentacrinus, in
which it attained a length of 18 feet (Quenstedt thought 70). FamiLy
10. UINTACRINIDAE. Dendrocrinoidea in which the arins fork once on
IBr,, are long and pinnulate, with numerous syzygies, and are incor-
porated in their proximal regions, together with proximal pinnules, in
the dorsal cup, by means of iBr, ilIBr, and interpinnulars; there is
no stem, but a centrale. Genus— Usntacrinus, Grinnell (1876), Upper
Cretaceous, N. America, Germany, and England (Fig. CIII), has a rela-
tively large flexible theca and long arms. It was free-swimming and
possibly pelagic. IBB usually obsolete. For de'taged account, see Bather
(1896). Famiry 11. MARSUPITIDAE. Dendrocrinoidea (?) with pinnulate
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Isoerinus  asterio. (From A.
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arms, sho_rt In proportion to cup, borne on a sharply defined radial facet,
and forking on IBr, (further branching unknown); they are loosely

49
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1 Fie. CHIL

Uintacrinus soriclis, Upper Cretaceous of America, § nat. size. 1, fromn the side. 2, from
below. ¢, centrale; B, basals; R, radials; 7B, first primibrach ; Ar, primaxil ; 1, 2, 3, etc.,
secundibrachs, bearing p, pinnules, some of which are included in the walls of the cup, viz.
Sop- i s, syzygy.  The intercalated plates, whicli bind these elements together, are shaded.

united by iBr, but do not merge in the dorsal cup. Cup large, com-
posed of 5 RR, 5 BB, 5 IBB, and a large centrale, with no trace of a
stem. Genus—Marsupites, J. S. Miller ex Mantell MS, (1821 ; synn.

& ‘\\_\\\\.\\ e
EULIN

1 M. CIV. 2

Marsupites testudingrius, 1, the cup from the side, showing the character of the ornament;
(from Brit. Mns, specimen, E2018), x 7. 2, the radials and proximal region of the arms (from
Brit. Mus. 5482), nat. size. C, centrale; f fuleral ridge of radial facet; p, pinnules; s,
syzygies. Other letters as usual.

Sitularia, Cumberland ; Marsupiocrinus, de Blainville), Upper Cretaceous,
England and Germany (Fig. CIV. ; see also Fig. XVIL 4). The relations
of the genus are not yet clear. FaumiLy 12. BATHYCRINIDAE. Dendro-
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crinoidea (?) in which the arms fork once on IBry; IBr, sng ¢ and all
ITBr, except IIBr,, 4 ang o are united in pairs by trifascial articulation
(apud Carpenter, see Fig. XXIIL 2), which may become syzygial (apud
Danielssen) ; only the distal brachial of each pair bears a pinnule, and
there are no pinnules on the first few pairs ; the arms are loosely incor-
porated in the cup to half-way up IIBr,; Iax has large muscle-fossae on
strong wing-like processes (cf. Fig. XVIIL. 6). BB fused in adult fo a
single discoidal ossicle ; RR also beconie closely united ; IBB obsolete.
Interambulacral areas of tegmen contain
scattered small plates, and sometimes each
has a large plate, which may be an oral.
Columnals dicebox-shaped and twisted,
with bifascial articular surfaces; each
said by Danielssen to be formed by
fusion of two columnals; those in the
younger, proximal region are thin and
discoidal. The root branches. Genns—
Bathycrinus, Wyv. Thomson (1872 ; see
St:  P. H. Carpenter, 1884, and Danielssen,

3 1892; syn. Ilycrinus, Danielssen & Koren,
1877), North Atlantic and Southern
Ocean, at 750-1500 fathoms (Fig. CV.).
Carpenter places this in the Bourgueti-
crinidae on the grounds of its resem-
blance to Rhizocrinus, while admitting
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Fia. CV.

-Bathycrinus. 1, crown of B. Aldri.
chienus, nat. size (after P, H. Car-

penter). 2, 8, and 4, B. Carpenteri Fig. CVI

(after Danielssen). 2, new radials and ] *

arms on an old base and stem, x 4 Transverse section of thie dorsal nervous
diam, 3 and 4, stemn fraginents, nat. system in Bathyerinus Carpenteri, diagram-
size. pn, pinnules; ¢, root - cirri; matised from Danielssen. IR, interradial cords
St;, proximal region of stem; St which pass up between radials ; R, radial cords,
median ditto ; Stg, distal ditto. connected by r¢, the ring-commissure.

that “the differences between the two genera are much greater than
their resemblances” If the absence of a proximale have the value
claimed for it by Wachsmuth & Springer, the two genera must go into
different orders. The interradial axial nerve-cords correlated with the BB
fork first within the sutures between RR, and, in Carpenter’s opinion, the
basi-radial strands take the place of a ring-commissure ; but Danielssen
describes a ring-commissure (see Fig. CVL). There are 3 water-pores
in each IR. The crown separates very easily from the BB and stem,
and may be replaced by a fresh crown (Fig. CV. 2). Sacculi occur. (See
also Fig. LIIL.)
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OrpER 2. Flexibilia, Zittel
(= ARTICULATA, W. & Sp. non Miiller).

__ Dicyclica in which proximal Br are incorporated in the dorsal cup,
_e1ther by their own sides, or by iBr, or by a finely plated skin, but
never rigidly ; plates may occur between RR. Tegmen flexible, with
distinct Amb and numerous small iAmb ; mouth and food-grooves remain
supra-tegminal and open. The top columnal is a persistent proximale,
often fusing with IBB, which are frequently atrophied in the adult.
Arms non-pinnulate (Grade Impinnata), or pinnulate (Grade Pinnata),
but always uniserial.

As in the case of the Distincta and Articulata among the Dicyclica
Inadunata, so the line between the grades Pinnata and Impinnata corre-
sponds roughly with that between Palaeozoic and Mesozoic time. But
in the present order the grades are more self-contained and the gap
between them greater. In fact, we are by no means certain that they
are rightly described as mere grades; in other words, that the Pinnata
are the lineal descendants of Impinnata. The two divisions may have
arisen from Inadunata independently, springing from pinnulate and non-
pinnulate forms respectively.

GraDE 1. Impinnata.

Flexibilia, in which all plates of the crown are united by loose
suture or muscular articulation. IBB 3, the primitive r. post. remaining
as the small unfused IB. Br usually united by waving sutures, the lower
edge of each frequently with a projection that fits into a depression on
the plate below, and often becomes a separate patelloid plate. Arms
isotomous, or rami may bear ramules on one or both sides, but no
pinnules. Ventral groove wide and shallow ; axial canal separated from
it in proximal region. 5 O, between which food-grooves pass to the
mouth., Stem round ; proximal columnals very short, and usually wider
than the others.

Many of the earlier gemera can be distinguished from Dicyclica
Inadunata only by the greater thickness and more elaborate sutural
union of their plates, and the greater width and less length of the arms.
It is the combination of massiveness with flexibility that characterises
the Grade. There is never an elaborate anal sac. Within the Grade
Impinnata can be traced the evolution of heterotomous arm-branching of
two types, also an increase in number of iBr. The genera seem to
merge into one another, and are as yet too ill-defined to be grouped into
families on a sure genetic basis. The following arrangement represents
similarities of structure rather than lines of descent.

FaminLy 1. ICHTEYOCRINIDAE. Impinnata with no iBr, with.isotomous
arms, closely abutting by their sides. Genera—Pycnosaccus, Angeli_n (1878;
syn. Oncocrinus, Bather), Silurian, Gotland, England, a.nd N. Ameru.:a, has a
cup like that of Barycrinus, with z and RA, and W-ltl.l strong axial folds
(Fig. CVIL); arms, though abutting above, are distinct below and do
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not interlock ; columnals solid, moniliform, alternating in thickness.
Lecanocrinus, Hall (1852), Silurian and Devonian, N. America and Europe,

differs only in greater smoothness of

“.a- ' . cup and approximation of arms,
D E O which may even interlock by the
alternating edges of the Br. Cuyrtido-

dasy < = ; :
crinus, Angelin (1878), only known
Fig. CVIL from cup, which appears to be like
Analysis of cup in Pycnosaccus. that of Lecanocrinus, but is said to

(After Bather.)

have 4 BB. Clidochirus, Ang. (1878),

Silurian, Gotland ; arms abut, but do not interlock ; no RA, but 3 anals
in vertical series rest on truncate post. B. Mespilocrinus, de Koninck
(1853), Lower Carboniferous, Belgium, England, and N. America, differs

from last-mentioned in having each arm curved
over to the right, so that they all fold with a
sinistral twist (as seen from above); IBr; wedge-
shaped, broader on left. Nipterocrinus, Wachs-
muth in Meek & Worthen (1868), Carboniferous,
N. America, should perhaps come here. Ichthyo-
crinus, Conrad (1842), Silurian, N. America and
Europe, has no anals; arms abut all round and
interlock by edges of Br (Fig. CVIIL). FaMmiLy 2.
GAzACRINIDAE. Impinnata (?) with a single large
iBr in each interradius, the posterior (anal) resting
on truncate edge of large post. B ; arms isotomous ;
tegmen of 5 O of Cyathocrinoid type, surrounding
a peristome which is covered by fused proximal
Amb, and supporting Amb along their edges;
food-grooves fork on the tegmen (Fig. CIX\).
Genus — Gazacrinus, S. A. Miller (1892 ; syn.
Idiocrinus, W. & Sp.), Silurian, N. America, is
referred to the Camerate Family Dimerocrinidae

F1cG.

Ichthyocrinus piriformis,
slightly restored from Brit.

Mus. 40214,

X~

e
20>

414

CVI1IL

(Nat. size.)

by W. & Sp. (1897).

Its dorsal cup does not differ essentially from that of

Anisocrinus (infra), but the nnmber of IBB is uncertain. The tegmen,

Fia. CIX.

Gazacrinus. (Diagrammatised from Wachsmuth & Springer), x 2 diam. 1, G. inornatus
tegmen with almost all ambulacrals removed. 2, G. ventricosus, dorsal view, 3, same sidé
view, with proximal ambulacrals (P) in position. As, passage for rectum through posi)erior
oral; v.g, ventral grooves passing between edges of orals. Otlier letters as usual.

scarcely of either Flexible or Camerate type, suggests recent descent from

"nadunata. FamiLy 3.

TAXOCRINIDAE. Impinnata with iBr, which usually
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are few and have the proximal larger than the rest; with isotomous
arms which may abut but do not interlock ; anals form a well-defined
vertical series. Genera—-Gnorimocrinus, W. & Sp. (1879, em. Bather,
1899), Silurian, Gotland ; armns distinct, with 0-4 small iBr, and
sometimes a few ilIBr; post. B reaches up to top of patina, between
it and r. post. R is a RA, supporting the greater part of z, which bears
a vertical series of 1 or 2 rows. Amisocrinus Angelin (1878), Silurian,
Gotland, has abutting but not interlocking arms, a very large proximal
iBr, with small triangular piece above; 2z differs from iBr omnly in
resting on truncate edge of large post. B; no RA. ZTaxzocrinus, Phillips
in Morris (1843 ; synn. Isocrinus, Phill. non v. Meyer ; Cladocrinus,
Austin non Agass. ; Euryalecrinus, Aust. ; Forbestocrinus, de Kon. non W.
& Sp.), Silurian to Carboniferous, Europe and N. America, has arms
more distinet, with few or no iBr, and occasional small iIIBr and iIIIBr ;
anals form a vertical series resting on truncated post. B, and seem to

Fic. CX.

Diagrams of the arm-branching in Taxocrinidae and Dactylocrinidae.
1, Taxocrinus tuberenlutus; 2, Lithocrinus; 8, Calpiocrinus; 4, Dactylo-
erinus ; 5, Syncrocrinus ; 6, Onychocrinus exsculptus. These do not form
a continuous evolutionary series, but their relationship inay be indicated
thus—

have supported a small free tube (Figs. CX. 1, and XXXVIL). Homalo-
crinus, Ang. (1878), Silurian, Gotland, has very small BB, abutting arms,
large proximal iBr, followed by 1 or 2 in vertical series, occasionally 2
ilIBr, anals as iBr but resting on post. B; except for the isotomy of its
arms, this genus closely resembles Calpiocrinus. FamiLy 4. Dacryro-
CRINIDAE. Impinnata with iBr either few or numerous; with hetero-
tomous arms, the rami bearing ramules; with anals in vertical series.
Genera—Calpiocrinus, Ang. (1878), Silurian, Gotland and England, has
minute often obsolete IBB, but fairly large BB; iBr few and variable,
iIlBr occasionally present ; anals 3-5, 2 resting on the small post. B ; the
IIBr rami bear unbranched ramules on their inner sides, the proximal
ramule much larger than the rest (Fig. CX. 3). Lithocrinus, W. & Sp.
(1879, emend. Bather, 1899 ; syn. Forbesiocrinus, Ang. non. de Kon.),
Silurian, Gotland, differs from Calpiocrinus in larger size of BB, greater
number of iBr, branching of ramules; the latter characters make the
arms less apposed to one another (Fig. CX. 2). Dactylocrinus, Quenstedt
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(1876, based on Dimerocrinus oligoptilus, Pacht ; probably includes Aristo-
crinus or Callawaycrinus, Rowley, 1895), Silurian (?) and Devonian,
N.-W. Europe and N. America ; iBr few, proximal large ; « rests on large
truncate post. B, a little to the right, and supports numerous smaller
plates in somewhat irregular vertical series ; the IIIBr rami bear ramules
on the sides towards the middle of the dichotom, the proximal ramule

branches again (Fig. CX. 4).

. A Synerocrinus, Jaekel (1897%),
g’éﬁj:& 8 4 “ Carboniferous, Europe, has arms
g:.:::é — PO E T AP like Dactylocri;ms, except that mo
I A S XX b ramules branch ; it also differs in
"égééigg %,?M".."i"r ;."73 having 3-8 1Br, perhaps more, with
SestsEk S ¥ S&H) occasional illBr and ilIIBr ;  rests
DA A0S 0% on post. B (Figs. CX. 5, and CXI)
B I A i “7%“ This genus probably includes the

Belgian species erroneously referred
by de Koninck to Tazocrinus nobilis
when erecting Forbesiocrinus. Eurijo-
crinus, Phillips (1836), Carboni-
ferous, England, is probably a close
ally, but its arms are mnot well
known.  Onychocrinus, Lyon &
Casseday (1859), Carboniferous, N,
America and Ireland, has a large
proximal iBr followed by small
plates, often nuinerous, merging
with the tegmen and ventral cover-
ing of the arms, but leaving the
arms more free than usual in the
sub-order ; IIBr rami bear branch-
ing ramules, either along each side
or 1n clusters at end, but the
heterotomy is always bilateral, not
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Fie. CXI.
Synerocrinus incurvus, from Brit.

Mus.

E6707. 1, froin the right anterior side, x .
2, joint-surface of a brachial, x 3 diam. 3, a
radial, showing articular surface for tirst primi-
brach, and on either side the surfaces of loose
suture with interbrachials, x #. B, basals,
which pass under the cunp, the larger posterior

unilateral as in all the genera just
mentioned—a fact suggesting that
Onychocrinus should form a distinct
family or, at least, sub-family (Fig.
CX. 6) ; anals 3-5 resting on post. B

basal is just visible on the left; dl, fossa for
orsal ligament ; mf, muscle-fossa ; pt’, surface
for attachment of patelloid plate (pt). Other
letters as usual.

(see also Fig. XVII. 4). FamiLy 5.
SAGENOCRINIDAE. Impinnata with
over 20 iBr, 6 or more iIIBr, and
variable number of iIlIBr; arms isotomous or almost so, to VIBr
or beyond ; anals not a distinct series, but represented by greater width
or number of iBr in post. IR. Genera—Sagenocrinus, Austin (1843),
Silurian, Europe and N. America, has RA sunk between post. and
r. post. BB, so that proximal iBr is supported between post. B and RA
(Fig. XXIVa). In * Forbesiocrinus Agassizi,” Carboniferous, N. America,
which may be placed in this family, post. B supports 2 iBr, and there
are considerably more iBr in this IR. Patelloid plates are richly
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developed, but are absent from Sagenocrinus. Otherwise the two genera
agree closely.
The following genera are placed provisionally in the Impinnata :—

.Edr'iocn'nus, Hall (1859), Devonian, N. America (Fig. CXIL.), when young
18 astached by BB, but is

free - floating in adult; BB
become fused into a bowl-
shaped mass, supporting 5
RR and z; arms broad, with
low Br, isotomous. Cledo-
crinus, E. Billings (1856 ; see
W. & Sp., 1886), Ordovician,
Canada ; IBB and BB hidden
by stem ; RR small and sepa-
rated by a large pentagonal
interradial ; arms isotomous to
about VIIBr, and all appear
to interlock and to be joined
by close suture ; post. IR sup-
ports a vertical series of anals, which reach the full length of the arms.
Rhopalocrinus, W. & Sp. (1879), is based on * Taxocrinus gracilis,”
Schultze, Devonian, Eifel ; it perhaps belongs to Dicyclica Inadunata.

Fra. CXIIL

Edriocrinus piriformis, nat.
size. (After Hall.) 1, from
side, showing concavity for
attachment at end of fused
basals (B). 2, the cup from
above, showing anal (z) and
facets of radials.

GraADE 2. Pinnata.

Flexibilia with BB and RR united by close suture, RR and proximal
Br by muscular articulation or syzygy ; pseudomonocyclic ; arms pinnu-
late and either simple or isotomous; axial canal separate from ventral
groove throughout ; Jax is generally IBr,, rarely IBr, ; 5 O present in
early stages and sometimes in adult, but usually atroply ; anals do not
form part of the dorsal cup in the adult. Stem round, pentagonal, or
elliptical in section, proximal columnals often forming a widened cone.

This group is confined to Mesozoic and later times, and there is no
evidence that it is descended from the Palaeozoic Impinnata ; it may be
an offshoot from Triassic Dicyclica Inadunata, from which it is dis-
tinguished by the mode of growth of the proximal columnals.

FamirLy 1. APIOCRINIDAE. Pinnata in which the patina consists of 5
BB and 5 RR ; arms incorporated to a very variable extent in the cup,
and iBr may be present; columnals round or pentagonal in section, their
joint-surfaces marked wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>