TREATISE ON
INVERTEBRATE PALEONTOLOGY

Prepared under Sponsorship of
The Geological Society of America, Inc.

The Paleontological Society  The Society of Economic Paleontologists and Mineralogists

The Palacontographical Society  The Palueontological Association

Directed and Edited by

Raymoxp C. Moore

Part U
ECHINODERMATA 3

By J. Wyatt Durnam, K. E. Caster, Harrier Exuing, H. B. Fei, A G

Fiscuer, D. L. Frizzerr, R. V. Kesuing, P. M. Kigr, R. V. MeLviLeg, R. C.

Moozrg, D. L. Pawson, Gernarp ReenirL, W. K. Spencer, Georces UbacHs,
CaroL D, Wacner, and C. W, WriGHT

VOLUME 2

and

Tae UnivirsiTy oF Kansas Press

1966

ho 0363

SCO01366



© 1966 By Tre UNiversiTy oF Kansas PrEss
' AND
Tur GroLocicaL SOcIETY oF AMERICA, INc.

A1v Ricits ReservED

Library of Congress Catalogue Card
Number: 53-12913

Text Composed by
THE UNIVERSITY OF KANSAS PRINTING SERVICE

Lawrence, Kansas
Tustrations and Offset Lithography
MERIDEN GRAVURE COMPARNY

Meriden, Coennccticut
Binding
RUSSELL-RUTTER COMPANY
New York City

Published 1966

Distributed by The Geological Society of America, Ine.,, 231 East 46 Street, New York, N.Y., 10017, to
which all communications should be addressed.



PART U

ECHINODERMATA 3
ASTEROZOA—ECHINOZOA

By J. Wyatt Durnam, K. E. Caster, Harrier Exving, H. B. FeLr, A. G.

Fiscuer, D. L. Frizzern, R, V. Kesuing, P. M. Kier, R. V. MewviLig, R. C.

Moore, D. L. Pawson, Geruaro ReeNELL, W, K. SpENcER, GEorGEs UsacHs,
CaroL D. WacNeR, and C. W, WricHT

VOLUME 2

ECHINACEA
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[Victoria University of Wellington, New Zealand (transferred ro Harvard University and Smithsenian Iastitution) )

INTRODUCTION
By H. BarracLoucH FELL

The Echinacea comprise endocyclic Eu-
echinoidea in which the lantern is of suro-
dont or camarodont type. The assemblage
is here divided into six orders embracing 15
families. As in the Diadematacea, so also
in the Echinacea, the older and more primi-
tive genera exhibit ambulacra with the sim-
ple structure seen in cidaroids. The great
majority of genera, however, develop com-
pound ambulacral (amb) plates, following
several patterns, as described below. The
primary tubercles, initially perforate and
crenulate, tend in derived groups 1o become
imperforate and noncrenulate. The spines
(radioles), initially massive cylindrical rods
of cidaroid facies, tend to lose the cortex and
collar in later groups; unlike the Diadema-
tacea, the spines are invariably solid.

The oldest Echinacea so far recognized
arc of Late Triassic age, and thus the super-
order seems to have been differentiated at
about the same time as the Diadematacca,
and presumably both groups are derived
from cidaroids. The surviving orders of
Echinacea are predominantly shallow-water
and littoral forms of cosmopolitan distribu-
tion, thaugh the few survivors of the oldest
echinacean families are for the most part
found only in deep water. All six orders
still have Recent representatives, though five
of the 15 families are extinct. The youngest
order {Echinoida) is not known earlier than
the Cretaceous, and its four included fami-
lies scem to be at their maximum develop-

ment at the present time. Among these are
some of the largest extant echinotds. Ven-
omous species are seldom encountered, with
exception of some Toxopneustidae, which
have large aboral globiferous pediceliariae
equipped with poison glands. The families
Echinidae, Echinometridae, and northern
Pacific Strongylocentrotidae are today the
most numerous and conspicuous echinoids
of the littoral zone. As fossils in the Ter-
tiary they are less conspicuous than some
members of the endocyclic orders, but this
is a reflection not so much of their lessey
importance in Tertiary seas, as rather of
their lesser opportunity for preservation as
fossils, since wave action and the abscnce of
mud in reef areas frequented by most Echi-
noida weuld tend to destroy their tests or to
reduce them to unidentifiable fragments.
The Temnopleurcida prefer quieter, deeper
offshore waters, often tolerating soft bottom.
Probably for this reason the families of
Temnopleuroida are much more conspicu-
ous as fossils in Tertiary sediments than are
the Lchinoida. Of the older groups of Echi-
nacea, only the Tiarechinidae seem to have
been adapted to reef habitats, though it 1s
not improbable that other reef-dwelling
forms may have evolved during the Meso-
zoic, and have left only remains so fragmen-
tary that they have not yet been recognized.

As in the Diadematacea, the test and
spines have fundamentally the same strue-
ture as has been described above (p. U315)
for Cidaroida. The following features, how-
ever, require special mention.

(U367)
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MORPHOLOGY
By H. BarracLoucH FELL

TEST

The body shape is essentially subspherical
(e.g., Echinus, see Fig. 322,2¢), but is sub-
ject to great variation in the relative values
of vertical and horizontal diameters, leading
to tall subcylindrical or conical forms on the
one hand (e.g., Diploragma, Fig. 301,28}, or
flattened, almost discoidal tests on the other
hand (e.g., Coeloplenrus, Fig. 305,15; Phs-
tophyma, Fig. 301,la; Actinophyma, Fig.
295,2¢). The majority of gencra have a
more or less hemispherical test, somewhat
flattened below. Among the Ychinotda, un-
equal development of the horizontal diame-
ters leads to ellipsoidal forms in the families
Echinometridae and Parasaleniidae. Such
elongation along one or other of the hori-
zontal axes is not always related to the an-
teroposterior axis of symmetry, and is not
induced by exocyclic migration of the peri-
pract, as in pygasteroids or other so-called
irregular groups of echinoids. In general,
the symmetry is consistently radial, with no
evidence of truncation on the posterior side
{(interamb 3), nor any corresponding trun-
cation or elongation on the anterior side
{amb IIT). Evidence of the existence of an
anteroposterior axis is nonectheless casy to
find, if the apical system be taken into ac-
count. The size of the body ranges from
minute forms, such as the Pliocene temno-
pleurid Pseudodicaptella, with a test less
than 3 mm. in diameter, to massive echino-
metrids such as Fwechinus, in which the
test may measure 150 mm. in diameter, and
the echinoid Echinus escuientus, some speci-
mens of which are 200 mm. in diameter,
The test may be very delicate, but the su-
tures between the plates remain rigid, so
that the flexibility seen in Diadematacea is
here lacking, Among tropical gencra of
Echinometridae the plates may become
greatly thickened and the test correspond-
ingly rebust and heavy. In the Arbacioida
and Temnopleuroida a minute doweling or
ball-and-socket interlocking of adjacent
plates, which adds to rigidity of the test, is
demonstrable.

APICAL SYSTEM
The apical system is initiaily dicyclic in
the Mesozoic Echinacea (e.g., Pseudasalenia,
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see Fig. 274,22) and this fundamental pat-
tern is retained throughout the group, in-
cluding Tertiary and Recent representatives
{e.g., Fchinus, see Fig. 322,20). However,
as in the Cidaroida and Diadematacea, the
anus shows a persistent tendency to move
toward the rear aleng the anteroposterior
axis passing through amb IIT and interamb
5: this leads to the insertion of ocular I
(e.g., Acrosalenia, Fig. 273,36), or more
commonly to the insertion of both ocular 1
and acular V (e.g., Psendocentrotus, sce Fig.
321,32). Somewhat rarely ocular IV may
also become inscrt (e.g., Seerechinus, see
Fig. 322,3), or the whole apical system may
return to its archaic pre-cchinaccan mono-
cyclic condition (e.g., Hemidiadema, see
Fig. 311,7f). The anus may tend to move
posterclaterally, so that some genera con-
sistenitly exhibit a posterodextral anus, and
a consequential adapical displacement of
oculars I and 11 (e.g., Heterosalenia, see Fig.
274,1f): these features may be of systematic
value in defining genera, but only occasion-
ally are of higher significance, A notable ex-
ample is the Saleniinae, where posterodex-
tral displacement of the anus is consistent,
and constitutes the main subfamilial charac-
ter. Although such deviations in pesition of
the anus occur repeatedly in various families,
the great majority of genera exhibit a sim-
ple backward movement of the anus, in the
direction of interamb 5, with only individual
variants among species where slight disloca-
tion to one side or the other can be detected.
Thus, even in such genera of Echinometri-
dac as have acquired an ellipsoidal test,
through elongation along one or other of the
harizental axes, the major axis of morpho-
logical symmetry (anteroposierior axis) re-
mains unafected, as proved by the consis-
tent insertion of oculars 1 and V, through
resorption of the adproctal borders of the
adjacent genital plates. This axis of sym-
metry corresponds to the Lovénian plane,
and is the same as can be observed even in
some of the Cidareida. It is also the same
as that which becomes the major plane of
bilateral symmetry in the various exocyclic
orders. A peculiarity of the Salenioida is the
development of a single family polygonal
suranal plate {sce Fig. 274,2a), or several
such plates. This characteristic gives the
apical system of that order a calyx-like ap-
pearance. The Arbacioida have four or five
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triangular suranal plates which simulate the
znal pyramid of some pelmatozoans and
provide one of the ordinal characters of
arbaciocids {though usually lost in fossil
specimens ).

LANTERN AND PERISTOME

The major morphological distinction be-
tween the Diadematacea and ELchinacea
rests in the structure of the lantern. All or-
ders of Diadematacea retain an aulodont
lantern, essentially like that of the Cidaroi-
da, having unkecled teeth and an open
foramen magnum in the jaw. The four su-
rodont orders of Echinacea (Salenioida,
Hemicidaroida, Phymosomatoida, Arbaci-
oida) have acquired a keel on the inner
surface of each of the five teeth. The cama-
rodont Echinacea probably arose from the
stirodont stock {retaining the keeled dental
apparatus), but differ in having the foramen
magnum of the jaw closed by avergrowth
of the epiphyses, which meet in the inter-
radial mid-line of each jaw. As noted below
{p. U437), a similar condition cvidently
arose independently in the Orthopsida, but
since these latter betray through other evi-
dence an origin from aulodont, rather than
stirodont, ancestors, they cannot be classi-
fied with the camarodont Echinacea, and
must stand as an isolated group.

Buccal plates (paired ambulacral elements
imbedded in the peristomial membrane)
have alrcady been noted in the Diademata-
cea, and these structures occur also in the
Echinacea,

The peristome itself varies considerably
in size and outline. The peristome is large
in all stirodont orders, but may be relatively
small in the camarodonts. Its outline 1s
more or less pentagonal or decagonal in the
stirodont orders, where the gill slits are gen-
erally rather distinct {e.g., Hemicidaris, see
Fig. 280,{4); this is also true of the Toxo-
prcustidae among the camarodont orders
(e.g., Schizechinus, see Fig. 320,34). The
other camarodont families have rather in-
distinct gill slits, and consequently a mare
rounded peristome. Gill slits are not appar-
ent in the Tiarechinidae (see Fig. 325,14,
24}, a family of uncertain affinity, here pro-
visionally associated with the stirodonts (en
account of arbacicid features).

The development of accessory (second-
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ary) plates in the peristomial membrane
varies with the family and seems to have
little refationship to the ordinal category.
Thus, among camarodont orders, both tem-
nopleureid and echinoid genera are known
where the peristomial membrane is almost
naked, with only scattered plates, whereas
other genera may have very strongly plated
membranes {notably the family Echinidae).
The nature of the peristomial membrane is
unknown in most of the fossil stirodent
families, though it is rather densely plated
in the extant representatives, especially in
the Saleniidac {e.g., Salenocidaris, sce Fig.
276,45).

AMBULACRA

The ambulacral plates of Echinacea are
nearly always compounded and are invari-
ably so in the camarodont orders, as also in
one stirodont order (Arbacioida). However,
simple amb plates persist in some members
of the older, more primitive stirodont or-
ders {Salenioida, Hemicidaroida, Phymoso-
matoida), all of which originated in the
Late Triassic and Early Jurassic. Among
the Saleniidae, simple amb plates are known
only in the Salenioida, though we may infer
that primitive Acrosaleniidac will eventually
be discovered with the same character. In
Acrosaleniidae so far known, the plates ape
compounded in trigeminate groups, accord-
ing to the duadematoid pattern (p. U231),
the larger element being the median one of
each triad {e.g., Heterosalenia, see Fig. 274,
15). The pore pairs form a single series,
disposed meridionally -in each column,
though a partial triserial arrangement may
develop adorally. In the Salenudae, simple
bigeminate or trigeminate plates oceur (e.g.,
Hyposalenia, see Fig. 277,1d}; with excep-
tionally (in the one genus Polysalenia, see
Fig. 275,la-c) a polyporous condition. The
compounding is always diadematoid.

In Hemicidaroida the plates invariably
are compounded in diadematoid groups,
with polyporous plates the general rule in
the Pseudodiadematidae (see Figs. 286, 288-
291). In the Hemicidaridae the plates are
compounded adorally, but above the ambi-
tus the armbulacrum contracts abruptly, so
that on the aboral surface the plates are
simple primaries, carrying only small tuber-
cles (e.g., Plesiocidaris, see Fig. 281,1a).

Primary plates occur in some genera of
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Phymosomatidae, among Phymosomatoida,
and also in the Tiarechinidae (here as-
signed to the order Plesiocidaroida). In
more specialized Phymosomatidae the plates
are compounded, some in polyporous
and even in diplopodous plates (i.e., with
the tube feet arranged in two vertical series
on each plate). Trigeminate and polyporous
plates occur in the Stemechinidae. As in the
preceding orders, the compounding in Phy-
mosommatoida is invariably of the diadema-
wid rype. Examples of these are illustrated
in Figures 293-304,

The Arbacioida (see Figs. 303-309) ex-
hibit compound plates, uswally rrigeminate
but polyporous in some, though some in-
stances of simple plates without compound-
ing are known (but never involving the
entire ambulacrum). In all Arbacioida the
compounding is of the arbacioid type (p.
1231}, in which the larger median element
is flanked on either side by demiplates, a
condition evidently derived from the diade-
matoid pattern. Where the plates remain
simple, the triads exhibit an incipient arba-
cioid arrangement.

Among the camarodont Echinacea, where
compounding of plates is invariable, the old-
est known family of Temnopleuroida (Gly-
phocyphidae, see Fig. 310-312, appearing in
the Early Jurassic) has trigeminate or poly-
porous plates developed according to the
diadematoid pattern. The pare pairs are
arranged monoserially and are not widened
at the peristome. The Glyphocyphidae are
not known to have survived beyond the late
Eocene and they are the only camarodont
group of Echinacea in which diadematoid
compounding occurs.

In all other camarodont Echinacea the
compounding follows a pattern not previ-
ously encountered, known as the echinoid
type; in this pattern the largest element in
the compound plate is not the median, but
the lowermost member (e.g., Gracilechinus,
see Fig. 322,/%). If polyporous plates devel-
op, the additional demiplates therefore are
always located above the major clement
(e.g.. Echinometra, see Fig. 324,6). Com-
pound ambs of the echinoid types are not
known ecarlier than the Middle Cretaceous,
and they are the only type of amb found in
all families -which have originated since
that time.

Among the Temnopleuroida, trigeminate
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echinoid plates occur in the family Temno-
pleuridae, where the pore zones may be
monaserial, biserial, or pluriserial, but are
not widened adorally. Trigeminate or poly-
porous plates of echinoid type occur in the
Toxopneustidae, where the pore zones are
greatly widened in some forms toward the
peristome,

Trigeminate echinoid plates characterize
the Parasaleniidae, among the Echinoida;
some Echinidae and some Echinometridae
have similar plates. In all Strongylocen-
trotidae, most Echinometridae, and some
Echinidae, polyporous echinoid plates are
developed. The pore zones are commonly
petaloid or widened aderally in the Echino-
metridae. In this family compounding
reaches an extreme, with as many as 16 sepa-
rate amb plates uniting together and sharing
in production of a rclatively enormous pri-
mary tubercle (e.g., Hererocemtrotus, see
Fig. 324,7a<).

It is apparent that similar, though inde-
pendent, evolution has occurred in each of
the groups of Echinacea, always along the
same general lines—i.c., simple amb plates
tending to form bigeminate or trigeminate
compounds, yielding in turn 4-geminate, 5-
geminate, or higher multiples of polyporous
compounding; initially the compounding
followed diadematoid patterns, but (assum-
ing the Glyphocyphidac to be ancestral to
other Temnopleuroida) this was trans-
formed into echinoid compounding in mid-
Cretaceous times.

INTERAMBULACRA

T oldest stirodont Echinacea, notably the
Salenioida, Hemicidareida, and some Phy-
mosomatoida {groups which can be traced
back to the Late Triassic and Early Juras-
sic), the interambulacra preserit a cidaroid
aspect (e.g., Heterosalenia, see Fig. 274,1a;
Hemicidaris, see Fig. 280,1f). This is en
account of the massive development of a
single primary tubercle on each interamb
plate. In the Salenioida and Hemicidaridae
(Hemicidaroida), the arcole is correspond-
ingly enlarged to carry musculature of the
large spine supported on the tubercle. The
areoles may be confluent, as in many cida-
roids, and the secondary tuhercles very
reduced and restricted to admedian and ad-
radial borders of each plate. The massive
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primary tubercles form a single, very con-
spicuous and prominent series in each inter-
amb column. These features scem to point
10 a cidaroid, rather than diadematoid, deri-
vation of the early stirodont Echinacea. In
some Pseudodiadematidae, and still more in
later families, the secondary tubercles may
become enlarged, and even equal the pri-
maries, so as to form several seties in each
area, arranged vertically and horizontally
(e.g., Tetragramma, see Fig. 2911%). In
later groups, especially the camarodonts, the
primary tubercles suffer considerable reduc-
tion in size, with corresponding reduction
in the radioles, and simultaneous develop-
ment of additional secondary or tertiary and
miliary tubercles on the residual area of each
plate. These developments result in a more
uniform and more nearly spherical surface
of the test as a whole, the interambs present-
ing less contrast to the ambs. However, the
primary tubercles may become very con-
spicuous and enlarged as a secondary devel-
opment in some camarodonts, and this is
especially true of the Lchinometridae.
When this occurs, it is usually accompanied
by a corresponding enlargement of pri-
maries on the ambulacral plates, made pos-
sible by very advanced compounding of the
amb plates, as noted under that heading.

In Arbacioida the interamb is character-
ized by persistence into the adult state of the
initial primordial unpaired interamb plates
adjoining the peristome, some carrying an
unpaired median tubercle near its distal
angle. A still more remarkable condition oc-
curs in the Upper Triassic Tiarechinidae,
where the primordial interamb plate sup-
ports a median (t.e., third) column of inter-
amb plates, situated between the two col-
umns normally present in Luechinoidea.
Whether this should be interpreted as per-
sistence of pluriserial structure, presumably
inherited from a Paleozoic ancestor, is very
uncertain. It does suggest, however, that the
Arbacioida may be related to the Tiarechini-
dae or derived from them.

TUBERCLES

The evolution of tubercles in all groups
of Echinacea presents an orderly sequence
in which an initially perforate and crenulate

condition (see Fig. 280,If) is supplanted by
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later evolved imperforate and noncrenulate
conditions {see Fig. 306,3%). The two tran-
sients (perforate passing to imperforate, and
crenulate passing to noncrenulate) evolved
mare or less independently at different rates
in different families, with the result that
sometimes “mosaic” phases are seen, in
which a relatively advanced condition of one
variable may be combined with a relatively
primitive condition of another.

Taking first the four stirodont orders, the
oldest known family of Salenioida (Acro-
saleniidae) appeared first in the Early Juras-
sic, with perforate crenulate tubercles, these
forms surviving only to the Late Cretaceous;
in Late Jurassic time the Saleniidae arose,
with imperforate tubercles, though still re-
taining the crenulate condition, even in the
present-day representatives of the family.
Of the Hemicidaroida, both families (Hemi-
cidaridac, Pseudodiadematidac) appeared
first with perforate crenulate tubercles (in
Late Triassic and Early Jurassic times, re-
spectively), and both families retained these
characters until their final extinction in the
Late Cretaceous, Of the Phymosomatoida,
the family Phymosomatidae appeared in the
Early Jurassic, already with imperforate tu-
bercles, though retaining the crenulatior}
(see Fig. 297,2c). Since other characte
suggest a relationship with Hemicidaroié/:
we may guess that the Phymosomatidae are
imperforate derivatives of that order, the
first such derivatives to arise, and still re-
tainitig the original crenvlation. The Stom-
echinidae differ from the Phymosomatidae
in having lost the crenulation (see Fig. 304,
3d), and must therefore represent a further
derivative of the same line, and they too are
known from the Early Jurassic. Both these
phymosomateid families have persisted to
the present time, each represented by a sin-
gle known surviving genus. The Arbaci-
oida, comprising the single known family
Arbaciidae, appeared first in the Middle
Jurassic, at which time they had already ac-
quired the imperforate noncrenulate tuber-
cles which they retained threughout their
subsequent history; their origin is possibly
to be sought among the Tiarechinidae,
which had developed tubercles of the same
type in Late Triassic time, though the deri-
vation of the ‘Tiarechinidae themselves is at
present obscure.
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Taking now the two camarodont orders
of Echinacea, the Temnopleuroida first ap-
peared in the fossil record in the early
Jurassic, and as would be expected, have
perforate crenulate tubercles. The imper-
forate condition first appeared in the family
Temnopleuridae (in the Middle Creta-
ceous), combined with crenulation, though
in a few genera {mainly of the later Terti-
ary) the crenulation is vestigial or lost. The
third temnopleuroid family (Texopneusti-
dae) is not known prior to the early Oligo-
cene, when they alrcady had imperforate,
nencrenulate tubercles, a condition retained
to the present time. Of the four families of
Fchinoida, none is known with certainty
before the Paleocene (Echinometridae),
though some doubtful members of the fam-
ily Echinidae occur in Early Cretacecus
sediments. These families (also Strongylo-
centrotidae and Parasaleniidae) all present
imperforate noncrenulate tubercles and re-
tain this feature to the present time,

Summarizing, then, the dominant mod-
ern groups of Echinacea (Temnopleuroida,
Fchinoida) were the last to become difter-
entiated, and all six surviving families of
thesc two orders have imperforate tubercles;
five of the six have also lost the crepulation.
Of the more ancient groups which still have
surviving members, the Arbacioida, like
Echinoida and Temnopleuroida, have im-
perforatec noncrenulate tubercles; and the
relict groups of Late Triassic and Early Ju-
rassic derivation, are each represented in
Recent faunas only by imperforate members.
The only crenulate Echinacea which still
have surviving members are the families
Saleniidae and Phymosomartidae, and these
survivors are clearly relicts of early Mesozoic
faunas, retaining an archaic aspect.

EPISTROMA

A characteristic feature of the Arbacioida
and some Temnopleuroida {Glyphocyphi-
dae, Temnopleuridae) is the development
of sculpture on the surface of the test. This
consists of substance {epistroma) in the
form of raised ridges or prominences, associ-
ated in some genera with indentations or
pits, producing more or less complex pat-
terns in relief. In the Arbacioida the epis-
troma, if present, tends to assume the form
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of globules or warts of calcite on the surface
of the plates. In denuded tests (e.g., Glyp-
ticus, see Fig 309,1d), the epistroma may
simulate tubercles, though of course no
spines are carried on the warts, In Temno-
pleuroida the cpistroma may appear as
ridges which unite chains of secondary tu-
bercles, commenly in more or less radiating
or zigzag patterns about or between the pn-
mary tubercles (see Tig. 313,315,321). In
the temnopleurid Pseudechinus, such epis-
troma may be present only in very young
stages and may constitute almost the only
evidence of the temnopleurid affinity of spe-
cies of the genus (see Fig. 317,14). In some
Temnopleuroida well-defined pits or sunken
areas may occur, usually along the sutures
or at the angles of the plates {e.g. Temno-
trema, see Fig. 317,4). Many echinaceans
exhibit sculpture on the apical system and
epistroma here s especially characteristic of
some Salenioida (e.g., I{yposalenia, see Fig.
277,14, A,

SPINES

As noted above (p. U343), the primary
spines {radioles) in the Diadematacea are
usually hollow and delicate. The Echinacea
differ markedly, and in this respect ap-
proach the Cidaroida in having solid (com-
monly rather massive) spines. In addition,
other cidaroid features may be present, no-
tably development of an external cortex
layer on the spine, and consequent presence
of a transitional collar zone at the base of
the shaft, where the cortex is lacking. Tt 1s
significant that spines of more or less cida-
roid character, including a cortex and collar,
occur in the oldest and most primitive or-
ders of Echinacea, the Salenioida (see Figs.
273,1a; 274,2¢), Hemicidaroida (see Fig.
280-283), somc Phymosomatoida (see Fig.
293} and Arbacioida (see Fig. 306). These
point to a cidaroid, rather than diadematoid,
ancestry of the surodont groups. In some
Phymosomatoida the cortex and collar are
lacking and such features are unknown in
any of the camarodont Echinacea. The data
suggest that the spines of Echinacea devel-
oped initially from a cidaroid pattern and
gradually lost the cidaroid character, the
temnopleuroid and echinoid types repre-
senting late divergent phases.
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CLASSIFICATION AND
EVOLUTIONARY TRENDS

By H. BarracroucH FeLL

The foregoing review of morphological
features discloses some striking similarities
to Cidaroida in the earlier stirodont orders,
and we may conclude that the origin of the
stirodont Echinacea must lie among Cida-
roida, an opinion already cxpressed by Maog-
rensen (136i). The characters of the spines
especially exclude Diadematacea as possible
ancestral forms, save only the Pedinoida—
and these latter are excluded since pedinoids
had already lost crenulation of the tubercles.
The widespread occurrence of diadematoid
compounding in both Diadematacea and
stiredont Echinacea seemingly points to a
common origin for both groups, though it is
not yet possible to suggest any particular
cidaroid group which might be ancestral.
Recently Durnam & MEewvieee (52) have
proposed a possible diadematoid ancestry for
the stirodont Echinacea, on the basis of oc-
currence in the English Lower Jurassic of
echinoids with perforate crenulate tubercles,
hollow spines, and keeled teeth. The mate-
rial is stated, however, to be insufficiently
known for description. While it is impossi-
ble to discuss this view at length without
further derails, the criticism must be made
that hollow spines seem most unlikely to
have given rise to the characteristic massive
cidaroid spines of carly families of stirodont
echinoids, whereas it 1s no more difficult to
envisage the independent development of
kecled teeth in diadematoids than the double
origin of camarodent dentition, and the lat-
ter is now generally accepted. The fact that
most Disdematacea share with Echinacea
paired buccal plates in the peristomal mem-
brane might be cited as evidence of afhnity,
since known cidaroids do not share this fea-
ture. llowever, a multiplated peristome is
known in the Salenioida, and the general
weight of other evidence (reviewed by
MortENsEN, 136b) seems to exclude the
Diadematidac from ancestry of Salenioida.
Therefore, a cidaroid origin of the stirodont
Echinacea is here preferred as being open
to fewer objections. The Salenioida and
Hemicidaroida probably share a commen
early Triassic ancestry. In the former order
the Acrosaleniidae would be the earlier stock,

U3i3

giving rise to Saleniidae in mid-Jurassic
times, some members of the latter sull sur-
viving. Among the Hemicidaroida, the
Pseudodiademaridae were differentiated by
Late Triassic time and evidently represent
the older of the two familial lines 1nvolved,
having relatively generalized ambulacral
structure, ' From them the Hemicidaridae
arose at the beginning of the Jurassic, and
from these in turn the Phymosomatoida
developed by assuming imperforate tuber-
cles. Subsequent loss of crenulation would
lead to differentiation of the Stomechinidae,
presumably from Phymosomatidae,

The origin of the Arbacioida seems to lie
among the Tiarechinidae, but the source
{from which the Tiarechinidae arose is not
clear.

The camarodont Echinacea were thought
by Mortensen (1361) to have arisen as two
distinct lines derived from stirodont Echina-
cca.  The Temnopleuroida may Thave
cvolved from Pseudediadematidae, if we ac-
cept the Glyphocyphidac as the earliest
members of that order. Alternatively, if the
Glyphocyphidae be regarded as a separate
line, then it would be feasible to seek a phy-
mosematid ancestry for the Temnepleuridac
and Toxopneustidae, since these families
share imperforate tubercles, and the older
Temnopleuridae also sharc crenulation with
the Phymosomatidae.

The Echinoida were thought by MorTEN-
sEn (1361) to represent another camarodont
development from a stirodont ancestry,
which he sought among the Stomechi-
nidae, présumably because imperforate
noncrenulate tubercles appeared first in
Stomechinidae.

DuritaM & MEeLvitLe {32}, citing an ear-
lier opinion of Mortensex {136b), have
sugeested an origin for the Arbacioida
among the Hemicidaroida, but this view is
difficult to relate to the known history of
the evelution of the tubercles. It seems that
the Tiarechinidac are a more promising
source, though little is known of this Trias-
sic family.

Durram & Mervitie (32) recognized
five orders of Echinacea (Hemicidaroida,
Phymosomatoida, Arbacioida, Temnopleu-
roida, Echinoida), the last three here treated
as proposed by them. The Hemicidaroida
were considered by Durnam & MELVILLE to
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comprise the Acrosaleniidae, Saleniidae, and
Hemicidaridae. Such an assemblage is ex-
ceedingly difficult to define, because the
same authors refer the Pseudodiadematidae
to the Phymosomatoida. As already indicat-
ed by Mortexsen (1361), the Hemicidaroi-
da must represent the initial steck of a line
which included the Psevdodiadematidae,
and although Monrrensex did not then give
reasons for his opinion, the foregoing review
of morphological features suggests that it is
well founded. Consequently, the ordinal
arrangement here adopted places the Pseu-
dodiadematidae and Hemicidaridae together
in the Hemicidaroida, defined primarily as
stirodent Echinacea, sharing perforate cren-
ulate tubercles, as well as other features
already indicated. The Saleniidae and Acro-
saleniidae stand alone, as MoRTENSEN has
maintained, characterized by the peculiar
features of the apical system. Accordingly,
a separate order Salenioida (=Calycina} is
here preferred to encompass these two fam-
ilies, the more so since their near relation-

ship to the other stirodont Echinacea is
rather doubtful,

As inferred by MorteEnsEN (136i), the
Orthopsidae, although camarodont, cannot
be derived from stirodent Echinacea, and
must represent a separate line, perhaps of
aulodont origin, DurnaM & MeLviLLE (52)
excluded the family from the camarodont
orders of Echinacea and associated it with
the Hemicidaroida. However, other reasons
can be advanced for excluding Orthopsidae
from the Hemicidaroida, and since insufh-
clent evidence at present warrants erccting
a separate superorder for their reception, the
Orthopsidae are here regarded as a distinct
order, Orthopsida, of uncertain superordinal
affiliation.

STRATIGRAPHICAL
DISTRIBUTION

By H. BarracLoucH FELL

The recorded time ranges of the orders
and families of Echinacea are indicated in
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Figure 272. Owing ta lack of information
on the buccal plating and pedicellariae in
most fossil genera, it is impracticable 10
represent peak development of genera by
variation in the thickness of the lines, for
sampling on the basis of fossils is not direct-
ly comparable with that of extant forms, and
such comparison would give misieading em-
phasis to Recent genera.

SYSTEMATIC DESCRIPTIONS
By H. BagrracroueH FeLL and
Davip L. Pawson

Superorder ECHINACEA Claus,
1876

“nam. coreect, DurRHAM & Meoyviiie. 1957 {pre Echinidene
Craus, 1876)] [Diagnosis prepared by ]J. W. Durmam and
R. V. MrLviLLe]

Corona rigid; periproct within apical sys-
temn; branchial slits present in adult; perig-
nathic girdle complete in adult; lantern
present in adule, teeth keeled. U.Trias-Rec.

Order SALENIOIDA
Delage & Hérouard, 1903

“nsm. rrand. Feol & Pawson, herein (ex Saleninz Delace &
HErouarp, 1903, p. 235] [=Calycina Grecory, 1900 {name
not hased on any included taxon)]

Lantern stiradent. Test of cidareid facies
icach intcramb plate with single large pri-
mary tubercle and number of much smaller
secondary tubercles). Ambs simple or com-
pounded in dizdematoid manner. Apical
svstern with one or several large, polygonal
suranal plates, closely connected with the
oculogenital ring, simulating a calyx. Inner
border of oculogenital ring angular, not
circular or oval. Periproct posterior (toward
zenital 5) ar posterodextral {toward ocular
[). encroaching on posterior edge of suranal
olate, or plates, which become emarginated.
Primary tubercles usually crenulate. Pri-
mary spines of cidaroid facies, with collar
and cortex layer. PU.Trias., L.Jur.-Rec.

Family ACROSALENIIDAE Gregory,
1900
[Acrosaleniidae Grecoay, 1900, p. 306]

Primary tubercles perforate, crenulate (ex-
ceptionally some aboral amb tubercles non-
crenulate).  Apical system large, usually
Zicyelie, but oculars I and V insert in some.
Gill slits distinetly developed on peristome.

U37s

Primary spines large, cylindrical, tapering
or clavate, with solid medulla and outer cor-
tex. Tridentate and ophicephalous pedicel-
lariac known in some species. Amb plates
simple, or arranged in diadematoid triads,
or fused into diadematoid compound plates
(in some polyporous at ambitus). Test
small to moderate (up to 40 mm. horizontal
diameter), low, hemispherical to pentagonal.
?U.Trias, L]ur-U.Cret.

Acrosalenia L. Acasstz, 1840, p. 38 [*A4. spinosa;
OD] [=Milnia Hame, 1849, p. 217 (type, Hemi-
cidaris angularis Acassiz, 1846, p. 337); Thylo-
salenia Pomrewr, 1883, p. 102 (type, Hemicidaris
patella Acassiz); Plesiosalemia VavetrTE, 1906, DM
5 (type, Acrosalenig pentagona CoTTEAU)]. Low,
hemispherical. Periproct displaced toward genital
S, or ccular I, or exceptionally penetrating into
interamb 5. Ambs trigcminate throughout; or
simple aborally with alternately large and small
tubercles. Pore pairs in linear series, or in arcs
of 3 near peristome. Primary spines elongate,
cylindrical, smeooth or granulated. 2U.Trias,
{Rhaer.); L. Cret{Hetrang.), Eu.-E.Afr.-Madag.

Fic. 273,1. A. hemicidaroides WRIGHT,
Bathon,, Eng.; [a®, test, aboral (with spines),
oral, X0.7 (172} Fie. 273,2. A. marcon!

CorTeat, UJur.(Kimmeridg.), Fr.; 2a, amb plates

near peristome, %3.3; 24, interamb, X2 (27d).

Fic. 273.3. *A. spinosa; 3a, amb column,
w2 (50); 3k, apical system, X 1.3 (27d). Fic.
2734, A. patella (Acassiz), L.Cret.{(Neccoin.),
Fr.; interamb, X2 {27d).

Heterosalenia CotTeau, 1861, p. 96 [*H. muartini;
OD) [=Metacrosalenia Currig, 1925, p. 55 (type,
M. psendocidaroides; OD)). Like Pseudosalenia,
but periproct displaced to right towards ocular L
Radioles unknown., U.Jur.{Oxford.;, Eu.-E.Afr.
(Somalia}; U.Cret.(Senon.), Eu.-Jamaica. Fie.
274,1, *H. martini, U.Cret.(Senon.), Fr.: lab,
ineramb, amb, X2.7; Tc-ey test lat, aboral, oral,
% 1.3: If, apical system, X2.7 (27a).

Monodiadema pe Lorior, 1890, p. 58 [*M. cortean:;
OD]. Like Acrosalenia, but all amb plates simple
primaries. Apical system caducous; with con-
spicuous posterior clongation (as in samc species
of Aerosalenia), U.Jur., Eu., N.Afr. Fic. 279,
2. *M. cowteani, U.Jur.{Oxford.), Port; 2ab, test,
lat., aberal, 1.3 (103); 2¢,d, test, oral, and amb,
1.3, X2 (129 2e, secondary spine, X7 (105},
2f, amb plates, detail, X 10 (136¢).

Polysalenia MorTeNsEN, 1932, p. 490 [*P. norabilis;
OD]. Like Psendosalenia, but tubercles almost all
imperforate {some perforate examples indicating,
however, affinity with Acrosaleniidae rather than
Salenudae). Primary amb plates polyporous at
ambitus, and cnlarged, their tubercles almost as
large as intcramb tbercles. Amb plates trigeminate
aborally, U.Cres.({Senon.), Sweden. Fie. 2753,




Fic. 273. Acrosaleniidae (p. U375).

1. *P. notabilis; la-c, test, aboral, lateral, oral,
% 0.73 (136¢).

Pseudosalenia Correau, 1859, p. 22 [*P. flexuosa;
OD (=dAcrosalenia aspera L. Acassiz, 1838)]
[=Amphisalenia Pomer, 1883, p. 95 (Ptype);
Perisalenia VaLeTTE, 1906, p. 6 (type, Acrosalenia
ganthieri Correav)]. Like Acrosalenia, but ambs
sinuate, trigeminate below ambitus, with simple
amb plates aborally, where tubercles are imper-
forate noncrenulate. Periproct on mid-line, dis-
placed towards genital 5. Primary spines cylin-

drical (?or ovoid-clavate). U.Jur., Eu., M.Cret.,
Eu.-Asia Minor (Lebanon)-C.Am.(Honduras).
Fic, 274,2a-d. *P. aspera, U.Jur., Fr.; 2a, apical
system, X3.3; 2b-d, test, aboral, oral, lat, x1.3
(27d). Fic. 274,2e. (?) P. zumoffeni DE
Lorior, Cenoman., Lebanon; primary spine (pos-
sibly of this species), X3.3 (125).

Recrosalenia Currie, 1925, p. 47 [*R. somaliensis;
OD]. Like Monodiadema, but amb plates near
peristome arranged in diads or triads. U.Jur.
(Bathon. or Callor.), N.Afr. (Somalia). Fic.
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U377

Fic. 274. Acrosaleniidae (p. U375-U376)+

275,3. *R. somaliensis; 3a, interamb, X3.3; 35,
III amb triad, }12: 3¢, test, lat. X,1.7 (39).

Family SALENIIDAE L. Agassiz, 1838

[nom. correct. Haime, 1849, p. 218 (pro des Salenies
Acassiz, 1838, p. 5)]

Primary tubercles imperforate. Primary
amb tubercles noncrenulate; primary inter-
amb tubercles usually crenulate. Apical sys-
tem large, usually dicyclic, but oculars T and
V insert in some. Gill slits usually devel-
oped on peristome. Primary spines long and
slender, with more or less spinulose cortical
laver on shaft. Amb plates simple, bigemi-
nate, or trigeminate (apparently of di-
adematoid type, but outlines difficult to
distinguish); pore zones usually straight
(exceptionally widened at peristome).
Spheridia present, on amb mid-line near
peristome, near pores at ambitus, free, or
=xzceptionally in pits. Pedicellariae of triden-

J
tate, ophicephalous and triphyllous types;
globiferous type unknown. Tests mostly
small (up to 15 mm. horizontal diameter,
but exceptionally reaching 45 mm.). U.Jur.
Ree.

Subfamily SALENIINAE L. Agassiz, 1838

[mom. correct. Haime, 1849, p, 218 (pro des Salenies
Acassiz, 1838, p. 5)]

Periproct displaced posterodextrally, to-
ward ocular I, hence lying to right of antero-
posterior axis amb IIl-interamb 5. L. Cret.-
Rec,

Salenia Gray, 1835, p. 58 [*Cidarites scutigera
MonsTER (in Gorubpruss), 1826, p. 121; OD]
[=Cidarelle Desmourins, 1835, p. 200 (type,
Echinus  petaliferus  DEFRANCE);  Bathysalenia
PomeEL, 1838, p. 94 (Ptype)]. Test hemispherical,
usually small (5-15 mm. horiz. diam.), some up
to 25 mm. horiz. diam. Ambs bigeminate through-
out, each compound plate carrying 2 pore pairs and
1 primary tubercle. Pore zones straight, not con-
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Fic. 275. Acrosaleniidae (p. U375-U377).

spicuously widened at peristome. Primary spines
usually slender and curved, thorny and verticillate,
some expanded distally; in living species usually
banded with red. L.Cret.(Neocom.)-U.Cret., Eu.-
Afr.-Asia-N, Am.-Australia; Eoc., Eu.-Afr.-N.Am.;
L.Oligo., N.Am.(Ore.); Mio., N.Afr.; Rec., Indo-
Pac.-Carib.  (tropic-subtropic), archibenthal.
Fic, 276,2a. S. goesiana LovEn, Rec., Carib. (90-
540 m.); detail of interamb and adjacent pore
zones, X7 (1). Fic, 276,2b,c. S. neocomen-
sis CorTEAU, L.Cret., Fr.; amb adoral, X0.3, X7
(27a). Fic. 277,3. S. rejaudryi ARNAUD,
Senon., Eu.; interamb, X3.3 (8). Fic. 278,2.
S. iumidula Crarx, Paleoc., N.Am.(N.J.); 2a-c,
test aboral, lat., oral, X2 (24).

Salenocidaris A. Acassiz, 1869, p. 254 [*S. vari-
spina; OD]. Test small (less than 20 mm. horiz.
diam.). As for Salenia, but amb plates bigeminate

only at peristomial region, elsewhere simple, each
plate carrying one pore pair and one tubercle.
Primary spines long, slender, thorny, verticillate;
in living species unicolored, not banded with red.
Rec., IndoPac.-Atl. (200-300 m.). Fic. 2764a.
*S. parispina, Carib, (367 m.); test of juvenile,
oral; X 13.3 (3). Fic, 276,4b,c. S. miliaris A.
Acassiz, Pac, (1,200-3,000 m.); 4, peristome and
adoral region, X7 (27a); 4¢, amb, X0.7 (20).
Salenidia Pomer, 1883, p. 94 [*Salenia gibba
Acassiz; SD Lamsert & Taifry, 1910, p. 212]
[=Pleurosalenta Pomer, 1883, p. 94 (seste Mor-
TENSEN, 1935, p. 347)]. Like Salenocidaris, but
ambs consisting throughout of primary plates,
each with tubercle and pore pair. M.Cret.-U.Cret.
(Alb.-Senon.), Eu.; Eoc., Pak.; U.Eoc.( Aldingan.),
Australia. Fic. 276,3. S. blandfordi DuNcan &
Srapew, Eoc., Pak.; amb plates, X13.3 (47).
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Trisalenia

Fic. 276, Saleniidae (Saleniinae) (p. U377-U379).

Fic. 277,2. S. heberti (CorrEau), Senon., Fr.;
2a,b, amb, interamb, 3.3 (27a).

Trisalenia Lamsert, 1895, p. 262 [*Salenia loveni
Correau, 1859; OD]. Test relatively large (up
to 45 mm. horiz. diam.). Ambs trigeminate at
ambitus, bigeminate adapically; pore zones much
widened at peristome. Apical system smooth,
Spines claviform. U.Cret.(Senon.), Eu. Fic.
276,5. *T. loveni (CorTEAU), Sweden; Sa-d, test,
oral, aboral, lat., primary spine, X 0.7 (137).
Valsalenia MorTeEnseEN, 1934, p. 165 [*Salenia
garumnensis VALETTE, 1905; OD]. Like Salenidia
but successive amb tubercles alternately large and
small, and conspicuous transverse ridge defining
adapical margin of each plate. Palcoc.(Dan.), Eu.
Fic, 276,1. *S. garumnensis (VaLETTE), Fr.;
amb detail, X4 (165).

Subfamily HYPOSALENIINAE Mortensen, 1934
[Hyposaleniinae MorTeNseN, 1934, p. 165]
Periproct displaced posteriorly toward
genital 5, hence lying in anterioposterior
axis amb Ill-interamb 5. U.Jur.-U.Cret.

Hyposalenia Desor, 1856, p. 147 [*Echinus acanth-
oides DEsmouLins; SD MorTensen, 1935, p. 344]
[=Peltastes L. Acassiz, 1838, p. 27 (obj.) (mon
Rosst, 1807); Peltosalenia QuenstenT, 1874, p. 36
(obj.)]. Test small (10-15 mm. horiz, diam.).
Ambs bigeminate, with 1 tubercle and 2 pore
pairs on each plate; pore zones uniserial. Interamb

tubercles large, crenulate. Apical system with
conspicuous  striations, or sutural depressions;
apical plates commonly elaborately sculptured.

U.Jur.( Kimmeridg.)-U.Cret.(Senon.), Eu. Fic.
277.1a-e. *H. acanthoides (Drsmourins), Ceno-
man., Fr.; Ia-c, test, aboral, lat,, oral, X1.3; Ide,
amb, interamb, X7 (27a). Fic. 277,1f,¢. H.
bunburyi (Forses), Cenoman., Eng.; If.g, apical
system, test lat,, X2.7 (173). Fic. 277,14, H.
clathrata (Acassiz), Cenoman., Eng.; apical sys-

tem, X2.7 (27a). Fic. 277.1i. H. wrighti
Desor, Cenoman., Eng.; apical system, 2.7
(27a). Fic. 277,1j. H. heliophora (Acassiz &

Desor), Senon., Eu.; apical system, X2.7 (27a).
[ =Peltaris QuensTepT, 1873, p. 236.]
Idiocidaris pE Lortor, 1909, p. 228 [*L lamberti;
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Fic. 277. Saleniidae (Saleniinae) (2-3), (Hyposaleniinae) (1) (p. U377-U379).

OD]. Test small (8 mm. horiz. diam.). Apical
system bearing sculptured, elevated pentagonal fig-
ure with each angle on ocular plate. Ambs simple,
one tubercle and one pore pair on each plate; pore
zones uniserial. One large crenulate tubercle on
each interamb plate. M.Cret.(Cenoman.), Asia
Minor. Fic. 279,3. *1. lamberti, Syria; 3a, test,
aboral, ¥ 1.3; 3b,, apical system, amb detail,
%3.3; 34, interamb, X5.3 (126).

Glyphopneustes Pomer, 1869, p. x| [*Goniophorus
problematicus  Correau, 1880, p. 121; OD]
[=Coptophyma PeroN & GauvTHIER, 1879, p. 209
(obj.)]. Test small (10-12 mm. horiz, diam.),
spherical. Ambs simple, plates grouped in triads,
with primary tubercle on every 3rd plate. Spheri-
dial pit (like that of Goniophorus) on amb plates
adoral to tubercle-bearing place of each triad.
Interamb plates each bearing one very large crenu-

late tubercle, suture between adjacent areoles de-
pressed. Apical system dicyclic; no suranal plate.
M.Cret., N.Afr. Fic. 278,1. *G. problematicus
(CorreaUu), Cenoman., Alg.; Iz, interamb, X5.3
(26); 15, amb adoral, X8 (26); Ic, amb adoral,
10 (35, modified); Id, apical system, X8 (26);
le, amb plates, detail, 30 (136d); 1f, interamb
plates, detail, % 13.3 (136d).

[The systematic position of this genus is uncertain, the
dicyclic apical system and transverse depressed suture on
the interamb plates pointing to a temnopleurid afinity; on
the other hand, the spheridial pits parallel those of
Gonitophorus, and the simple amb plates have nearer
parallels among Saleniidae than in the Temnopleuridae.
The balance of cvidence favors a saleniid relationship in
the opinion of MorrtenseN (136d), who has clarified some
details of its structure. ]

Goniophorus L. Acassiz, 1838, p. 30 [*G. lunula-
tus; SD LameertT & Taifry, 1910, p. 209]
[=Geonosalenia QuenstenT, 1872, p. 36 (ftype)].
Test small (15 mm. horiz. diam.). Apical sys-
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tem with sculptured clevated ridges forming geo-
metrical figures (rhombs and triangles); no sutural
pits. Ambs bigeminate (possibly trigeminate ad-
orally); pore zones uniserial. Amb plates each ad-
orally bearing spheridial pit between adjacent
primary tubercles. Interamb plates each with one
large crenulate primary tubercle. Spines finely
striated, cortex possibly lacking. M.Cret.(Alb.-
Cenoman.), Eu.-N.Am, Fie. 279,1. *G. lunu-
latus, Cenoman., Fr.; la-c, test, aboral, lat., oral,
% 1.7 (173); 1d, adoral part of amb, with spheri-
dial pits, X7 (27a, modified); Ie, interamb, 3.3
(173); If.g, interamb, amb, X3.3 (27a).
Poropeltaris QuenstepT, 1875, p. 242 [*P. sculpro-
punctata; OD]. Test small (9 mm. horiz. diam.).
Apical system smooth, with depressed sutural pits.
Ambs bigeminate, 1 tubercle for each 2 pore pairs.
One large noncrenulate tubercle on cach interamb
plate. U.Jur., Eu, Fic. 279,2. *P. sculptopunc-
tata, Oxford., Ger.; 2a, test, aboral, X1.3; 2b,c,
amb, interamb, X 7; 2d, apical svstem, X4 (125).
[=Poropeltis Duncax, 1889, p. 46 (nom. null.).]

Order HEMICIDAROIDA
Beurlen, 1937

[nom. transl. DuraAM & Msuviiie, 1957, p. 254 (ex sub-
order Hemicidarina Brurien, 1937, p, 63) (herein restricted
to Hemicidaridae+Pseudodiadematidae]

Lantern stirodont. Apical system lacking
large polygonal suranal plates, not simulat-
ing calyx., Primary tubercles perforate, us-
ually also crenulate (noncrenulate in Cida-
ropsis). U.Trias-U.Cret.

Family HEMICIDARIDAE Wright, 1857
[Hemicidaridae WricnT, 1857, p. 68]

Test of moderate size, usually flattened
adorally, commonly rather high. Ambs nar-
rowing abruptly above ambitus, aboral am-
bulacral tubercles abruptly decreasing in
size; amb plates compounded in diadema-
toid manner on adoral side, but usually sim-
ple primaries above ambitus. Peristome
large, with conspicuous gill slits. Primary
spines of cidaroid type, with distinct collar
and cortex; secondary spines flattened. Pedi-
cellariae and spheridia unknown. L.Jur.-U.
Cret.(Cenoman.).

Hemicidaris L. Acassiz, 1838, p. 3 [*Cidarites
crenularis Laxarck, 1816, p. 59 (=H. intermedia
Correau, 1880, p. 41); SD Gorpruss, 1836, p.
122] [=Hemipygus ETarLrLon, 1859, p. 221 (juv-
enile stage, fide Secumv, 1906, p. 1167)]. Aboral
amb plates not all simple primaries, usually bige-
minate plates alternating with simple plates; ambi-
tal and adoral amb plates trigeminate or poly-
porous. All primary tubercles perforate, crenu-

U381

Salenia

Fic. 278. Saleniidae (Saleniinae) (2), (Hyposalenii-
nae) (1) (p. U377-U378, U380).

late; large amb tubercles on each column; interamb
plates with well-developed tubercles throughout,
no naked space or reduced tubercles aborally. Pri-
mary spines elongate, cylindrical, tapering. M .Jur.
(Bajoc.)-U.Cret.( Cenoman.), Eu.-Asia Minor-N.
Afr.-Madag.-N.Am. Fic. 280.la-e; 281,2ab.
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Fic. 279. Saleniidae (Hyposaleniinae) (p. U379-U381).

*H. crennlarts (Lamarck), U.Jur.(Oxford.), Fr
280,1a-c, test aboral, oral, lat, X 1.1 (27¢); 280,
Id, test with spines, 0.7 (172); 280,1e, amb,
X2 (27¢); 281,2a,b, details of amb compounding,
X2 (46). Fic. 280.1f. H. glasvillei CorTEAU,
U.Jur.(Portland.), Fr.; interamb, X2 (27c).
Fic. 281,2¢. H. mondegoensis (pE LorioL), Jur.,
Port.; structure of amb plate, X2 (124).

Asterocidaris Corteav, 1859, p. 14 [*4. notodi;
SD LamserT & Trifry, 1910, p. 169]. Like Gym-
nocidaris, but upper interamb plates devoid of
primary and secondary tubercles, hence 5 inter-
ambulacral naked areas form star-shaped pattern
about apex. Jur.(Bathon.-Oxford.), Eu. Fic.
282,2a-c. *A. notodi, Oxford., Fr.; 2a,b, test, ab-
oral, lat, ¥X1.2: 2¢, interamb, X3.3 (27c).
Fic. 282,2d,e. A. minor Corteau, Bathon., Fr.; 2d,
apical system, X2.3; 2¢, amb adoral, X5.3 (27c).
Cidaropsis Cotteau, 1863, p. 374 [*Hemicidaris
minor Acassiz, 1840, p. 9; OD]. Primary tuber-
cles noncrenulate (some with weak crenulation);

otherwise as Pseudocidaris. M.Jur.(Bathon.), Fr.
Fic. 283,1. *C. minor (Acassiz); lab, test,
aboral, lat., X1.3; I¢, spine, X1.2; Id-g, apical
system, amb, interamb, detail of aboral part of
amb in large specimen, all X3.3 (27c).
Gymnocidaris L. Acassiz, 1838, p. 3 [*Hemicidaris
diademata Acassiz, 1838, p. 49; SD LaMBERT &
THifry, 1910, p. 168] [=Prodiadema PomEL,
1869, p. 38 (type, Cidarites agassizi RoemER, 1839,
p. 70)] [non Gymnocidaris A. Acassiz, 1863
(=Eucidaris’ Pomer, 1883)]. Like Hemicidaris
but upper interambulacral primary tubercles re-
duced. M.Jur.(Bathon.), Eu. Fic. 284,1. *G.
diademata (Acassiz), Fr.; la-e, test, aboral, oral,
lat., X1.1; 1d, amb, X2.3 (27c); lef, primary
spine, X 1.1, X3.2 (27¢c).

Hemitiaris Pomer, 1883, p. 96 [*Hemicidaris sira-
monium L, Acassiz, 1840, p. 47; SD LAMBERT &
Taréry, 1910, p. 170]. Like Gymnocidaris, but
primary amb tubercles arranged in unpaired
median series at ambitus, and in some species also
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Hemicidaris

Fic. 280, Hemicidaridae (p. U381-U382).

aborally. U.Jur., Eu. Fic. 285,1. *H. stramon- H. morinica (Sauvace & Ricaux), Portland., Fr.;
ium (Acassiz), Kimmeridg., Fr.; lab, test with amb, X2 (27c).

spines, aboral, oral, X0.7; Ic, amb, X2.7 (27c¢). Hessotiara Pomer, 1883, p. 97 [*Diadema flores-
Fic. 285,2. H. purbeckensis (ForBEs), Port- cens Acassiz, 1840, p. 17; OD]. Like Hemicidaris,
land., Fr.; amb detail, X4 (27c). Fic. 285,3. but no polyporous amb plates, ambital plates




U384

Hemicidaris

Echinodermata—Echinozoa—FEchinoidea

Fic. 281. Hemicidaridae (p. U381-U382, U384).

trigeminate or bigeminate, and aboral amb plates
with reduced tubercles, every 3rd one larger than
others. Jur.Hettang.-Oxford.), Eu. Fic. 284,
2. *H. florescens (Acassiz), Oxford., Fr.; 2ab,
test, aboral, lat, X1.3; 2e, apical system, X3.3;
2d,e, interamb, amb, X 3.3 (27¢).

Heterodiadema Cotreau, 1864, p. 75 [*Hemicidaris
libyea Desor, 1846, p. 338; SD LameerT &
Turéry, 1910, p. 180]. Test low, hemispherical,
or higher; apical system caducous, produced pos-
teriorly; ambs with trigeminate plates. Spines
small, but with distinct collar. U.Cret.( Cenoman.-
Turon.), S.Eu.-N.Afr.-Tex. Fic. 286,1. *H.
libycum (DEsor), Turon., NLAfr.; Ia-c, test aboral,

lat,, oral, X1; Ide, amb, amb detail, X2, X4;
1f-k, spines, X4 (27a).

Plesiocidaris Pomer, 1883, p. 95 [*Hemicidaris al-
pina L. Acassiz, 1840, p. 52; SD LamBERT &
Tuiéry, 1910, p. 168]. Like Gymnocidaris, but
all aboral amb plates simple primaries, all equally
developed, each with noncrenulate imperforate
tubercle, compounding restricted to subambital re-
gion. L.Jur.-U.Jur.,, Eu.-N.Afr. Fic. 281,1a.
*P. alping (Acassiz), Kimmeridg., Switz.; amb,
%53 (5). Fic. 281,1b. P. durandi (PeroN &
Gautnier), Kimmeridg., Fr.; tests with spines,

%07 (35).




Sphaerotiaris

Fic. 282. Hemicidaridae (p. U382, U386).

Pseudocidaris Etairon, 1859, p. 5 [*Hemicidaris
thurmanni L. Acassiz, 1840, p. 50; SD LaMBERT
& Turféry, 1910, p. 167]. Ambs as in Plesiocidaris,
interambs as in Hemicidaris. Primary spines mas-
sive ovoid - clavate. M. Jur. (Bathon.) - M. Cret.
(Cenoman.), Eu.-C.Asia-India-N.Afr. Fic.
287,1. P. mammosa (AGAsSIZ), U.Jur.(Oxford.),
Fr.: la, test with spines, X1.1; 15, amb, X4;
led, spines, X1.7 (27¢). Fic. 287,2. P.

clunifera (Acassiz), L.Cret.(Neocom.), Fr.i test,
aboral, X1.1 (27a). Fic. 287,3. P. lusitanica
pe Lorior, U.Jur.(Kimmeridg.), Port.; 3a, base
of spine showing collar and cortex on shaft, X7;
36, interamb, X3.3 (124). Fic. 2874. P.
subcrenularis  Gavraier,  U.Jur.(Kimmeridg.),
N.Afr.; terminal crown of spine, X2.7 (27¢).
Fi. 287,5. P. rupellensis (Correau), U.Jur,
(Kimmeridg.), Fr.; primary spine, X 1.1 (27c).




Fic. 283, Hemicidaridae (p. U382).

Sphaerotiaris LameerT & Tuifry, 1914, p. 274
[*Hemicidaris quenstedti MEriaN in Desor, 1858,
p. 56: OD] [=Tiaris Quenstepr, 1873, p. 258
(obj.) (preocc.); Dorytiaris Beurrin, 1937, p, 65
(type, Hemicidaris intermedia FLEmiNg, 1828, p.
178)]. Like Gymmnocidaris, but primary spines
clavate, greatly enlarged. U.Jur., Eu.-N.Afr.
Fic. 282,1a,b. *S. quenstedti (Merian), Oxford.,
Fr.; Ia, terminal crown of primary spine, 1.2
(27a); 15, test with spines, oral, 0.7 (5).
Fic. 282,1¢c. 8. koechlini (CorrEau), N.Afr.; pri-
mary spine, X 0.7 (112).

Echinodermata—Echinozoa—Echinoidea

Family PSEUDODIADEMATIDAE
Pomel, 1883
[Pseudodiadematidae Pomer, 1883, p. 100]

Ambs continuing uniformly throughout,
not abruptly narrowed above ambitus, and
with primary tubercles not abruptly reduced
in size aborally, Test of small to moderate
size, commonly very flattened. Amb plates
compounded in diadematoid manner, in
some species polyporous or with diplopodous
arrangement adapically. Interamb plates
may carry either one large tubercle or sev-
eral large tubercles, in which case they form
vertical series. Apical system usually catlu-
cous. Peristome large, with distinct gill slits.
Primary spines slender, striated, usually
without collar., Tridentate and probably
ophicephalous pedicellariae known in Tro-
chotiara, also spheridia. U.Trias.-U.Cret.
Pseudodiadema Dezsor, 1855, p. 63 [*Cidarites

psendodiadema Lamarck, 1816, p. 59; OD]

[=Stereopyga PomEer, 1883, p. 102 (type, Pseudo-
diadema moorei WricnT, 1857, p. 108; SD Mor-
TENSEN, 1935, p. 432); Aplodiadema pe LorioL,

1902, p. 49 (type, Pseudodiadema langi Desor,

1868, p. 180)]. Pore zones not diplopodous ad-

apically; compound amb plates trigeminate ad-
apically, primary tubercle covering main part of
3 components. No conspicuous naked median
space adapically in interambs. Apical system com-
pact, not caducous. Each interamb plate with one
large primary tubercle. L.Jur.(Hettang.)-L.Cret.

(Apt.), Eu.-N.Afr.-India. Fic. 288,3a,6. P.

moorci WricHT, L.Jur.(Toarc.), Eng.; 3ab, test,

aboral, oral, X1 (172). Fic. 288,3c,d. *P,

pseudodiadema (Lamarck), UJur., Fr.; 3¢, amb,

X2 (27d); 3d, test and spines, oral, X1 (5).
Acrocidaris L. Acassiz, 1840, p. 9, 18 [*A4. nobilis;

OD] [=Aerotiaris QuensTEDT, 1872, p. 279 (fide

MorTenseN, 1935, p. 452, type undetermined)].

Test moderate to large, hemispherical, flattened
below. Apical system not produced posteriorly.

Pore zones not diplopodous adapically, compound

amb plates polyporous adapically. Primary tuber-

cles on upper side of test noncrenulate. Large pri-
mary tubercle on each genital plate. M.Jur.

(Bathon,)-U. Cret, (Cenoman.), Eu.-Crimea-Mex.
Fic. 289,2a,b. *A. nobilis L. Acassiz, U.Jur.

(Kimmeridg.), Switz.; 2a, apical system, X2.7;
2b, test, oral, X1 (27d). Fic. 289.2¢. A. for-

mosa L. Acassiz, U.Jur.(Oxford.), Switz.; test,
aboral, X1 (27d). Fic. 289,2d. A. minor, L.
Acassiz, L.Cret.(Valangin.), Switz.; amb detail,

X2 (27a). )

Diplopodia M’Covy, 1848, p. 412 [*D. pentagona;
0OD] [=?Pseudoplopodia VarLerTE, 1906, p. 24
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Fic. 284. Hemicidaridae (p. U382-U384).

(no type desig.); ?Polyplodia VaLerTe, 1907, p.
61 (no type desig.)]. Test wheel-shaped, of mod-
erate size. Apical system not produced posteriorly.
Pore zones diplopodous adapically. Only one large
tubercle on each interamb plate. U.Trias.(Rhaet.)-
U.Cret.( Cenoman.), Eu,-N,Afr.-Asia, Fic, 290,
2. D. morieri (CorTeAU), M.Jur.(Bathon.), Fr.;
2a-¢, test, lat., aboral, oral, X1; 2d, amb detail,
X 3.3 (27d).

Dumblea Cracin, 1893, p. 149 [*D. symmetrica;
OD]. Like Pedinopsis, but amb plates trigeminate;
minutely crenulate (fide Cooxe, 1955, p. 90). L.
Cret.( Washitan.), USA(Tex.)-Mex. Fic. 286,3.
*D. symmetrica, Tex.; 3a,b, amb, interamb, plates,
X & (22); 3¢, test, oral, X 1.3 (23).

Hypodiadema Desor, 1838, p. 61 [*Hemicidaris
saleniformis Desor, 1853, p. 179; SD LAMBERT &
Tuifry, 1910, p. 171] [=Gymnotiara PoMmEL,
1883, p. 101 (type, Pseudodiadema varusense Cor-
Teau, 1880, p. 231)]. Adapical amb plates not
pronouncedly compound, primary tubercle small,
not covering much more than median component
plate. Apical system compact, not caducous. Each
interamb plate with one large primary tubercle.
L. Jur. (Pliensbach.)-L. Cret. (Valangin.), Eu.-?N,
Am. Fic. 288,1. H. desoriana (CorTeau), U.
Jur.(Kimmeridg.), Fr.; amb, X2.7 (27d).

Loriolia Nrumavr, 1881, p. 105 [*Diadema fou-
cardi CotTeAu, 1851, p. 286; OD] [=Heterotiara
Pomer, 1883, p. 105 (obj.)]. Amb plates trigemin-




Hemitiaris

s

Echinodermata—Echinozoa—Echinoidea

Fic. 285, Hemicidaridae (p. U382-U383).

ate, pore zones widened at peristome, pores in
indistinct arcs of 3. Primary amb tubercles dim-
inishing very gradually in size aborally. Apical
system caducous, produced posteriorly. L.Cret.
(Neocom.), Fr.; 2A4pr., USA(Tex.). Fic. 286,
2. *L. foucardi (Correau), Neocom., Fr.; 2a,
test, lat, ¥ 1.3; 2b.e, amb, interamb, X4 (27a).
Microdiadema Correau, 1863, p. 77 [*Arbacia
richertana CoTTEAU, 1869, p. 397; OD, M]. Test

hemispherical, very small (7 mm. diam.). Amb
plates compound, trigeminate. Interamb plates each
with 3 more prominent tubercles. Apical system
small, dicyclic. L.Jur.(Pliensbach.), Fr.

Pedinopsis CorTeau, 1863, p. 176 [*P. meridanen-
sis; OD]. Test medium-sized to large, subhemi-
spherical or subconical. Ambs with pore pairs
biserial throughout, or at least to below ambitus
where they may be monoserial. Amb tubercles
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U389

Dumblea

Fic. 286, Hemicidaridae (1)}; Pseudodiadematidae (2-3) (p. U384, U387-U388).

small, weakly crenulate, similar to interamb pri-
mary tubercles. Interambs wtih numerous equal-
sized tubercles, forming vertical and horizontal
series. U.Cret.(Cenoman.), Eu.; U.Cret.( Austin.),
USA(Tex.). Fic. 291,2. *P.  meridanensis
CorTEau, Cenoman., Fr.; amb detail, X4 (27a).
Polydiadema Lansert, 1888, p, 14 [*Cidaris mam-
ilanum Roemer, 1836, p. 26 (=Pseudodiadema
davidsoni Wricur, 1857, p. 108; OD] [=Plesio-
diadema Duncan, 1885, p. 31 (non PomeL, 1883)

(obj.); Placodiadema Duncan, 1889, p. 64;
Leptarbacia CLark & TwirrcHeL, 1915, p. 53
(type, L. argutus); Polypedina LaMBERT, 1933, p.
46 (type, P. tounatensis)]. Test of moderate size,
flattened. Ambs polyporous, at least aborally,
some to peristome; pore pairs not in double series,
pore zones more or less undulating. Primary amb
tubercles same size as interamb primaries. Median
area of interambs usually naked adapically. Apical
system large, caducous. L.Jur.(Domer.)-U.Cret.
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Pseudocidaris

Fic. 287. Hemicidaridae (p. U385).

(Cenoman.), Eu.-N.Afr.-USA (Tex.). Fic. 290,
la-c. P. tenue (DEsor), Cenoman,, Fr.; la,b, amb,
interamb, X2.7; Il¢, interamb plate, X5.3 (27a).
Fie. 290,1d-g. *P. davidsoni (WrichT), U.
Jur.(Oxford.), Eng.; Id-f, test, aboral, oral, lat.,
X 1; Ig, test detail, X2.7 (172).

Tetragramma L. Acassiz, 1840, p. 24 [*Cidarites
variolare Browcniart, 1821, pl. M, fig. 9; SD
Lampert & Taifry, 1910, p. 187] [=Hexa-
gramma Pomer, 1883, p. 104 (Ptype); Acanthe-
chinopsis Grecory, 1906, p. 219 (obj.); Ortho-
diadema Lamsert & Taréry, 1908, p. 20 (type,

Psendodiadema subangulatum StoLiczka, 1873, p.
44); Strictotiara LamBeRT & THifry, 1925, p. 564
(type, Tetragramma argonnensis LamperT, 1925,
pl. 2, fig. 14-16; OD]. Like Diplopodia, but with
2 large tubercles on each interamb plate. Diplo-
podous arrangement confined to adapical part.
Primary tubercles conspicuous.  U.Jur.(Kim-
meridg.)-U. Cret. (Cenoman.), S.Eu.-N. Afr.-Asia
Minor-India-N.Am. Fic. 291.Ja-c. *T. vario-
lare (BronoNiarT), U.Cret.(Cenoman.), Fr.; la-c,
test, aboral, oral, lat, X1 (27a). TFic. 291,
id.e. T. raulini (Desor), L.Cret.(Neocom.), Fr.;
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U391

Trochotiara

Fic. 288. Pseudodiadematidae (p. U386-U387, U391).

1d,e, amb, part of interamb, X2 (27a). Fic.
291,1f. T. renevieri (Correau), L.Cret.(Apt.),
Fr.; interamb plates, X2.7 (27a). Fic. 291,
Ig,h. T. malbosi (Acassiz), L.Cret.(Apt.), Fr.
abaral part of amb and interamb, X4 (27a).
Tiaromma Pomer, 1883, p. 105 [*Pseudodiadema
schiiiteri pE Lorior, 1887, p. 22; SD LAMBERT &
Tuifry, 1910, p. 189]. Like Acrocidaris but with
primary tubercles on upper side of test crenulate
and with no large primary tubercle on each geni-
tal plate. Conspicuous sunken naked median
space adapically in interambs. U.Crer.( Cenoman.),
Fr.-Port. Fic. 288,2. *T. schiijteri (pE LorioL),
Fr.; interamb, X2 (27a).

Trochotiara Lanmsert, 1901, p. 236 [*Diadema
priscum L. Acassiz, 1840; OD] [=Trarella PomEL,
1883, p. 104 (type?) (fide LamsErT & THIERY,
1910, p. 181) (mom Tiarella Swainson, 1840, nec
Schuurtze, 1876)]. Test small, flattened, wheel-
shaped. Amb plates compound, trigeminate, some
quadrigeminate at ambitus; pores in straight series,
widened at peristome, Primary amb tubercles of
same size as primary interamb tubercles. Median
interamb space naked, more or less sunken ad-
apically. L. Jur.(Pleinsbach.)-U. Cret.( Cenoman.),
Eu.-N.Afr.-Asia Minor. Frc. 288,4. T. gauthi-
eri Correau, L.Jur.(Pliensbach.), Fr.; interamb,
% 1.3 (species with radiating epistroma) (27d).




U392

Acrocidaris

Echinodermata—Echinozoa—Echinoidea

Fic, 289, Pseudodiadematidae (p. U386, U391).

Fic. 289.Ja-c. *T. prisca (L. Acassiz), U,
Jur.(Oxford.), Switz.; la-c, test, aboral, lat, oral,

x 1.3 (27d). Fic. 289.0d. T. thiriai (Erav-
ron), U.Jur.(Portland.), Fr.; interamb, X2.7
(27d). Fic. 289.le,f. T.? bourgeti (DEsor),

Cret., Fr.: Ie,f, amb, interamb, X 2.7 (species ap-
parently transitional to Psendodiadema) (27d).

Family UNCERTAIN

Allomma Pomer, 1883, p. 105 [*Pseudodiadema
normanniae CorrTeau, 1863; OD]. Like Gymno-
cidaris, but transverse row of tubercles replacing
single large primary tubercle on subambital inter-
amb plates. U.Cret., Eu. Fic. 292,2. *A4. nor-
manmige (Correau), Cenoman., Fr.; 2a-c, test,
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Diplopodia

Fic. 290. Pseudodiadematidae (p. U386-U387, U389-U390).

lat,, aboral, oral, X1.3; 2d, amb, X5.3 (27a);
2e, partially reconstructed apical system (which,
if correct, may indicate some affinity with Acro-
saleniidae), X5.3 (115).

Colpotiara PomEer, 1883, p. 105 [*Heterodiadema
matheyt e Lorior, 1870, p. 83; OD]. Like Astero-
cidaris, but primary tubercles persisting on other-
wise naked upper interamb plates. Enlarged pri-
tubercles irregularly developed on some
amb plates and lacking from some ambital plates,
Test small (ca. 10 mm. horiz. diam.), flattened

mary

above and below. Apical system caducous. U.
Jur., Eu. Fic. 292,1. *C. matheyi (pE LorioL),
Oxford., Switz.; la,b, amb, interamb, X4.7; Ic,
test, oral, X 1.3 (122).

Trochodiadema pe Lorior, 1900, p. 70 [*T. abra-
mense; OD]. Like Gymmnocidaris, but amb plates
trigeminate, and amb tubercles reduced above
ambitus; pore zones straight. Apical system caduc-
ous. Radioles unknown, Test flattened above and
below (less than 20 mm. horiz. diam.). U.Cres.
(Turon.), Eu. Fic. 292,3. *T. abramense,
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Pedinopsis

Fie. 291. Pseudodiadematidae (p. U388-U391).

Port.: 3a-c, test aboral, oral, lat.,, X1.3; 3d,e, amb, DurmAM & MELVILLE, 1957, minus Ps_cudndiadcmalidau
interamb, X 3.3 (125) (herein referred to Hemicidaroida) ]
s 0 ¥

" Lantern stirodont. Apical system lacking
large polygonal suranal plates, not simulat-
Order PHYMOSOMATOIDA ing calyx. Primary tubercles imperforate.
Amb plates simple throughout, or (more
Mortensen, 1904 usually) compounded in diadematoid man-

[nom. transl. DurHAM & MELVILLE, 1957, p. 254 (ex suborder

Lo mina Montesex, 1904, p. 56)] [=Phymosomatoida  FI€Ts trigeminate or polyporous. L.Jur.-Rec.
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U395

Fic. 292. Family Uncertain (p. U392-U393).

Family PHYMOSOMATIDAE Pomel,
1883

[nom. correct. Meissner, 1904, p. 1359 (pro les Phymoso-
micns Pomer, 1883, p. 90)] [=Cyphosominae LaMsERT,
1897, p. 498]

Primary tubercles crenulate, amb tuber-
cles usually as large as interamb tubercles.
Amb plates simple or compound; polypo-
rous and diplopodous in more specialized
genera. Apical system dicyclic or monocy-
clic, commonly prolonged posteriorly into
interamb 5, usually caducous. Exceptionally
(e.g., Acrocidaris) polygonal suranal plates

resembling those of Salenioida occurring in
periproct. Peristome large, with distinct gill
slits. Primary spines with thin cortex and
distinct collar. Pedicellariae (known in
Glyprocidaris) ophicephalous, tridentate, tri-
phyllous, and globiferous. Spheridia placed
beside tube feet, not in pits. L.Jur-Rec.
Phymosoma Hamag, 1853, p. 197 [*Cidaris koenigi
ManTELL, 1822; SD Lameert & Tuifry, 1910, p.
223] [=Cyphosoma L. Acassiz, 1838, p. 4 (non
ManTELL, 1822; SD Lamsert & Tuifry, 1910, p.
90 (?type): Pliocyphosoma Pomer, 1883, p. 90
(?type); Phymatosoma LamBerT & Tmifry, 1910,
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Fic. 293, Phymosomatidae (p. U395-U396, U400).

p. 223 (obj.) (nom. van.); Cosmocyphis POMEL,
1883, p. 91 (type, Cyphosoma salmanni Coqu-
AND)]. Test low, flattened above, medium-sized.
Amb plates compound, polyporous, pore pairs in
double series adapically. Primary tubercles with-
out conspicuous radiating striae, tubercles forming
regular series. U.Jur.(Oxford.)-Eoc., Eu.-N.Afr.-
Madag.-India-N. Am.-S. Am, Fic. 293,2a. P.
major (Coquanp), Cret., Fr.; interamb, X1.3

(27a). Fic. 293,2b. P. regulare (Acassiz), U.
Cret.(Turon.), Switz.; amb, X1.3 (27a). Fic.
293.2¢,d. P. taeniatum vox Hacenow, U.Cret.
(Senon.), Denm.; 2¢,d, test and spine, X1 (147).
Fic. 293,2¢. P. subnudum (CorrEav), U.Cret.
(Senon.), Fr.; spine, X2 (27a). Fic. 293,2f.
P. girumnense (DEsoR), U.Cret.(Senon.), Fr.;
amb, X1.3 (27a). [=Dixieus CooKE, 1948, p.
606.]
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U397

ot

Porosoma

Fic. 294. Phymosomatidae (p, U397-U400, U402).

Acanthechinus Duncan & Svapew, 1882, p. 34 [*A.

nodulosus; OD, M]. Test small, hemispherical,
flattened adorally. Ambs polyporous; pore pairs
in double series adapically, in single series ad-
orally. Primary tubercles in regular double series
in both areas, sharply crenulate, with ridged
flanks. L.Eoc.(Ranikot.), W.Pak. Fic. 294,5.
*A. nodulosus, W.Sind.; 5a, tubercle, profile,
X 10; 5b, test, lat., X0.87; 5¢, amb and interamb
plates, X4.7 (47).

Actinophyma Correav & GauTHier, 1895, p. 96
| *4. spectabile; OD, M]. Like Acanthechinus, but
with secondary and miliary tubercles not sharply
pointed and spiny; impression at admedian end of
horizontal interamb sutures. U.Cret., Asia Minor-
Iran. Fi1c. 295,2. *A. spectabile, Senon, Iran;
2a,b, amb plates (aboral); interamb plates, X 1.3;
2¢,d, test, lat., aboral, X 0.7 (34).

Acolopneustes Duncan & Svapex, 1882, p. 47 [*4.
delorioli; OD, M]. Test large, subconical. Ambs
polyporous, with pores adapically almost horizontal
arcs of 5 or 6, adorally narrowing to form straight
vertical series. Primary tubercles small, in regu-
lar series; secondaries same size as primaries, also
forming vertical series. L.Eoc., W.Pak. Fia.
294,3. *4. delorioli, Ranikot,, W.Sind; 3a, test,
oral, X0.7; 35, amb and interamb plates, X2.7
(47).

Eurypneustes Duncan & Scapbew, 1882, p. 45 [*E.
grandis; OD, M]. Test large, probably subconical.
Ambs as broad as interambs, amb plates poly-
porous; pore zones very wide, pore pairs arranged
in 3 vertical series. Primary tubercles in regular
double series in each area, but secondary interamb
tubercles almost reaching size of primaries and
forming series outside of primary series. L.Eoc.,
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Fic. 295. Phymosomatidae (p- U397, U402).

W.Pak. Fie, 294,4. *E. grandis, Ranikot, W.
Sind; 4a, amb and interamb plates, X2; 44, part
of test, X 0.7 (47).

Gauthieria LanserT, 1888, p. 7 [*Cyphosoma radi-
ata  SorieNET; OD] [=Cosmocyphus PoMEL,
1883, p. 91 (type Cyphosoma saemanni CoQu-
anp) . Test low, flattened. Amb plates polyporous
throughout; pore zones simple, undulating. Pri-
mary tubercles large, in only 2 series in each arca.
Apical system large, monocyclic, pentagonal, ex-
tending into posterior interamb. U.Cret.(Turon.-

Senon.), Eu.-N.Afr-Madag.; Paleoe., N.Am.——
Fic. 296,la-e. *G. radiata (SoriNET), U.Cret.
(Senon.), Fr.; la-c, test aboral, oral, lat,, X1.3;
1d, amb, ¥3.3; Ie, interamb, X3.3 (27a)-
Fic. 296,11.¢. G. speciosa (W. B. CLark), Paleoc.,
USA(N.J.); If.g, test aboral, oral (holotype),
%2 (24).

Glyptocidaris A. AGassiZ, 1853, p. 356 [*G. crenu-
laris; OD] [=Heteractechinus LAMBERT & Turfry,
1910, p. 274 (type, H. heteroporus LAMBERT,
1897, p. 499); Heteractis LAMBERT, 1897 (type,
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Fic. 296. Phymosomatidae (p. /398, U400-U401).

H. heteroporus) (non Heteractis MILNE-EDWARDs
& Hamve, 1853)]. Test low, hemispherical, large.
Amb plates compound, polyporous, pore pairs in
double series only at ambitus, in single series ad-
apically. Apical system with ocular I insert. [The
=pe-species is the only known Recent phymosoma-
ud.] Eoc., Fr.; Plio.,, N.Am.(Ore.)-S.Japan; Rec.,
N_Japan.

Glyptocyphus Pomer, 1883, p. 87 [*Cyphosoma
<lis L, Acassiz; OD, M]. Test small, low,
shaped. Amb plates polyporous, with pri-
: tubercles reduced to single or alternating
series. Apical system with oculars exsert. U.Crer.,

Eu. Fie. 297,1. *G. difficilis  (Acassiz),
Cenoman., Fr.; Ia,b, interamb, amb, X3.3; Ic-e,
test, lat., aboral, oral, X1 (27a). Fre. 297,2.
G. rotatus (Forees), Cenoman., Fr. (2a), Eng.
(2b-¢); 2a, amb, X?{(3); 25, amb plates, X16.7
(136d); 2e, test plates, X7 (173); 2d.e, test, lat,
aboral, X3.3 (173).

Hemithylus Arnaup, 1895, p. 236 [*Thylechinus
rejandryt CoTtTEau, 1894; OD]. Test small, low
hemispherical. Amb plates polyporous, 4 or 5
geminate adorally, trigeminate adapically; pore
zones simple. Primary tubercles large, wtih radiat-
ing striae; plates otherwise covered by close granu-
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Frc. 297. Phymosomatidae (p. U399).

lation. U.Cret., Eu. Fic. 294,1. *H. rejaudryi
(CorTEAU), Senon., Fr; detail of test plates,
x5.3 (26).

Jacquiertia MERCIER, 1936, p. 419 [*]. minuta Mor-
TENSEN & MEeRciEr, 1939, p. 58; OD]. Test small,
depressed. Amb plates simple aborally, trigeminate,
diadematoid, adorally; pore pairs in straight series
throughout. Primary tubercles distinct only at
ambitus. Interamb plates each with primary tuber-
cle, diminishing in size adapically and adorally.
L.jur., N.Fr. Fic. 296,2. ]. minuta MORTEN-
sen & MEercier, Toarc., Calvados; amb detail,
% 14.7 (136c).

Lambertechinus Cossaan, 1899, p. 45 [*Asteropsis
lapparenti CorTEAU, 1883, p. 21; OD] [=Aster-
opsis Correau, 1883, p. 21 (obj.) (preocc.);
Actinopsis LameEerT, 1897, p. 500 (obj.) (preoce.);
Psilosoma Pomer, 1883, p. 91 (preoce.)]. Like
Phymosoma, but with primary tubercles diminish-
ing abruptly in size above ambitus., U.Cret., Eu.
Fic. 293,1. L. arnaudi (CorrEAU), Senon.,
Fr.: la-c, test, aboral, lat., oral, X1.3; 1d,e, inter-
amb, amb, X 3.3 (27a).
Leptechinus GauTnier, 1889, p. 107 [*Cyphosoma
heinzi Peron & GauvrHier, 1884, p. 96; OD]
[=Peronia Duxcan, 1889, p. 82 (obj.); Proto-
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i Pleurodiadema

Fic. 298. Phymosomatidae (p. U400-U403).

zzara Lamsert, 1900, p. 34 (type, Pleurodiadema
sutier! CoTTEAU, 1877)] [non Leptechinus Tomrn-
quist, 1897 (=Tornguistelius Berg, 1899)]. Test
small, low hemispherical. Ambs with simple pri-
maries; pores in regular simple series. No distinct
primary amb tubercles. Interamb primaries form-
= regular series, widely separated from each
other, Apical system with oculars all broadly in-
sert. L. Jur.(Pliensbach.)-L.Cret.(Neocom.), Eu.-
N.Afr. Fic. 298,1. *L. heinzi (PEroN &
GavTrIER), Neocom., Algeria; Ieb, amb, inter-
amb, X4 (35).

Micropsis CotTeEau, 1856, p. 8 [*M. desori; OD]
‘—=Micropsidia Pomer, 1869, p. XLI (Ptype)].
Test medium-sized, subhemispherical. Amb plates
==v be trigeminate near peristome, elsewhere

polyporous; pore zones simple, undulating. Pri-
mary tubercels small, secondaries commonly of
same size, forming vertical and horizontal series.
L.Jur.(Toarc.), Fr.

Narindechinus Laxeert, 1933 [*N. checchiar; OD].
Like Phymosoma, but with up to 10 series of large
interamb tubercles, and 4 series of amb tubercles.

Eoc., Madag. Fic. 296,3. *N. checchiai, M.
Eoc. (Lutet.); 3a,b, test fragments (= enl?)
(113).

Pleurodiadema pEe Loriow, 1870, p. 196 [*P. stutzs;
OD] [=Phalacrechinus Lampert, 1900, p. 37
(type, Pleurodiadema gauthieri Correav, 1883, p.
408)]. Like Leprechinus but with amb plates
simple adapically, trigeminate adorally, primary
tubercles devetoped on oral side not continuing
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Fic. 299, Stomechinidae (p. U403, U406).

above ambitus. Oculars broadly exsert. Jur.
( Bathon.-Oxford.), Eu.-N.Afr. Fic. 298,2. *P.
stutzi, U.Jur.(Argov.), Switz.; 2a.b, amb, inter-
amb, mag. unknown (27d).

Porosoma CorTeau, 1856, p. 648 [*Cyphosoma
cribrum L. Acassiz; SD MorTENsEN, 1935, p. 474]
[=Coptosoma Desor, 1855 (obj.) (non LAPORTE,
1833); Microsoma CoTTEAU, 1886, p. 76 (Ptype);
Euporophyma Gavraier, 1901, p. 31 (type, Copto-
soma lefeburei GAUTHIER, 1901, p. 31; SD BATHER,
1902, p. 76)]. Amb plates compound, polyporous,
pores in single series only. Apical system small,
only ocular T insert, Test of moderate size, low
hemispherical. L. Cret. (Neocom.)-Oligo., Eu.-N.
Afr.-S.Afr.-N.Am. Fic. 295,la-c. *P. cribrum
(Acassiz), Eoc., Fr.; la,b, test, aboral, oral, X1
(27e); Ic, adoral part of amb, X2.7 (27¢).

Fic. 294,2; 295,1d. P. rousseli (Correavu), Eoc.,
Fr.; 294,2, amb plate, X8 (27e); 295.1de, ab-
oral part of amb, X2, amb enl., X2.7 (27e).

Rachiosoma Poner, 1883, p. 91 [*Cyphosoma dela-
marrei DEsHAYEs, 1831; SD LAMBERT & THIERY,
1911, p. 221] [=Miocyphosoma PomEL, 1883, p.
90 (?type)]. Like Gauthieria but with periproctal
plates not polygonal, not of acrosaleniid type.
L.Cret.-U.Cret., Eu-N.Afr.-N.Am. Fic. 298,5.
*R. delamarrei (DESHAYES), U.Cret.(Senon.), Fr.;
amb, X2 (27a).

Thylechinus Ponmer, 1883, p. 91 [*Cyphosoma said
Peron & GauTHIER, 1881, p. 172; SD LaMBERT &
Taiéry, 1911, p. 214] [=Psilosoma PomeL, 1883,
p. 91 (fide LaMBERT & Taréry, 1911, p. 214);
Cenchritechinus Lampert, 1911, p. 11]. Test
hemispherical, of moderate size. Amb plates trige-
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minate. Apical system dicyclic, oculars usually

widely exsert, Female {of type-species) with

sunken aboral marsupia in interambs. U.Crez.-

Oligo., Eu.-N.Afr.-India-Peru. [=?Terine Acassiz,

1838 (nom. nud.}.]

T. (Thylechinus}. Ambs and interambs with single
regular series of primary tubercles in each col-
umn. No large secondary tubercles. U.Crer.
{Senon.)-Oligo., FEu.-N.Afr.-India-Peru. Fic.
298.4. T. aublini (CorrEav), Senon.,, Fr.; amb,
mag. unknown (27a).

T. {Orthocyphus) Arwaup, 1896, p. 234 [*Cypho-
soma pulchellus CotTrav; SD MorTeENseEN, 1935,
p. 476) [=Fsilosoma PomeL, 1883, p. 91]. Pri-
mary tubercles much reduced in size adapically.
U.Crer., Fr. Fic. 298,3. *T. (G.) ptdchellus
{CotTEAu), Senan; 3a, test, lat, X5.3; 3b,
apical system, X16.7; 3c,d, amb, interamb, X10
(27a).

T. (Mistechinus) pe Lorior, 1897, p. & [*M.
mayert; OD, M) [=Fgyprechinus LAMBERT,
1936, p. 41 (wype, E. cuwilliers; QD)]. Primary
amb tubercles reduced adapically and adorally.
Eoc., Egypt.

T. (Orthechinus) Gauvrtnier, 1889, p. 105 [*O.
tunetanus; OD]. Secondary tubercles well de-
veloped, forming vertical series beside primary

series.  Apical system with some oculars insert.
U. Cret. { Seson.j-Eoc., Eu.-N, Afr.-Asia Minor-
Iran-N.Am.

Family STOMECHINIDAE Pomel, 1883

[mem. correct. DuRHAM & MEeLviLLe, 1957, p. 254 (pro les
Stomechiens Pomer, 1883, p. 81)] | =Stomopreustidae Mor-
TENSEN, 1903, p. 133)

Primary tubercles noncrenulate. Amb tu-
bercles usually as large as interamb tuber-
cles. Ambs compounded in diadematoid
manner, {rigeminate or polyporous (in
Echingtiara some adapical plates remain
simple); diplopodous ambs may occur adap-
ically or throughout. Apical system dicyclic
or monacyclic, usually small, seldom extend-
ing backward. Peristome large, with usually
distinct gill stits. Primary spines without
cortex or collar. Pedicellariae (known in
Stomopnensies) of ophicephalous, triden-
tate, triphyllous and globiferous types.
Spheridia placed beside tube feet, not in pits.
L Jur-Rec.

Stomechinus Dresor, 1836, p. 124 [*Echinus bi-
grangleris lamarck, 1816; SD Lamsert, 1901,
p. 237] [=Sporotaxis PomEer, 1883, p. 84 {(nom.
nud., based on erroneous figure); Cretacechinus
LameerT & TmHifry, 1911, p. 253 (type, Stome-
chinus camarensis pE LorioL, 1887, p. 65)]. Test
hemispherical or depressed, medium-sized to
large (80 mm. diam.). Amb plates trigeminate,
pores arranged in arcs of 3; primary tubercle on

- latus
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every 2nd amb plate, pore zones broad, widened

adorally. L. Jur.{ Domer_}-L. Cret.{ Neocom.), Eu.-

SW. USSR (Turkmenia}-N, Afr.-NE. Afr. Fic.

299,32, S. choffati pE Lorior, Bajoc., Port.; amb

plates, ca. %3.3 (123). Fie, 299,3b,c. S. per-

{(Drsmarrst), UlJur.(Oxford.), Fr; 3b.c,
amb aboral, adoral, % 1.3 (27d).

Circopeltis PomEer, 1883, p. BY [*Leiosoma meri-
danensts Correau, 1867, p. 765; SD LaMBERT &
TrHifry, 1914, p. 254) [=Strictechinus CoTTEAU,
1893, p. 169 {type, S. pouechi); Micropsna Cor-
TEAU, 1893, p. 630 (type, M. baudoni); Circo-
peltaris VaLerTE, 1907, p. 109 (type, C. bai-
cheri)]. Test of medium size, low hemispherical.
Ambs polyporous, pore pairs in singlec undulating
line, Primary tubercles large, in 2 repular series
in each area. Secondary tubercles may form ver-
tical series along sides of primarics. U.Cret.-Eoc.,
Eu, Fio, 304,2, *C, meridanensis (CorTrAU),
U.Cret.{Turon.), Fr.; amb, X7 (27a).

Codechinus Desor, 1836, p. 111 [*Echinus ro-
tundus Gras, 1848; OD, M]. Test subglobular,
of moderate size. Amb plates tigeminate, pore
pairs in obligue arcs of 3, with tendcncy to form
3 vertical series. Tubercles of both areas small,
imperforate, noncrenulate, not forming reguiar
series; larger and more numcrous adorally. L.
Cret.(Apt.), Eu-N.Afr. Fie. 2992, *C. ro-
tundus (Gras), Fr.; 2a, apical system, X3.3; 26,c,
details of amb, »5.3; 24, interamb plates, X5.3
(2a-d, 27a); 2e, amb plates, X 10 (I136¢c).

Diplechinus Lamserr, 1931, p. 15 [*D. hebbrien-
sis; OD, M]. Test moderate in size, subhemispheri-
cal. Ambs with pore pairs in simple line at ambits,
in double serics adapically and in ares of 3 at
peristome. Primary amb tubercles not regular en
all plates. Adorally, secondary tubercles form
lengitudinal series along with primary series, L.
Jur., N.Afr. Fic. 3004, *D. hebbriensis,
Domer., Morocco; 4a,®, adapical and ambital amb
plates, X ? (136b}.

Diplotagma ScuriTer, 1870, p. 63 [*D. altum;
0D, M]. Test very high, of medium size, Pore
zones diplepodous throughout. Primary tubercles
very small, in 2 regular series in both arcas. Sec-
ondary tubercles numercus, but not in series.
{/.Cret., Fu, Fro. 301,2. *D. alteesm, Senon.,
Ger.; 2a, amb detail, X2; 25-d, test, lat., aboral,
oral, X1 (151).

Echinotiara Pomer, 1883, p, 83 [*Echinodiadema
brani CoTTEAU, 1885; OD, M| [=Echirodiadema
Corrrau, 1869, p. 141 (obj.) {ron VERRILL,
1867)]. Test subhemispherical, small to modcrate-
sized. Ambs adorally of trigeminate plates, pore
pairs in arcs; adapically plates simple primaries or
incipiently compound pore pairs forming approxi-

mately straight line. M.Jur.(Bathon.)-U.Cret.
{ Maastricht.), Eu.-N.Afr..NE.Afr. TG, 300,2;
302,2a,6. *E. bruni {(CotTeEau), Bathon, Fr;

300,1, amb, xB8; 302,2a, interamb, X5.3 (27d}.
Fic. 302,26. E. neocomiensis (pE LorioL),
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Fic. 300. Stomechinidae (p. U403-U404, U406-U407).

Neacom., Port.; amb, X3.3 (123). Fic. 302,
2¢. E. somaliensis Currig, Jur., Somaliland; amb
plates, ca. X8 (151).

Gomphechinus Pomer, 1883, p. 90 [*Leiosoma
selim Peron & Gaurmier; OD]. Test flattened,
wheel-shaped, of medium size. Ambs polyporous,
diplopodous, Primary tubercles in regular series;
secondary tubercles as large as primaries, forming
vertical series. Apical system large, pentagonal,
caducous, scarcely smaller than peristome, U.Cret.,
N.Afr.-Madag. Fic. 303,1. *G. selim (Perow
& GaurHIER), Senon., Alg.: la-c, test, aboral,
oral, lat, % 1.2; Id, amb, X1.7 (35).

Jeannetia MErcier, 1936, p. 421 [*]. mortensents
OD, M]. Test small, hemispherical. Amb plates
compound trigeminate adorally, simple primaries

adapically; pore pairs in single series. Interamb
primary tubercles in regular series. Aboral side
almost wholly naked, especially in median areas
of ambs and interambs. L.Jur.-M.Jur.(Bajoc.-
Callov.), Fr.-USA(Wyo.). Fre. 302,1. *].
mortenseni, Hettang.; la,b, amb, interamb, x?
(136c). [=Parastomechinus PriLe, 1963, p. 1111
(type, P. brightoni; OD).]

Noetlingaster Vrepensure, 1911, p. 46 [ *Pro-
techinus paucituberculatus NorrLiNg, 1897, p. 14;
OD] [=Protechinus NOETLING, 1897, p. 14
(preocc.) (obj.); Noetlingia Lanmsert, 1898, p.
126 (preocc.) (obj.)] [mon Noetlingia HaLL &
CrLARK, 1894, nec BeurLEN, 1928]. Test medium-
sized to very large, hemispherical or subconical.
Amb plates trigeminate. Pore pairs characteristic,
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Fic. 301, Stomechinidae (p. U403, U408).

2 large pairs close to edge of area, one small pair
farther inward occupying small separate plate.
U.Cret.(Maastricht.), N.Afr.-Madag.-Pak. Fic.
302.3. N. sanfilippoi CutccHia-Rispors, Tripoli-
tania; 3a, test, lat., % 0.8 (19); 3/, amb, adapical
part, X4.7 (136¢).

Phymechinus Desor, 1856, p. 133 [*Echinus mira-
bilis L. Acassiz; OD] [=Alternechinus SCHLUTER,
1870, p. 62 (type, A. cretacens)]. Test large, sub-
hemispherical. Ambs polyporous, pore pairs in
double series throughout. Primary tubercles large,
in 2 regular series in cach area; secondaries scarcely
reaching size of primaries. Apical system small

(0.2 horiz. diam.). Peristome very large (0.5
horiz. diam.). M.Jur.(Bajoc.)-U.Cret., Eu. FiG.
303,2. *P. mirabilis (Acassiz), U.Jur.(Oxford.),
Fr.; 2a, detail of amb, %5.3; 2b-d, test, aboral,
oral, lat., % 1.2 (27d).

Phymotaxis Lameert & Taiéry, 1914, p. 253
[#Leiosoma tournoweri Correau, 1867, p. 768;
0OD] [=Micropeltis Pomer, 1883, p. 89 (obj.)
non REDTENBACHER, 18G7; nec Kraatz, 1880)].
Test low hemispherical, medium-sized. Ambs
polyporous, pore pairs in double series adorally,
in single undulating line adapically. Primary
tubercles in 2 regular series in each area. U.Crer.-
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Noetlingaster

Fic. 302, Stomechinidae (p. U403-U405).

Eoe., Eu. Fic. 304,1. *P. tournoueri (Cor-
TeAU), U.Cret.(Senon.), Fr.; la-c, test, aboral,
oral, lat,, X1.2 (27a).

Polycyphus L. Acassiz & Desor, 1846, p. 361 [*P.
normannus: OD, M] [=Sporadocyphus PoMmEL.
1883, p. 81 (Ptype)]. Test small, hemispherical.
Amb plates trigeminate, pores in arcs of 3. Pri-
mary tubercles small, indistinguishable from nu-
merous secondaries. Tubercles abruptly larger ad-
orally, M. Jur.-U. Jur.,, Eu.-C. Asia(Tibet)-Madag.

Fie. 299,1. *P. normannus, Bathon., Fr.

la-c, test, aboral, oral, lat, ¥ 1.3; Id.e, amb, in-

teramb, 3.3 (27d).

Psephechinus Pomer, 1883, p. 81 [*Stomechinus
michelini Correau, 1884; OD] [=Tiarotropus
Pomzr, 1883, p. 82 (Ptype)]. Like Polyeyphus
but of moderate size, with distinguishable primary
tubercles; tubercles not abruptly larger adorally.
L.Jur.-L.Cret., Eu.-N.Afr., S.Am.-FN.Am. FiG.
300,5a. ?P. hyarti (W. B, CLarx), Jur, ?N.Am.;
amb plates, X? (136b). Fic. 300,56-g. P.
morierei (Correau), M.Jur.(Bathon.), Fr 5b,e,
amb plates, X 8; 5d-f, test, aboral, oral, lat, X1.2;
5g, test plates, detail, X7 (27d).

Psecudarbacia Lavsert, 1897, p. 515 [*Leiosoma
archiaci Correau, 1866; OD, M]. Test of mod-
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Fic. 303. Stomechinidae (p. U404-U405).

erate size, low hemispherical. Ambs trigeminate,
pore pairs in single undulating line, not distinctly
in arcs of 3. U.Cret., Eu. Fic. 300,2. *P. archi-
aci (Corteau), Turon,, Fr.; 2a,b, amb, interamb,
X 3.3 (27a).
Stomopneustes L. Acassiz, 1841, p. 7 [*Echinus
variolaris Lamarck, 1816, p. 47; OD, M]. Test
large, hemispherical. Amb plates compound, each
consisting of 4-6 trigeminate plates covered by
very large primary tubercle. Pore zones broad,
somewhat petaloid adorally. Primary tubercles
forming regular series. Conspicuous undulating
median furrow in each interamb. [The type-species
is the only known Recent stomechinid.] Mio.,
Java; Rec., tropical W.IndoPacific.
Thierychinus Lamsert, 1910, p. 5 [*T. delaunayi;
0D, M]. Test of moderate size, high, subconical.

Amb plates trigeminate, pore pairs arranged in
double series. Tubercles numerous, imperforate,
noncrenulate; secondary tubercles reaching same
size as primaries, forming regular horizontal series
on each plate in both areas. Jur.(Vesul.), Fr.
Fic. 300,3. *T. delaunayi, St. Gaultier; 3a,b, test,
lat., oral, X}0.93; 3¢, amb plates, X5.3 (115).
Tiarechinopsis LamserT, 1936, p. 15 [*T. besairiei:
OD, M]. Test small, subconical, Hattened below.
Amb plates compound, trigeminate; pore zones
simple adorally, adapically “pscudotrigeminate.”
Tubercles well developed adorally, 2 series in
ambs, 4 in interambs. Primary tubercles scarcely
distinguishable among small granules adapically.
M.Jur.( Bajoc.), Madag.

Triadechinus Arnorp & H. L. Crarg, 1927, p. 20
[*T. multiporus; OD]. Test large, hemispherical.
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Circopeltis

Frc. 304. Stomechinidae (p. U403, U405-U406, U408).

Pore pairs crowded, in 3 vertical series. Primary
tubercles large, mot in regular double series in
ambs adapically: tubercles regularly alternating in
interambs but wide apart, plates being very high.
Interamb mid-line conspicuous depressed groove.
?Cret., Jamaica.
Trochalosoma Lamsert, 1897, p. 515 [*Leiosoma
rugosum Correau, 1860, p. 271; OD] [=Leio-
soma CoTTEAU, 1860, p. 271 (obj.) (nom STEPH-
gns, 1831, nec CHEVROLAT, 1837): Plesiopeltis
LaMmsErT, 1897, p. 517 (type, Circopeltis gourdoni
CorTeaU, 1889)]. Test flattened, wheel-shaped, of
medium size. Ambs trigeminate orally, polyporous
from ambitus, pore pairs in double series, ad-
apically. Apical system large, caducous. U.Cret.,
Fr.-Jamaica.
T. (Trochalosoma). Secondary tubercles not as
large as primaries, not forming horizontal and
vertical series. U.Cret.-Senon., Fr. Fic. 304.3.
*T, (T.) rugosum (CoTTEAU); 3a-c, test lat.,
aboral, oral, % 1.3; 34, amb, X4 (27a).
T. (Plistophyma) Peron & GauTHIER, 1881, p.
176 [*P. africanum; OD]. Secondary tubercles
as large as primaries forming horizontal and

vertical series. U.Cret.(Senon.), Eu.-N.Afr.-Iran.
Fio. 301,la. T. (P.) vidali (CoTTEAU),
Spain(Catalonia); test, lat., X1.2 (26). Fic.
301,15, *T. (P.) africanum (PERON & GAUTHIER),
Alg.; interamb, mag. unknown (35).

Family UNCERTAIN

Boletechinus CookEe, 1955, p. 93 [*B. macglam-
eryae; OD] [=Boletechinus CoOKE, 1953, p. 4
(nom. nnd.)]. Like Orthocyphus, but with de-
pressed sutures, and oculars I and V broadly in-
sert, U.Cret.(Maastricht.) USA(Ala.).

Order ARBACIOIDA Gregory,
1900

[nom. transl. DURHAM & MELVILLE, 1957, p. 255 (ex
Arbacina Grecory, 1900, p. 307) ]

Lantern stirodont. Ambs invariably in-
cluding some compounded plates of arbaci-
oid type; simple plates, if present, restricted
to adapical or adoral extremities. Primary
tubercles imperforate, noncrenulate, usually
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Fic. 305. Arbaciidae (p. U409-U410, U412).

rather inconspicuous, those of interamb be-
ing larger. Epistroma commonly present,
simulating tubercles, but not carrying spines.
Primordial interamb plates persisting, com-
monly prolonged on distal margin, where
unpaired tubercle may occur. Apical system
usually dicyclie, periproct covered by 4 or 5
conspicuous triangular anal valves, simulat-
ing anal pyramid. Primary spines with
more or less development of cortex, usually
smooth; secondary spines poorly developed
or lacking. Pedicellariae triphyllous, triden-
tate, and ophicephalous. Spheridia typical-
ly placed in deep pits along amb mid-line.
M. Jur. (Bathon.)-Rec.

Family ARBACIIDAE Gray, 1855

[nom. correct. Grecory, 1900, p. 307 (pro Arkariadae Gray,
1855, p. 36)] [=Echinocidaridae TroscusL, 1872, p. 293]

Characters of order. Test small to moder-
ate-sized; exceptionally (e.g., Arbacia, Tetra-
pygus) reaching 50-75 mm. horiz. diam.,
usually subconical, flattened below, some
spherical, plates soldered together by ball-
and-socket processes between them. M.Jur.-
Rec.

Arbacia Gray, 1835 (July), p. 58 [*Cidaris pustul-
osa LeskE, 1778, p. 150 (=Echinus lixula LInnE,
1758, p. 664; OD)] [=Echinocidaris DESMOULINS,
1835 (Aug.), p. 200 (obj.);: Agarites L. Acassiz,
1841, p. 7 (type, Echinus punctulatus LAMARCK,
1816, p. 363); Anapesus Hormes, 1860 (type, 4.
carolinus, —Echinus punctulatus); Pygomma
TroscHEL, 1872, p. 309 (tvpe, Echinus spatuliger
VarerTe]. Test low hemispherical or subconical,
flattened adorally, of medium size. Ambs with
trigeminate plates, pore zones straight, narrow
above ambitus, conspicuously widened adorally.
Primary amb tubercles in regular series. Interambs
with numerous primary tubercles in horizontal and
vertical series. No- secondary tubercles. Adapically
interambs have conspicuous naked spaces. 7U.
Mio., Plio., USA(S.Car.); Pleist., USA(S.Car.)-
Italy; Rec., E.XN.Am.-W.N.Am.-Falkland Is.-Eu.-
W.Afr.-Medit. (probable origin on W.Am. coasts,
with Plio. and post-Plio. extension across Atlantic).
Fic. 305,2. A. waccamaw Cookeg, U.Mio.,
USA(S.Car.); 2a-c, test, lat., aboral, oral, X1
(24).

Acropeltis L. Acassiz, 1840, p. 11, 19 [*4. aequi-
tuberculata; OD]. Test small, hemispherical, flat-
tened below. Amb plates compound, trigeminate,
pore zones straight. Primary amb tubercles well
developed, continuing to apical system. Interamb
tubercles also well developed, in single regular
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series. Apical system characteristic, with single
large tubercle on cach genital plate. U.Jur., Eu.-N.
Afr. Fic. 306,2. *A. aequituberculata, Oxford.,
Fr.; 2a,b, amb, interamb, % 5.3 (27d).

Acrosaster Lamaert, 1910, p. 30 [*A4. michaleti;
OD, M]. Test small, hemispherical. Ambs with
simple primary plates adapically, compound tri-
geminate plates adorally. Amb plates each with
granule or tubercle adapically, and with larger
primary tubercle adorally. Interambs with large
primary tubercles adorally, tubercles small  ad-

apically, wtih deep areole. [Apical system sex-
uvally dimorphic.] M.Jur.( Bathon.), Fr.

Arbaciella MorTENsEN, 1910, p. 327 [*4. elegans;
0D, M]. Like Aréacia, but small forms, with pore
zones but slightly widened adorally. Tubercles
confined to adoral side. Rec., W.Afr.

Arbia Cooke, 1948, p. 606 [*Coelopleurus aldriehi
W. B. Crark, 1915, p. 158; OD]. Like Arbacia,
but having simple amb plates adapically, and
spheridial pits. U.Oligo., USA(Ala.); L.Mio., USA
(Miss.) - Fic. 305,3. *4. aldrichi (W. B.
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Crark), U.Oligo., USA(Ala.), test, lat. (syntype),
X1 (24).

Atopechinus Trifry, 1928, p. 100 [*A4. cellensis;
OD, M]. Test small, subhemispherical. Amb plates
compound trigeminate adorally, simple primaries
adapically; pore zones simple, straight, undulating
adorally. Amb plates with large primary tubercles
adorally, which are reduced to small granules
adapically. Interamb primary tubercles large
throughout. M.Jur.( Bathon.), Eu. Fic. 306,1.
*A. cellensis, Fr.; amb, adapical, X8 (136b).
Baueria NoetLiNG, 1885, p. 184 [*B. geometrica;
OD]. Test small to moderate-sized, low hemi-
spherical, rounded. Amb plates compound, tri-

geminate. Primary tubercles in both areas and
abruptly at ambitus, Adapical side with striae,
granules of which are partly developed into spinc-
like knobs. Apical system also decorated with
granular striae. Eoc., Ger.-Fr.

Codiopsis L. Acassiz, 1840, p. 13, 19 [*Echinus
doma DesmaresT, 1825; SD LamBerT & THIfRY,
1914, p. 263] [=Psendocodiopsis VaLeTTE, 1906,
p. 19 (type, Codiopsis alpina Gras); Hemicodiop-
sis Pomer, 1883, p. 82 (’type): Piliscus PoMmEL,
1883, p. 82 (?type)]. Test hemispherical or al-
most spherical, flattened below, of moderate size.
Ambs with compound trigeminate plates. Amb and
interamb tubercles confined to adoral side. Small
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statked granules present adapically and adorally.
U.Jur.-Eoce., Eu.-N, Afr.-Asia Minor-N. Am,-Carib.
Fic. 308,Ja. C. regalis ArNavp, U.Cret
(Sencn.}, Fr; interamb. X 1.7 {26). Fia. 308,
Ih-g. *C. doma (DESMAREST), U.Cret.(Cenoman. ),
Fr.; 1be, amb, interamb, X2; 1d, apical system,
%33; le-g, test, abural, lat. oral, X 1.1 (27a).
Coclopleurns L. Acassiz, 1840, p. 12,19 [*C. equus
{(=*Cidarts  coronalis LrskE, 1778); OD]
[=Keraiophorus MicHeLn, 1862, p. 2 {ftype):
Spileceia Heprrt & MunirR-CHALMAS, 1878, p.
1313 (mom. nud.); Phrissoplenrus Pomer, 1883,
p. 88 (ftype): Delbosia Pomrr, 1883, p. &8
(Ftype): Sykesia Ponter, 1883, p. 88 (wpe, G
pratti D'ArcHIAC & HamE); Murravechings TaTe,
1894, p. 191 { pam. nud.j; Coeloclypeus WALTHER,
1893, p. 321 (nom. nud., Plapsus calamz}]. Test
low hemispherical flattencd below, rounded or sub-
pentagenal in outline (up 1w 50 mm. horiz.
diam.). Amb plates compound, trigeminate, with
primary tubercles in regular series  throughout.
Interambs with primary tubereles adorally, becom-
ing reduced or lacking adapically. Ambs usually
raised above level of interambs. Interambs ad-
apically with naked median space. Eoc.-Ree.,
cosmop.; Rec., species mainly deep-water. Fia.
305,1. *C. coronalis (LEske), Eoc.(Lutet), Frg
la-c, test, aboral, lat., oral, X1.2 (34); Id, in-
teramb and apical system, X 3.3 (27e). [ =Koetrai-
aphorns CotTtEay, 1863, p. 377 (nom. nudl. )]
Cottaldia Diesor, 1856, p. 113 [*Echinus benetiiae
Kénie, 1820, p. 2; OD, M| [=Coiteaudia Lam-
BERT & THIERY, 1910, p. 229 (obj.} {nom. van.)].
Test small to moderate-sized, almost spherical.
Ambs compound, trigeminate, but with pores in
single straight series. Tubercles numercus, small,
uniform, arranged in transverse series. U.Cres
{ Cenoman. ), Eu.-N.Afr.-? W.Afr. Fra. 307,2.
*C. benettize (Kbxig)., Fr.p 2a, apical system,
%3.3; 26-d, test, aboral, lat, oral, X1.Z; 2ed,
interamb, amb, X33 {(27a). [=Heterocosmus
PomeL, 1883, p. 83.]
Dialithocidaris A. Acassiz, 1898, p. 73 [*D, gemmi-
jeras OD, M]. Test small, subcopical, flattened
adorally. Amb plates trigeminate, pore Zzones
widened adorally. Primary twbercles adorally, con-
tinuing halfway to the apical system. Numerous
papillae adapically, arranged in horizental series
in interambs. ‘Test not sculptured. Apical system
large, with 4 anal valves. Rec., Panama {3,200
m.).
Glypticus L. Acassiz, 1840, p. 13, 19 [*Echinus
hieraglyphicns Goupruss, 18265 OD] [=Hole-
glyprus PomeL, 1883, p. 88 {preocc.); Panglyptus
LaMBERT & Timéry, 1914, p. 262 (type, Glypricus
Eaufmanni Correau)]. Test low, hemispherical
ilattened adorally, of moderate size. Amb plates
compound, trigeminate, with pores in straight
serics adapically, in arcs adorally. Amb and inter-
amh primary tbercles well developed adorally,
sinaller adapically, where they are barely dis-
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tinguishable in coarse epistroma. Jur.( Callog.-

Tithon.), Eu,-N.Afr.-AsiaMinor. Fie. 309,]a-4.

*(;. hicroglyphicus (Gotpruss), U Jur. (Oxford.),

Fr.: lab, test, aboral, lat, x1.2; fcd, amb, in-

teramb, X2.3 (27d). Fic. 309.Je. G. integer

Drsor, UJur.(Kimmeridg.), Fr amb, X2.3

(27d}. Fie. 309.1f. G. sulcarus (Gorpruss),

U Jur.(Kiruneridg.), Fr; amb, X2.3 (27d}.

Fie. 309,7g. G. kaufmanni Correau, Jur.(Ox-

ford.), Fr.; amb, X 2.3 (27d).

Goniopygus L. Acassiz, 1838, p. 19 [*C. peltatus;
OD] [=Cyphapygus Poneer, 1883, p. 89 (Fuype);
Polygoniopygus Varerte, 1906, p. 11 {type,
Goniopygus pillati Correar; OD}] Test small w
medium-sized, hemnispherical, flattened below. Amb
plates compound, trigeminate, ot quadrigeminate
at ambitus; pore zones simple, widened at peri-
stome. Primary tubercles of both areas large, n
regular series throughout. Apical system large,
genital plates elongate. [ Polygoniopyges was pro-
posed as a subgenus intended to include polyporous
species of Gomiopygus, but a trigeminate form was
selected as the type by Vaiztre {1906). Tetra-
gowiopygus FeLL & Pawson now embraces the
polyporeus species.] U.jur.-Eoc., Eu.-Asia-N.Afr.-
N.Am.-S.Am,

G. (Goniopygus). Amb plates trigeminate. U.Jur.

{ Portiand.)-Eoc., Fu.-Asia-N, Afr.-N.Am,-5.Am.

Fte, 306,32, G. {G.) major L, Acassiz, U.

Cret,(Cenoman.), Fr.; amb, ca. X3.3 (27a).
Fic. 306,3bc. G. (G.) noguesi Correau, L.Cret.
{Neocom.), Spain; interamb, spine, ca. x3.3
{(27a). Fig. 306,3d. G. (G.) arnaudi Cot-
teau, U.Crer.(Turon.), 8W.Fr; amb, ca. ¥3.3
(32).

G. (Tetragoniopygus) Frip & Pawsox, 1965, herein
[*Goniopygus supremus Hawrins, 1924, p. 313;
OD]. Amb plates partly guadrigeminate. Cret.-
Pafeoc., Eu.-N. Am.-Carib. Fio. 3064, G
{P.) minor SoriGNET, Paleoc.{Mont.), Fr.; amb,
ea. X3.3 (27a).

Habrocidaris A, Acassiz & H, L. Crarg, 1506, p.
234 [*Podoctdaris scutate A. Acassiz, 1880, p.
72; QD]. Test smali, low hemispherical, flattened
adorally, Proximal 4 or 3 amb plates simple, re-
mainder trigeminate, Tubercles confined to adoral
surface and ambitus; only small papillac adapically.
Apical system large, with 3 anal valves. Rec.,
Hawaii-Carib.

Heteropodia DE LorioL in WHITE, 1887, p. 254
[*H. whitei; OD, M]. Test small, very low, flat
adorally, slightly convex adapically. Tore zones
simple, straight, pores large, widely separated ad-
apically, becoming smaller and close together ad-
orally, disappearing altogether near peristome. Pri-
mary amb and interamb tubercles developed only
at ambitus, Cret., Brazil,

Magnosia MicueLiy, 1858, p. 34 [*Echinus nodulo-
sus GoLpruss, 1826, QD] [==Tuberculina Esray,
1858, p. 52 (ebj.)]. Test small to moderate-sized,
hemispherical, with oral side flattened,  Amb
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plates compound, trigeminate, pores in straight
line adapically, forming arcs of 3 near peristome.
Interamb tubercles in vertical and horizontal
series, primary tubercles indistinguishable. M.Jur.
(Bathon.) - U. Cret. (Cenoman.), Eu.-N, Afr.-Asia
Minor,

M. (Magnosia). Amb tubercles forming at least
double series. Apical system dicyclic. M.Jur.
(Bathon.)-U. Cret. ( Cenoman.), Eu.-N. Afr.-Asia
Minor. Fic. 307,1a-d. *M. (M.) nodulosa
(Govrpruss), U.Jur.(Oxford.), Fr.; la-c, test,
aboral, lat., oral, X1.1; Id, interamb, X3.3
(27d). Fic. 307,1ef. M. (M.) peroni Cot-
TEAU, M.Jur.(Bathon.), Fr.; Ie, interamb, adoral,
with primordial plate, %3.3 (91); 1f, apical sys-
tem, X3.3 (27d). Fic. 307.1g. M. (M.)
pilos (L. Acassiz), L.Cret.( Valangin.), Fr.; amb,
X2 (27a).

M. (Eucosmus) L.Acassiz, 1846, p. 356 [*E.
decoratus; OD)| [=Eucosmechinus LavmBERT &
Tmifry, 1914, p. 270 (obj.) (nom. van.) (to
replace Encosmus, supposedly preoce. by Eucosma
Huex~er, 1826)]. Amb tubercles reduced to single
median series, Apical system of some monocyclic.
U.Jur.-L.Cret., Eu.-N.Afr. Fic. 308,2. M.

(E.) meslei (Gauvrnier), L.Cret.(Neocom.), Al-
geria; Za, amb, X2.3; 25, apical system, X3.3
(35).

Pleiocyphus Pomer, 1883, p. 82 [*Glypticus regu-
laris ETarron, 1862; OD, M]. Like Glypticus but
with adapical surface of test provided with true
tubercles in regular transverse series. Epistroma
lacking. M.Jur., Eu.-AsiaMinor. Fic. 309,2. P.
burgundiacus (MicaeLin), Callov., Fr.; 2a-c, test,
aboral, oral, lat., X 1.2 (27d).

Podocidaris A. Acassiz, 1869, p. 258 [*P. sculpta;
OD]. Test very small, low hemispherical, flat-
tened below. Amb plates trigeminate, pore zones
simple. Tubercles confined to adoral side. Nu-
merous slender papillac adapically, arranged in
longitudinal series, connected by vertical and hori-
zontal elevated ridges, giving sculptured appear-
ance [250-800 m.]. Rec., Malaya-Hawaii-Carib.

Pygmaeocidaris DoperceiN, 1905, p. 621 [*Podo-
cidaris prionigera A. Acassiz, 1879, p. 199; OD,
M]. Like Dialithocidaris, but with no tubercles
adapically, only papillae. Pore zones scarcely
widened adorally. Only 4 anal valves. [600-3,000
m.] Rec., Ind.O.

Tetrapygus L. Acassiz, 1841, p. 7 [*Echinus niger
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Morina, 1782, p. 175; OD, M] [=Echinocidaris
Duxcan, 1889, p. 94 (non Desmoutins, 1835)].
Test low, hemispherical, flattened below. Ambs
polyporous, pore zones widened toward peristome.
Primary interamb tubercles in regular vertical and
horizontal series; secondary tubercles present.
[Littoral.] Rec. Peru-Chile.

Order TEMNOPLEUROIDA
Mortensen, 1942

[mam. transl. DURHAM & MELVILLE, 1957, p. 255 {(ex sub-
order Temnopleurina MorTExnsEN, 1942, p. 225)]

Lantern camarodont (unknown in Gly-
phocyphidae). Test usually sculptured with
ridges (epistroma) or sutural depressions or
both, at least in immature stages; if test not
sculptured, then gill slits very deep and con-
spicuous. Radioles solid. L.[ur.-Rec.

Family GLYPHOCYPHIDAE Duncan,
1889

[nom. transl, et emend. MORTENSEN, 1942, p. 225 (ex
Glyphocyphinae Duncax, 1889, p. 96)]

Tubercles perforate, crenulate. Test sculp-
tured. Ambs compounded in diadematoid
manner, trigeminate or polyporous. L.[ur.-
Eoc.

Glyphocyphus HamvE, 1853, p. 202 [*Echinus
radiatus Hoenincuaus, 1826; SD LAMBERT &

Trifry, 1911, p. 193], Small, hemispherical. Amb

plates trigeminate, in 2 regular series, with pri-
mary tubercles also forming 2 regular series.

Interambs each with 2 regular series of primary

tubercles, Depressions in horizontal sutures in

both ambs and interambs. U.Cret.(Cenoman.),

Eu.-N.Afr.; Eoc., Eu,

G. (Glyphocyphus). Apical system monocyclic,

elongate.  U. Cret. (Cenoman.), W. Eu.-N. Afr,



Radiocyphus

Fic. 310. Glyphocyphidae (p. U414-U415, U417-U418).

(Alg.) - Fic. 310,1. *G. (G.) radiatus (Hoen-
iNGHAUS), Fr.; la-c, test, aboral, lat, oral, X1
(27a); Id,e, test plates, apical system, X8 (27a);
If, amb, X10 (112); Ig, interamb, X3.3 (27a).
G. (Rhabdopleurus) Correau, 1893, p. 594
[*Glyphocyphus ataxensis CorrEau, 1886, p. 725;
OD] [=Cryptocyphus LamserT & THIERY, 1914,
p. 274 (obj.)] [non Rhabdopleura ALLMAN,
1869; mec Dawson, 1870; nec pe KONINCK,
1881]. Apical system with oculars T and V only
insert, Periproct not elongate. Eoc., Eu. Fic.
310,2. *G. (R.) ataxensis (CorTeEsu), M.Eoc,
Fr.; 2a, amb, X7; 25, interamb, X3.3; Zc
apical system, X8; 2d-f, test, aboral, oral, lat.,
% 1.2; 2g, interamb plate, X 13.3 (27a).
Ambipleurus Lamsert, 1932, p. 198 [*Dictyo-
pleurus douvillei LamzerT, 1824; OD] [=Medo-
chechinus Jeanwer, 1935, p. 559 (type, M.

‘fabrei)]. Small, hemispherical. Amb plates tri-
geminate; primary tubercles in regular series in
each column in ambs and interambs. Horizontal
sutures with well-developed pits. Apical system
dicyclic, with ocular I insert. Eoe., Eu.-Egypt-W.
Pak. Fic. 311,32. *A. douvillei (LAMBERT),
Egypt; test detail, X3.3 (112). F1c. 311,3b,c.
A. darchiact DuncaN & Svapen, W Pak.(W.Sind);
3b,c, test detail (3¢ weathered), X7 (47). Fic.
311,3d-f. A. darguini (JeanneT), Fr.; 3d-f, test,
lat., aboral, oral, X 1.3 (90).

Arachniopleurus Duncan & Svapen, 1882, p. 42
[*A. reticulatus; OD]. Small, low hemispherical,
Plates polyporous, pores in slight arcs; tubercles
of both areas on raised scrobicules with radiating
costac. Elaborate network of costac on plates. No
sutural pits. Eoc., Asia(W.Pak.)-Eu.(Italy-Spain).,
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Fic. 312.1. *A. reticulatus, W.Pak.(W.Sind);
test detail, mag. unknown (47).

Dictyopleurus Duvcan & Svapex, 1882, p. 38 [*D.
siczac; OD]. Small, hemispherical. Amb plates
trigeminate, amb and interamb tubercles small,
united by raised costae, forming complicated net-
work on plates; no depressions in horizontal su-
tures. Apical system dicyclic, with ocular I insert.
Eoc., Asia(W,Pak.). Fic. 311,2a. *D. ziczac,
W.Sind; test detail, *mag. (47). Fic. 311,2b.
D. haimei Duxcan & Suapen, W.Sind; test detail,
mag. unknown (47).

Echinopsis L. Acassiz, 1840, p. 9, 18 [*Echinus
elegans Desmounins, 1837; OD] [=Hebertia
MicueLin, 1859, p. 147 (type, H. parisiensis)].
Hemispherical, of moderate size. Amb plates tri-
geminate, pores in single series primary amb

tubercles small, in regular series, close to pores.
Median space with small sccondaries. Interambs
with 2 regular series of small primary tubercles
and irregularly arranged sccondaries. Eoc., Eu.-W.
Afr. Fic. 312 4a-c. *E. elegans (DESMOULINS),
Fr.: 4a, apical system, % 4.7; 4b,c, test, aboral,
lat, X1.2 (27e). Fic. 312,4d-]. E. parisiensis
(MicueLiv), Fr.p 4d, primary spine, X8: 4e,
amb  detail, 5.3: 4f, interamb detail, 3.3
(27e).

Glyptodiadema PonEr, 1883, p. 102 [*Pseudodia-
dema cayluxense Correau, 1880; OD, M]. Amb
plates trigeminate, pores in single line, except
near peristome, where they form arcs of 3. Pri-
mary amb tubercles on every 3rd plate. Interamb
tubercles in regular series, Plates otherwise covered
by small tubercles of uniform size. Horizontal
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Fic. 312. Glyphocyphidae (p. U415-U417).

sutures with distinct depressions. L.Jur., W.Eu.
Fic. 312,2. *G. cayluxense (CorTeAU), Pleinsbach.,
Fr.; 2a,b, test, aboral, lat., X 1.7; 2¢,d, amb, inter-
amb, detail, X 5.3 (27d).

Hemidiadema L. Acassiz, 1846, p. 351 [*H. rugo-
sums OD]. Small, low hemispherical. Amb plates
trigeminate, alternating with small primary plates;
thus primary tubercles arranged in single series;
interambs with regular series of primary tubercles
in each column. Amb and interamb horizontal
suturess with small round depressions. L.Cret.
{ Neocom.)-U. Cret. ( Cenoman.), W.Eu. Fic.
311,la-e. H. intermedium CorrTEsu, Cenoman.,
Fr.. lab, amb, interamb, X3.3; Ic, test, lat,
*x 1.3 (27a). Fig. 311,1d-g. *H. rugosum,
Apt., Fr.; Id,e, amb, interamb, X3.3: If, apical
system, X 7; 1g, test detail, X5.3 (27a). FiG.

311,1h. H. neocomiense Correau, Neocom., Fr.;
amb detail, X7 (31).

Progonechinus Duncan & SLapen, 1882, p. 43 [*P.
eocenteus; OD, M]. Small, hemispherical, flat-
tened, concave below. Ambs and interambs tumid,
marginal outline of test dented; pore zones simple,
pore pairs in single line; interporiferous zone
broad, with 4 series of larger tubercles. Interamb
plates with up to 4 large tubercles at ambitus.
Eoc., Asia(W.Pak.). Fic. 312,3. *P. eocenicus,
W.Sind; detail of test plates, X13.3 (47).
Radiocyphus Corrrau, 1890, p. 98 [*R. vilanovae;
OD]. Hemispherical, of moderate size. Amb plates
polyporous; primary tubercles of both series with
radiating depressions in arcoles. Interamb hori-
zontal sutures have depressions adorally. Eoc., W.
Eu. Fic. 310,3. *R. vilanovac, Spain; 3a,b,
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interamb, amb, X2; 3c-e, test, lat, aboral, oral,
% 1.2; 3f, test detatl, X5.3 (33).

Family TEMNOPLEURIDAE
A. Agassiz, 1872

[Temnopleuridae Acassiz, 1872, p. 285;emend. Duvcaw,
1886, p. 96, Mortexsen, 1942, p. 225]

Tubercles imperforate, usually crenulate.
Test generally sculptured conspicuously by
ridges or depressions, or both. Ambs com-
pounded in echinoid manner, invariably -
geminate; pores arranged monoserially or in
several vertical series; pore Zones not ex-
panded adorally. Gill slits shallow. Pedi-
cellarize of globiferous, triphyllous, ophi-
cephalous and {usually also) tridentate
types. U.Cret.(Cenoman.)-Rec.

Temnopleurus L. Acassiz, 1841, p. 7 [*Cidaris
rorenmatica LEske, 1778, p. 155; QD] [=Prym-
nechinns  KoempEr, 1927, p. 109 (type, P
procialis)]. Moderate in size or small, low hemi-
spherical or subconical. Angular pits present,
distinct; ambs with one pit, from median suture
ta primary tubercle; in interambs 2 pits, one
medial, other adradial, separated by primary
tubercle. Tubercles distinctly crenulate. Mio., Asia
{India-Indonesia-lran); Plio., Tran; Ree., W.Pac.~
IndoPac.

T. (Temnoplenrus), Anus subcentral: no distinct
suranal plate. Pits small or obsolete adorally.
Mie.,, Asia (India-Indonesia-Iran}; Plio., Tran;
Ree., W.Pac.-IndoPac. Fic. 313,2. *T. (T.)
soresmatica {LESKE), Mozambique: amb plates,
¥ 5.3 (136d).

T. {Toreumatica) Gray, 1855, p. 39 [*T. reevests
0D [=Coproplenra I&rDs, 1940, p. 92 {type.
€. sema)]. Anus excentric, suranal plate distinct.
Pits remain distnct adorally. Rec., W .Pac.-Indo-
Pac.

Amblypneustes L. Acassiz, 181, p. 7 [*Echinus
ortim LaMaRck, 1816, p. 48; OD]. Moderate in
size, ovate of hemispherical. Angular porcs pres-

cnt, usually indistinct, Tubercles smooth or at
most indistinctly crenulate. Buccal plates small,
lacking pedicellariae. Apical system small, regu-

arly dicyclic. Rec., Australia-Tasmania-?*N.Z.

Fic. 3134, A. pachistus H. L. CLaRE, 8, Australia;
amb plates, X 5.3 {136d).

Arbacina Poner, 1869, p. xii [*Echinus manilis
DEssaresT, 1816: OD]. Small, hemispherical or
subconical. Angular pores or pits lacking. Tubercles
circular, not indented. Test lacking sculpture, but
with depressions in horizontal sutures. Dense sec-
ondary tuberculation; tubercles near primarics may
be elongate. LMio.-Plio., Eu.-W Afr. Fe. 313,
la-e. *A. monilis (Desmarsst), Helver, Fr.y lab,
test, aboral, lat., X 1.2; Te, test, detail, X8 (109);
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1d, interamb, X 13.3 (136d); Ie, amb, 10 {12).
Fre. 313,1f. A. romana (MERIAN}, Plio.,
Sicily; interamb, X13.3 (136d).
Asterechinus MorTENsEN, 1942, p. 288 [*A. ele-
gans; OD, M]. Small, hemispherical. Angular
pores or pits lacking; sculpture visible but incon-
spicuous; tubercles crenulate and indented. Buccal
membrane naked outside buccal plates. Spines
faintly serrate. Rec., Indonesia. Frc. 313,5. *4.
elegans, Admiralty Is.; Sa, interamb, ambital re-
gion, X8 (136d); Jb,c, amb, aboral, oral, X8
(136d).
Brochopleurus Fouvrrau, 1920, p. 25 [*Temnechinus
srellilatns Duncan & SLapew, 1886, p. 304; OD].
Srmall, hemispherical. Angular pores and pits lack-
ing. Primary twbercles noncrenulate. Distinct ra-
diating sculpture around primary and some sec-
andary tubercles, Apical system dicyclic, Gill slits
small, indistinct. Eec., N Am.(Ala.}-?N. Afr.
{Egvpt); M.Oligo.{Landon.}, N.Z.; U.0ligo-1.Mio.
{ Janjuk.), Australia-N.Z.; M.Mio.(Torton.), Asia
W.Pak.)-N.Afr.(Egypt). Fie, 313,325, *B. stel-
larrs {Doxcay & Stapen), MMis, W.Pak.(W.
Sind}: 3a, test, lat, detail, X1.07, %8 (47).
Fis. 313,3c. B. gujensis (DUNCaN & SLapEN),
M Mio., W.Pak.{W . Sind}; test detail, %8 (57).
Fic. 313.34. B. sadeki Fourtav, Mio,, Lgyps
apical system, X7 (136d).
Desmechinus H. L. Crarx, 1923, p. 342 [*D.
anomalus; OD] [*Javanechinus JEANNLT, 1935,
p. 49 {type, J. rembangensis)]. Medium-sized, de-
pressed. Angular pores or pits lacking. Test sculp-
ture in form of radiating ridges. Apical system
obliquely elongate toward gemital 1. Gill slis
sharp, deep. Valves of globiferous pedicellariae
without lateral teeth, Spiaes smooth. Mio, Java;
Ree., Indonesia, Fiz. 314,6. *D. anomalus,
Rec., China Sea: éa,b, test plates (holotype), apical
system, X4 (136d).
Echinocyphus Cotteav, 1860, p. 226 [*Glypho-
cyphus temuspiatus DEsok, 1857; OD}, Small,
low, flattened above and below, Primary tubercles
crenulate, forming regular series in each column
in both areas. Horizontal interamb sutures with
distinct elongate depressions. Angular pores or
pits lacking. U.Cret{Turon.), Eu. Fic, 314,
Ju-d. *E. tenuistrigtus (Desor), Fr.; 2a, test, lat.,
% 1.3; 2&.¢, amb, interamb, X4; 2d, interamb
plates, X8 (27d). Fic. 314.2¢. E. matronensis
LamBerT & THIERY. Fr.; amb, X4 (115).
Erbechinus jeanwer, 1935, p. 538 {*E. erbi; OD].
Moderate in size, low, subconical. Angular pores
or pits lacking. Sculpture in form of distinct
multiple  transversely  ¢longate  depressions in
horizontal sutures. Interamb twbercles finely
crenulate, forming horizontal series adorally. Apical
system dicyelic, Gill slits small. Plic,, Java: Rer.,
Indonesia {Kei Is.). Fic. 314,1. *E. erbi, Plio,,
Java; la-c, test, lat, oral, aboral, X 1.3 (114).
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Fic. 313. Temnopleuridae (p. U418).

Genocidaris A. Acassiz, 1869, p. 262 [*G. maculata;
OD]. Small, regularly hemispherical. Tubercles
noncrenulate, indented. Sculpture in form of small
scattered depressions. Apical system dicyclic, ocu-
lars widely exsert. Ree., Carib.-E.Atl.-Medit.

Glyptechinus pe LorioL, 1873, p. 169 [*G. rochati;
OD]. Small, hemispherical. Primary tubercles non-

crenulate, secondaries numerous. Horizontal su-
tures sunken. Interambs raised so as to form
median keel, on which primary tubercles are sit-
uated. Gill slits small. Crez., Eu. Fic. 315,1.
*G. rochati, Urgon., Switz.; Ia, test, lat, X1.7;
1b,c, amb, interamb, X7 (119).

Goniosigma Ferr, 1964, p. 201 [*Echinus enysi
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Hurron, 1873, p. 39; OD]. Small to moderate zigzag series, parallel to abradial sutures, so as to
in size. Small secondary tubercles of admedian form sigmoid patterns on either side of interradius.
angles of interamb plates arranged in vertical Each ambital amb plate with single primary

Desmechinus

Fic. 314. Temnopleuridae (p. U418-U423).
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tubercle and single secondary tubercle. Interamb
plates as in Grammechinus, L.Oligo.-M.Oligo.,
N.Z. Fic. 314,5. *G. enysi (Hurrton); part
of test (holotype), X4 (59).

He
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[
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Leiocyphus
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Grammechinus Duncan & Scapen, 1885, p. 82
[*G. regularis; OD, M]. Moderate-sized, de-
pressed. Tubercles noncrenulate. Interamb plates
transversely elongate, with primary tubercle in

Irenechinus

Fic. 315. Temnopleuridae (p. U419, U423).




Orechinus

Fic. 316. Temnopleuridae (p. U423-U424).

middle of each plate; secondaries almost same
size as primaries, lying on each side of them.
Small tubercles near horizontal sutures elongate,
some joining to form bridges across sutures. Mio.,
Asia(W.Pak.). Fic. 314,4. *G. regularis; 4a,
test, adoral, X0.74; 4, test plates, X4 (48).

Graphepleurus H. L. CrLark, 1945, p. 315 [*G.
granularis; OD] [=Graphechinus H. L. CLARK,
1945, p. 317 (objy., lapsus calami)]. Ambs and

interambs each with bare median area adapically;
elsewhere on test epistroma moderately developed,
with ridges between primary and larger secondary
tubercles, and small shallow depressions.  Mio.,
Fiji.

Holopneustes L. Acassiz, 1841, p. ix [*H. poro-
sissimus; OD]. Medium-sized, globular.  Small
angular pores present. Every 2nd or 3rd amb plate
with primary tubercle, primary amb tubercles oc-
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curring irregularly, not forming distinct longi-
tudinal series, Pore zones broad, pore pairs in
irregular series or 3 vertical series, Gill slits small
and shallow. Ree., Australia-Tasmania, N.Z.
Fic. 314,3, H. inflatus Lutken, N.Z,; amb plates,
*5.3 (136d).

Hypsiechinus Mortensen, 1903, p. 81 [*H. cero-
natus; OD, M]. Very small, low, flattened above
and below. Test sculpture visible but inconspicu-
ous, taking form of small irr¢gular depressions.
Angular pores or pits lacking. Primary tubercles
large, crenulate. Apical system large, dicyclic,
raised into conspicuous knob in female. Buccal
membrane wholly covered with plates. Rec., N.AtL
(800-1350 m.). Fic. 316,5. *H. coronatus;
amb, X 11.3 (136d).

Irenechinus Frri, 1944, p. 211 [*I. hkemry:; OD].
Like Brechoplenrus, but with small te medium-
sized test and distinctly crenulate tubercles, sec-
ondary tuhercles of interambs carried on ndges
of epistrama tending te form zigzag series between
primary tubercles. L.Okgo.-M.Olige., N.Z.; L.Mio.,
Australia. Fic. 315,5. *I. henryr, L Mio.(Bates-
ford.}, Victoria; test dctail {(holotype}, X7 (58).

Lamprechinus Déprriein, 1905, p. 622 [*L. min-
dus; OD]. Small, low hemispherical. Angular
pores or pits lacking. Test sculptured. Tubercles
noncrenulate. Apical system smooth, oculars wide-
ly exsert. Gill slits obsalete. Valves of globiferous
pedicellariae with short open blades. Rer., W.Pac.-
IndoPac. Fre. 3154 L. sculptus MORTENSEN,
Japan; interamb (holotype), X7 (136d)}.

Leiocyphus Cotteav, 1866, p. 760 [*Arbacia con-
juncta L. Acassiz, 1840; OD, M]. Small, hemi-
spherical. Primary tubercles noncrenulate, forming
regular series. DPrimaries and secondaries com-
pressed, oval in outline. Small inconspicucus de-
pressions present, no angular pores or pits. Apical
system small, caducous. U.Cres., Eu. Fic. 315,
2, *L. comjunctus {L. Acassiz}, Cenoman., Fr.;
2a-¢, test, aboral, oral, lat, X1.3; 2d.e, amb,
interamb, X7 (27a).

Leptopleurus Laysert & Titéry, 1910, p. 229 [pro
Lepidopleurus Duncan & Scapex, 1883, p. 306
(rion Risso, 1826: mec CrLaparipe, 1868; nec
DaLr, 1879)] [*Lepidoplenrns  hemisphaericus
Ideveaw & Scapewn, 1885, p. 306; OD). Small
hemispherical. Sculpture in form of ridges cross-
ing interporiferous zones, Horizontal interamb
sutures bend downward in middle, preducing
scalelike appearance. Primary tubercles smooth,
Apical system dicvelic. Mro.{Gaf.), W.Pak.-Egypt.

Fre. 315,3a,6. ?1. balli (FoumTan), Sinai;

3a, detail of test, X0.7; 35, test, lat, x1.1 (64).

Fic. 315.3c-e. *L. hemisphaericus (Duncan
& SLapen)., W.Pak(W.Sind); J3ed, details of
ambital region and aberal surface, X7?; Fe, lat
aspect, X 1.2 (47).

Martinechinus Jeanner, 1937, p. 232 [*M. molen-
graaffi; OD, M]. Moderate-sized. Sculpture com-
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prises ridges radiating from ambulacral primaries,
and depressions along interamb sutures. Depres-
sions large, confluent at ambitus, reduced to small
angular pores adapically. Peristome large, gill
slits indistinct. Plio.-Plelst., Timor. Fie. 316,3.
*M. molengraaffi; 3a, oral (holotype), X0.8;
3b,e, parts of amb, interamb (holotype}, X+ (91).
Mespilia Desor, 1846, p. 357 [*Echinus globulus
Liwxg, 1758, p. 664; OD]. Moderate-sized, globu-
lar or hemispherical. Sharply limited broad median
interamb area naked aborally, this area carrying
white striae. Small angular pores preseat, at least
in juveniles. Each amb plate with primary tubercle.
Globiferous pedicellariae  with  widened blades.
Ree., IndoPac.-W.Pac.(E. to Tonga and fHawaii).
Fic. 316,71, *M. globulus {LinnE), Indonesia;
amb plates, X7 (136d).

Microcyphus L. Acassiz, 1846, p. 358 [*M., macala-
tus; QD) [=dAntheckinus A. Acassiz, 1863, p.
358 (wype, A. roseus); Salmacopsis DODERLEIN,
1885, p. 21 (type, S. clivacea)]. Moderate-sized
to small, hemispherical or high, ovate. Tubercles
mostly confined to median part of plates, gen-
crally leaving very conspicuous naked area along
both horizontal and vertical sutures. Angular pores
very small, tbercles noncrenulate or weakly
crenulate. Apical system compact, dicyclic. Mio.,
Java; Plio.(?Pleist.), Timor; Rec., W.Pac.-Indo-
Pac. Fic. 316,2a. *M. maculatus, Rec., Maun-
tius; amb plates, X7 (136d}. Fic. 316,24..
M. javanus JEanwgT, Mio., Java; 2&,c, interamb
plates, apical system, X4 (114). Fic, 316,24d.
M. sp., Plio,, Timor; plates of ambital region,
X4 (91}).

Opechinus Desor, 1856, p. 107 [*Temnoplenrus
costarus D'ARcHIac & Hanag; SD Poumer, 1883,
p. 85 1[=Trumechinus LaMBERT & THiERY, 1910,
p. 218 (type, T. batheri); Psendopechinus Lam-
perT & THifry, 1910, p. 232 (type, Temuopleurus
costatus v'ARcHIAC & Harue, 1853 (mom. van.}
{obj.}]. Like Erbechinns, but with small to mod-
erate-sized  test, low hemispherical or almost
globular. interamb tubercles not forming heri-
zontal series adorally. Eoc., India; Mio.-Plio.,
Indonesia; Ree., Japan-Indonesia. Fic. 316,4c.
*(O). costatns {D'ArcHiac & Haime), Eoc., India;
test plates, X? (7). Fic. 316,4a. Q. kookeri
(v’ArRcHisc & HamMe), Eoc., India: test plartes,
X P (7). Fic. 316,45, O. rousseari (0’ARCiiIAC
& Hamz), Eoc,, India; test plates, X? (7).
Fic, 316,4d. 0. gerthi (Lamsert), Plio, Timor;
test, lat., X 1.3 (68).

Orechinus DOperLEmN, 1905, p. 622 [*Trigono-
cidaris monclini A. Acassiz, 1879, p. 203; OD].
Small, low hemispherical, deeply sculptured, with
ridges and furrows connecting primary tubercles;
secondary tubercles may be weakly crenulate, lirtle
developed, not forming horizontal series. Apical
system deeply sculptured, oculars widely exsert.
Buccal membranc naked ouwside of buccal plates.
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Trigonocidaris

Salmaciella
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8 Salmacis

Fic. 317. Temnopleuridae (p. U424-U425).

Ree., W.Pac.-IndoPac. (450-2300 m.). Fic.
316,6. *0. monolini (Acassiz), Indonesia; 64,6,
interamb, amb, X8 (136d).

Paradoxechinus Lause, 1869, p. 186 [*P. novus;
OD] [=Coptechinus CorTeAu, 1883, p. 27 (type,
C. bardini); Ortholophus Duncan, 1887, p. 414
(type, Temnechinus lineatus Duncan, 1876, =P.
novus) (obi.)]. Small, flattened above and below.
Primary tubercles noncrenulate, in both areas con-
nected by oblique raised ridges, which form zig-
zag lines across median interamb arca, spaces be-

tween ridges flat. No distinct secondary tubercles.
Apical system dicyclic. Eoc., Eu.; Oligo.-Mio.,
Australia-Eu. Fic. 317,1ab. *P. novus, Mio.,
S. Australia; Ia, test, aboral, X3.3 (15): 14,
test, lat,, X 1.1 (117). Fic. 317,1c,d. P. bardini
(CorTEAU), Mio., Fr.; Icd, interamb, amb, X12
(31).

Paratrema Koexrer, 1927, p. 90 [*Pleurechinus
diderleini MortENsEx, 1904, p. 90; OD]. Small,
strong, low hemispherical or almost globular. Pri-
mary tubercles indistinctly crenulate, indented;




Euechinoidea—Echinacea—Temnopleunroida

secondary tubercles smaller than primaries. Hori-
zontal interamb sutures with deep pit at each end,
horizontal amb sutures with deep pit at median
end, and shallow pit at abradial end, anal opening
central, periproct with small plates, no suranal
plate. Only 5 buccal plates. Ree., trop. W.Pac.-
IndaPac. Fic. 317,7. *P. doederleini (Mor-
TENSEN), Slam; amb plates, x%.3 {l36d).
Printechinus Kornrer, 1927, p, 97 [*P. impressus;
OD]. Like Opechinus, but with depressions in
horizontal sutures elongated vertically. Plie., Java;
Rec., Ind.0.-Indonesia.

Prignechinus A, Acasstz, 1879, p. 202 [*P. sagitu-

ger; OD]. Small, hemispherical. No distinct
sculpture on test, pores or pits lacking. Primary
tubercles  noncrenulate, forming regular series.

Apical system regularly dicyelie, some distinctly
sculptured,  Spines coarsely thorny. Globiferous
pedicellariae with single unpaired poison gland.
[ Bathyal-abyssal to 3,300 m.]Ree., W.Pac.-Indo-
Pac,

Pseudarbacina Fourtau, 1920, p. 22 [*Arbacina
fraasi Gaurnier in Fourvat, 1902, p. 63; CDI.
Like Prionechinus, but with simple granulation
and no sculpture on test. Apical system, radioles
and pedicellariac unknown. L.Mio., N.Afr.-
Fia. 317,3. *P. fraasi (GauTHIER), Helver., Egypt;

3a, test, lat, X7?; 3&,c, imeramb, amb, X4.6
(64).
Pseudechinus Morrensen, 1903, p. 106, 138

[*Echinus atbocincns Hurren, 1872, p. 12; OD]
[==Neotechinus DéverLelN, 1903, p. 623 (type,
Echinus magellamicus PriLept, 1857, p. 13037,
Small to moderate-sized, hemispherical to sub-
conical, lacking angular pores. Sculpture indis-
tnet, radiating about primary tubercles, present
in juveniles, Primary tubercles noncrenulate or
weakly crenulate, Apical system dicyclic or with
1 or 2 oculars insert, Suranal plate distunct.

Radioles without thorns. Plio., N.Z.-Australia;
Pleist.-Rec., N.Z.-Australia-S.Am.-subantarctic Is.
Fic. 318,1ab. *P. albocinetns (lurron),

Rec., N.2.; la, test plates, adult, X3.3; 15, ad-
apical parc of test, juvenile, X 10 (57). TG,
318,1c.d. P. fleming? Frir, Rec, N.Z.: Jod, test
plates, adult, immature, X3.3 (57).
Pseudodicoptella JEannet, 1935, p. 44 [*P. reicheli;
OD, M]. Very small (less than 3 mm. horiz.
diam.), low hemispherical. Angular pits large,
irregular, polygonal. Small depressions above pri-
mary tubercles in interamb plates. Primary tubercles
prominent, noncrenulate. o, Indon. Fi6.
319,2. *P. reicheli, Ceram; 2a, ambital part of
amb, X40; 24, adapical part of interamb, x40
(114).

Salmaciells MorrENseN, 1942, p. 226 [*Salmacis
ducsumiers L. Acassrz, 1846, p, 359; OD]. Mod-
crate-sized, low, subconical, decply sunken at
peristome,  Angular  pores distinct  adapically,
Tubercles crenulate. in regular series; adorally,
one primary wbercle to each amb plate, aborally
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one primary tubercle on every 2nd amb plate.
Anal opening excentric, near genital 3, ocular 1,
commonly insert. Rec., W.Pac.-Indolac. Fre.
317,6. *S. duyssumierr {Acassiz), Japan; aboral
amb plates, X 1.6 (136d).

Salmacis L. Acassiz, 1841, p. via [*5. sicolor; O]
[=Melebusis Girarp, 1830, p. 364 (wvpe, M.
mirabilis, —Echinus sphaeroides Linxg, 1738);
Diploporus TroscHer, 1865, p. 158 {type 7, reste
LameeRT & THifry, 1910, p. 217]. Like Temno-
plewrus, but with sutural pits reduced to small
angular pores. Plfo., Java-Timor-E.Afr.; Rec., W.
Pac.-IndoPac. Fic. 317.8. *5. bicolor, Rec,
Madag.; amb plates, X4.6 (136d). [=Malebosis
CoTTEAU, 1867, p. BL3 raom. andl.).]

Scolechinus Laveert & Tiery, 1923, p. 570 [*S.
dullonii; ODY. Like Brockoplenrus but with angu-
Jar pores. Oligo.-LMio, N.Afr, Fre, 317,20,
*8. dallonit, Alg.; test demail, > ? (115). Fi:.
317,26, 25. carenata (Dresor), L.Mio., Fr.; test
detail, % ? (109).

Temnechinus Forues, 1852, p. 5 [*T. ercavatns;
O], Small, subhemispherical., Angular pits pres-
cnt, broad and deep, with sloping edges, Primary
tubercles noncrenulate, forming conspicuous ver-
tical series; tubercles elevated, in middle of plates.
Apical system compact, dicyclic, genital plates
densely tuberculate. Plio., Fng.

Temnotrema A. Acassiz, 1863, p. 338 [*T. sculp-
tur; QD] [=Plenrechinus A. Acassiz, 1872, p.
152, 464 {type, P. bothryoides} (non L. Acassiz,
1841); Dicoprefia Lanpert, 1907, p. 17 {type,
D. agassizi, =T, sculprum A, Acassiz) (ob));
Paradicoptella JeaxNeT, 1935, p. 42 (tpe, P
rutteni)) [non Temnorema LAMBERT & JEANNET,
1935 {=Temnoplenrus)]. Like Paratrema, but
with 10 buccal plates. Mio., Java-Burma; Plio,,
Indonesia; Rec., W.Pac.-IndoPac. {Red Sea to
Hawail, Japan to Australia). Tic. 3174, T.
pulchellum (Mortensex), Rec,, Indonesia; inter-
amb plates, X 7.3 (136d).

Trigonocidaris A, Acassiz, 1869, p. 263 [*T. albidu;
OD]. Small, hemispherical or depressed. Angular
pares or pits lacking. Sculpture in form of de-
pressions and distinct ridges radiating from tuber-
cles. Primary tubercles with indented areoles,
some crenulate, Peristome covered by large im-
bricating plates. Ree., W.Pac.-IndoPac.-N.Atl
Fie, 317,5. T. micropora MorTeNseN, Indonesia;
$a,b, amb, interamb, >(10 {136d).

Triplacidia Birtner, 1891, p. 143 [*Micropsis
reronensis BITTNER, 1883, p. 1; OD] [=dcrociv-
ctrs LAaMBERT, 1911, p. 7 (type, Micropsis biurrizz-
ensis CoTTrau, 1863)]. Large, hemispherical or
subspherical. No sutural pits or sculpture on test.
Primary interamb tubcreles crenulate, imperforate,
in horizontal and vertical scries. Apical system
dicyclic or monocyelic. Eor,, W.Eu.-N.Afr.
Fic. 318,3a4. *T. veronenmsis (Birver), N.laly;
amb plates, X7 (136d). Fic. 318,35, T.
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Zeuglopleurus

Fic. 318. Temnopleuridae (p. U425-U426).

stachei (Brrrwer), Nlealy; amb plates, X1 (14).
Fic. 318,3¢c. T. fraasi (pE Lorior), Egypt:
test, oral, 0.7 (121). Fic, 318,34. T. biar-
ritzensis (CorrEav), S.Fr., apical system, X7
(27e).

Zeuglopleurus Grecory, 1889, p. 494 [*Z. costula-
fus; OD]. Small, hemispherical. Angular pores
or pits lacking. Sculpture in form of radiating
ridges, no depressions in sutures. Tubercles crenu-
late, in regular series. Apical system elongate,
peripract posterior, oculars I and V broadly insert.
U.Cret., W.Eu. Fic. 318,2. *Z. costulatus;
Senon., Eng.; 2a-c, test, lat.,, aboral, oral, X3.7;
2d, interamb plates, X14.7 (70).

Family TOXOPNEUSTIDAE Troschel,
1872

[Toxopneustidae Troscuzi, 1872, p. 38, emend. MORTENSEN,
1904, p. 135] [=Les Schizechiniens Pomer, 1883, p. 79]

Tubercles imperforate, noncrenulate. Test
not sculptured. Ambs compounded in echi-
noid manner, trigeminate to polyporous,
commonly conspicuously widened adorally.
Gill slits narrow, distinct, in many very deep
and divided by longitudinal keel. Pedicel-
lariae of globiferous, triphyllous, ophicepha-
lous, and tridentate types. ?Cret.-?Oligo.,
Mio.-Ree.
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U427

Fic. 319. Temnopleuridae (2); Family Uncertain (1) (p. U425, U430-U431).

Toxopneustes A. Acassiz, 1841, p. 7 [*Echinus
pileolus Lamarck, 1816, p. 45; OD] [=Boletia
Desor, 1846, p. 362 (obj.)]. Large, low hemi-
spherical or subconical, flattened below. Amb plates
trigeminate, primary tubercle lacking from every
alternate amb plate; pore zones less than half
width of interporiferous zone. Pore zones widened
adorally. Apical system transversely elongate, usual-
ly oculars I and V broadly insert. ?Oligo., Eu.;
Pleist., Egypt; Ree,, W.Pac.-IndoPac. Fic. 320,
la. *T. pileolus (Lamarck), Rec., Japan; adoral
region, X3.3 (136d). Fic. 320,16. T. roseus
(A. Acassiz), Rec., Panama; amb, X4 (136d).
| =Hemiechinus Gimrarp (MS name) Acassiz,
1872, p. 167.]

Cyrtechinus MorTENsEN, 1942, p. 229 [*Psamm-
echinus verruculatus LuTtken, 1864, p. 98; OD,
M]. Small, hemispherical. Amb plates trigeminate,
each with primary tubercle; both ambs and inter-
ambs densely covered with tubercles; no naked
areas aborally. Buccal membrane plated, though
not densely so. Ree., trop, W.Pac.-IndoPac.
Goniopneustes Duncan, 1889, p. 113 [*Amblyp-
neustes pentagonus A. Acassiz, 1872, p. 56; OD,

M]. Medium-sized or large, thin, almost globular.
Amb plates trigeminate, pores forming regular
arcs; pore zones not widened adorally; primary
tubercle on every 2nd or 3rd plate; secondary
tubercles little developed; conspicuous naked me-
dian area aborally in both areas. Rec., China Sea.

Gymnechinus MorTensen, 1903, p. 115 [*Echinus
robillardi pE Lorior, 1883, p. 23; OD]. Small,
depressed, almost discoidal. Amb plates trigemi-
nate, each carrving primary tubercle; secondary
interamb tubercles more or less developed, in
some forming horizontal series at ambitus. Aboral
side of test rather naked. Oculars I and II nsert
(anus displaced dextrally). Ree., W.Pac.-IndoPac.
Lytechinus A. Acassiz, 1863, p. 24 [*Echinus varie-
gatus Lamarck, 1816, p. 48; OD] [=Psilechinus
Lutken, 1864, p. 26 (obi.)]. Medium-sized to
large, low hemispherical. Amb plates trigeminate,
each with primary tubercle; secondary amb tuber-
cles not in regular series; conspicuous naked me-
dian space aborally in both areas. Buccal mem-
brane bearing numerous plates, in addition to
oral plates. ?Eoc., USA(Ala.); Pleist.-Rec., trop.-
subtrop., Americas (E.coast-W.coast), Cape Verde
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Nudechinus

Fic. 320. Toxopneustidae (p. U427-U429).

Is. Fic. 321,2. L. enerces H. L. CLaRK, Rec.,
Gulf Mex.;: amb, X5.3 (136d).

Nudechinus CLark, 1912, p. 276 [*N. scotioprem-
nus; OD] [=Taxophyma Lamsert, 1899, p. 36
(type, Psammechinus lyonsi GREGORY, 1898, p.
151)]. Small, regularly hemispherical. Amb plates
trigeminate, each with primary tubercle; primary
interamb tubercles in conspicuous vertical series.
Apical system not excentric, genital I of normal
form, carrying some tubercles of varying sizes,
like adjoining genital plates. Mio., Egypt; Pleist.,
Egypt; Ree., W.Pac.-IndoPac. Fic. 320,5. N.
lyonsi (Grecory), Mio., Egypt; Ja, plates, % 10.7;
5b.e, test, adoral, lat., X2.7 (75).

Oligophyma PomEeL, 1869, p. 43 [*0. oranense; SD
LamperT & Taréry, 1911, p. 248]. Small. Amb
plates trigeminate, pore pairs forming erect arcs;

single series of larger tubercles in each column.
Oculars 1 and V insert. M.Mio.( Helvet.-Torton.),
NL.Afr. Fic. 320,4. O. cellense Pomer, Helvet.,
Alg.; 4a, apical system, XP; 4b-d, test, aboral,
lat., oral, X1; 4e, amb and interamb plate, X7
(144).
Pseudoboletia TroscHer, 1869, p. 96 [*P. steno-
stoma; OD]. Large, low, hemispherical or sub-
conical. Amb plates polyporous (4 or 5 pore pairs
to each arc), each plate with primary tubercle;
conspicuous naked median space aborally in both
areas: secondary tubercles forming horizontal series
at ambitus. Oral plates with small spines. Rec.,
IndoPac.-Carib.
Pseudocentrotus MorTeNsEn, 1903, p. 122, 137
[*Toxocidaris depressa A. Acassiz, 1863, p. 356;
OD, M]. Large, low, oral side completely flattened.
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Fic. 321, Toxopneustidae {p. {/427-17429).

Amb plates polyporous (& or 7 pore pairs to each

arc), pore zones narrow aderally, widening to
become almost petaloid at ambitus. Secondary
tubercles numerous, covering plates. Ree., S.Japan.

Fra. 321,3. *P. depressus (Acassiz), Misaki
Bay; 3a, apical system, X4.7: 3b,, amb aboral
and adoral regions, X 5.3 (136d).

Schizechinus PomeL, 1869, p. 42 [*Anapesus tuber-
ctilatus Pomer, 1887, p. 298; OD] [=Toxophyma
LamserT & THIERY, 1925, p. 280 (no tvpe desig-
nated)]. Large, more or less high hermspherical.
Amb plates trigeminate, each with primary tuber-
cle; secondary amb tubercles forming regular
series parallel to primary series. Apical system with
ocelars T and V insert. Mio.-Plio., Fu.-N.Afr.
Fic, 3203a. 5. duciel (WRIGHT), Mic.,, Malta;
test, oral, X0.7 (38), Fic. 320,36,c. S. tuber-
culatus (PomEer), Mo, Alg.s 36, test, lat, ab-
oral, X 0.8 (144).

Scoliechinus Ax~oLp & Crarx, 1927, p. 23 [*S.
axtologus; OD, M]. Like Lytechinus, but with
test flattened below and pore arcs inverse, pores
of middle component being outermost. 2Crer.,

Jamaica. Fic. 320.2. *§. axiologus; amb de-
tail, X8 {136d).
Sphaerechinus DEesor, 1856, p. 134 [*Echinus

granalaris Lamarck, 1816, p. 44; OD, M]. Large,
hemispherical, not conspicuously fartened below.
Amb plates polyporous (4 to ¢ pores in each
arc}, primary tubercle on each amb plate: sec-
ondary tubercles of same size as primaries, form-
ing distinct horizontal scrics at ambitus. Plo.,
Ttaly; Rec., E.Atl.-Medit,

Tripneustes L. Acassiz, 1841, p. 8 [*Echinus ventri-
cosus Lamarck, 1816, p. 44; OD] [=Hipponoé
Gray, 1840 f(nom. nud }; Heliechinne Girarp,
1850, p. 364 (type, H. gonidii, =T. ventricosus)
(oby.)]. Large, high, hemispherical to subspherical.
Amb plates trigeminate, with primary tubercle on
every 3 or 4 plates; pores arranged in 3 vertical
series; conspicuous naked median space aborally
in both areas. Apical system usually with oculars
I and V broadly insert. Mzo., Eu.-Venez.-W.Pak.;
Piio., USA(Calif.}; Pletst-Rec., IndoPac,-Carib,

Fic. 321,7. *T. ventricosus {(Lamarck), Rec.,

Carib.; amb, X2.7 {136d).
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Family UNCERTAIN Psammechinus orbignyi CorTeau, 1883)]. Mod-
Gagaria Duncax, 1889, p. 91 [*Micropsis venustula erate-sized, low hemispherical. Angular pores and
Duncan & Svapen, 1884, p. 119; OD, M] pits lacking. No distinct sculpture on test. Tuber-
[=Leioplenrus Lamsert, 1902, p. 37 (type, cles crenulate, not indented, forming regular

Gracilechinus

Loxechinus

Atactus

Paracentrotus

7b ' -
Fic. 322. Echinidae (p. U431, U433).
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series in both areas. Apical system with only
ocular 1 insert. ?Palecc., N.Am.; Eoc., W.Pak.,
U.Oligo.,, N, Am, Fic. 3191a-c. G. mossomi
Cooxg, U.Qligo.,, USA(Fla.); la-c, test, lat,, ab-
oral, aral, X1 (24). Fic. 319,1d,e. *G.
venustula (DUNCAN & Scapen), Foc,, W.Pak.(W.
Sind); 14, test detail, X 10; le, test, uboral, X2
(47).

Order ECHINOIDA Claus, 1876

[=Fchinina MorTEnser, 1942] [Materials for this order

prepared by H. B, Feur and 1. L. Pawson, Vicioria

University of Wellington, N, transferred to Barvard Uni-
versity and $mithsonian lostitutionj

Lantern camarodont, Test not sculptured.
Gill slits shallow. Tubercles imperforate,

noncrenulate.  Spines  solid.  ?U.Crer.
{Cenoman.}, Paleoc.-Rec.
In MorTensEN’s (1943) classification,

which is here adopted, four families are dis-
tinguished on the basis of structure of the
globiferous pedicellariae. Such characters
are almost always indeterminate in fossil
material. Accordingly, the diagnoses for all
genera of the order are here presented in
such manner as to be mutually exclusive;
this will permit generic identification of fos-
sils {in most cases, at least) once the ordinal
characters are recognized. Only after the
generic determination has heen made is it
possible to determine the family, unless glo-
biferous pedicellariae are preserved.

Family ECHINIDAE Gray, 1825

{restr. MortEnseN, 1943] [=Triplechinidae A, Acassiz,
1872]

Globiferous pedicellariae with one or

mote lateral teeth on each side of blade.
[See note with order Echinoida.] PU.Cres,
{Cenoman.), Mio.-Rec.
Echinus Linné, 1758, p. 663 [*E. esculentus; SD
FrLL & PawsoN, herein (all other originally
included species now assigned to other genera)].
Test widest at circular ambitus; amb plates tri-
geminate, with primary tubercle on cvery alter-
nate (or every 3rd) amb plate. Buccal membrane
containing scattered plates,  Sccondary  radioles
anly slightly shorter than primary radioles, not
very numerous or dense, very sparse in some forms;
adradial zygopores not markedly scparated from
others by vertical series of enlarged secondary
tubercles. Apical system dicyclic. Plio.-Rec., Eu.-
Atl.-Medit.-indoPac. Fic. 322,2a,b. *E. escu-
lentus, Rec., Eu.; 2a, amb plates, x3,4; 25, apical
system, X 3.8 (136e). Fie. 322.2¢. E. lamarckii
ForsEs, Plio., Eng., test, X 0.7 (61),
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Atactus PomEeL, 1883, p, 79 [*Psammechinus fisch-
eri Correau, 1880; OD] [=Rotulechinus Lam-
BERT & Tmifry, 1914, p. 253 (cbj.) (nem. van.
pro Atactus, supposedly preoce. by Atacta SHINER,
1868)]. Like Echinus, but test low, flattened
above, primary tubercle on every amb plate, pore
arcs apparently almost horizontal, with interperif-
erous areas covered by small granules. Radioles
unknown. Plio., Rhodes. Fic. 322,7. *A4.
fischeri (CoTTEAU); 72, test, X0.8; 74, detail of
test, X 7.7 (26).

Dermechinus Mortensew, 1942, p. 231 [*Echinus
horridas A, Acassiz, 1879, p, 203; OD]. Like
Echinus, but with primary tubercle on every
amb plate, and test high, height equaling or
considerably exceeding horizental diameter, in
which case test is widest below ambitus; secondary
radioles very numerous, densely arranged, with
thorny shafts, Peristome smaller than apical sys-
tem, Ree., IndoPac.

Gracilechinus FELL & Pawson, 1965, herein [*Echi-
nus gracits A, Acassiz, 1869, p. 261; OD]. Like
Echinus but with primary tubercle on every amb
plate; peristomne larger than apical system; scc-
ondary radioles with smooth shafts. Valves of
globiferous pedicellariae with blade sharply dif-
ferentiated from base, forming more or less
tubular rostrum. [Fossils lacking pedicellariae
cannot be distinguished from Parechinus.] ?Plio.,
Eng.; Ree., Atl.-Medit.-IndoPac. Frc. 322,1a.
G. acutus (LamMarck), Rec,, MNAtl; valve of
globiferous pedicellaria, X 77 {136e). Fic, 322,
16, *G. graalis {A. Acassiz), Rec., N.Am.(E.
coast); amb plates, X 4.6 (136e).

Hypechinus Desor, 1856, p. 130 [*Echinus pata-
gonensis D'ORRIGNY, 1842; OD]. Small (to 30
mrm. diam.), similar o Gracilechinus but primary
ambulacral wbercles reduced in size above ambi-
tus and secondary granulation dense 1n some forms
(resembling Sterechinus), Mio.-Plro.,, Patagonia.

Fic, 322,6. *H. patagonensis (p'ORBIGNY),
Plio.; 6a, test, lat., X 0.8; 65, detail of test, X 1.9
(44).

Isechinus LamserT, 1903, p. 476 [*Toxopnenstes
praecursor QrTMann, 1904, p. 53; 51D LAmBERT
& Taifry, 1914, p. 241]. Medium-sized (to 40
mm. diam.}, subhemispherical, flatened below;
amb plates trigeminate, zygopores in oblique arcs,
forming 3 vertical series; pore zones not widened
adorally; secondary interamb tubercles enlarged,
resembling primaries and forming horizontal rows
of 3 or 4 tubercles on each plate; radinles short,
Mro., Patagonia. Fia. 3232, *L. praccursor
(OrRTMANNY; 245, test, lat, adoral, X1 (125);
2c, amb plates, X 8 (136¢).

Loxechinus Desor, 1856, p. 136 [*Echinus albus
MoLina, 1782, p. 200, 348; OD], Widest at cir-
cular ambitus; amb plates polyporous, 7- to 10-
geminate; radioles short; apical system dicyclic.
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Fic. 323. Echinidae (1-2); Family Uncertain (3-4) (p. U431, U433, U436).
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Test green or whitish [Litoral.]. Kee., Chile-

S, Peru. Fic. 322,4. *L. albus (Morina}, Chile;
amb plate, X 4.6 (136e).
Paracentrotus MorTeENsen, 1903, p. 124, 135

{*Echinus lividus Lamarcx, 1816, p. 30; OD].
Widest at circular ambitus; amb plates polyporeus,
5-geminate; apical system regularly dicyclic, rare-
ly with ocular T and V insert; radioles robust, as
long as semdiiameter of test. ?Mic., Fr.; ?Plio.,
Eng.: Rec., Medit.-N.Atl. Yie. 3225, *P. livi-
dus (Lamarck)}, Rec, E.Atl; amb plate, X4.6
(136¢).

Parechinus MorTeENSEN, 1903, p. 108, 134 [*Cidaris
angulosa Leske, 1778, p. 94; SD H. L. CLarkg,
1912, p. 272] [=Protocentrotus DoépErLEIN, 1806,
p. 204 (obi.)1. Like Gracilechinus but valves of
globiferous  pedicellariae triangular, with blade
not sharply differentiated frem base. [Fossils lack-
ing pedicellariae cannot be distinguished from

Gracilechinns.]  Rec., S.Afr.(Mozambique-Cape-
Angola).
Polyechinus MorTeNsEN, 1942, p. 231 [*Para-

centrotus  agnlhensis Doveririn, 1505, p. 623;
OD]. Like Paracentrotus but amb plates 4-gemi-
nate and test hemispherical, large (to 80 mm.
diam.): radicles sherter than semidiameter of test,
Rec., S.Afr.

Psammechinus L, Acassiz & Drsor, 1846, p. 368
[*Echinus miliaris P. L. 8. MULLer, 1771, p. 108;
SD LaumpeErT & THIERY, 1910, p. 239] [nown
FPsammechinus MorTEnsEN, 1903, p. 136, =Lys-
echinus A, Acassiz]. Widest at circular ambitus;
amb plates trigeminate, with primary tubercle
on each; buccal membrane densely plated, with
contiguous or even imbricated plates; secondary
radivles numerous, smooth; apical system dicyelic.
?Cret.; ?Mio. (numerous species recorded but
without evidence of buccal plates); Plio., Eu.;
Pleist.-Ree., N At -Medit.

Sterechinus Koeurer, 1901, p. 8 [*5, antarciicus;
QD). Like Fehinus but sccondary spines very
numerous and dense, with therny shafts; adoral
radioles fattened, primary radioles relatively dis-
tinct, larger and more conspicuous than the
matted sccondaries which surround them; apical
system with oculars I and V insert, or monocyelic,
Test and spines bright red in life, but bleaching
to olive or white in spirits. Ree., Antarctic. Fic.
322,3. *8. antarcticusy apical system, X 4.6 (136d).
Stirechinus Desor, 1856, p. 131 [*S. scillae; OD]
[=Styrechinus Desor, 1856, p. 131 (nom. aull.}]
[non Sterechinas Kosarem, 1901, p. 8]. Like
Gracilechinus but primary tubercles of ambs and
interambs linked by vertical ridges forming con-
spicuous meridional keels on each column. Mio.-
Plio., Fr.-Ttaly(Sicily)-Malta; Rec., S.At.-W.At.

Fic. 323,1. *S. scillae, Plio., Sicily; la,b, test,

aboral, lat,, X0.8; le¢, amb, X 1.6 (44).
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Family ECHINOMETRIDAE Gray, 1825

imom. correct, Berl, 1881 (pro Echinomeuadae Geay, 1855} ]
Blade of globiferous pedicellariae with un-
paired lateral tooth, [See note with order

Echinoida.] Palcoc.-Rec.

Echinometra Gray, 1825, p. 426 [*Echinus Inctinter
LivxE, 1758, p. 665; OD) [=Eflipsechinus Lut-
xEv, 1864, p. 165 (wvpe, E. macrosiomus,
—Fchinometra vanbruati A. Acassiz, 1863, p.
21): Pldgieckinus PouEeL, 1883, p. 78 (uvpe,
Echinontetra prisca Cotreac, 1875, p. 12); Mor-
tensenia Déverurin, 1906, p. 233 {1ype, Echinus
oblonga pE BraivviLre, 1825, p. 93)]. Ambitus
oblong or elliptical, longer transverse axis passing
throngh ocular T and genital 3; amb plates poly-
porous, 4- to 10-gemnate, exceptienally (in E,
priscay trigeminate; spines egual to or shorter
than test diameter, acuminate but not otherwise
modified. Paleae., India; Oligo., Cuba; Mio., Fr.;
Plio., Calif.-Fiji; Pleist.-Rec., trop. Atl.-IndoPac.

Fic. 324,6. *E. lucunier (LINNE), Ree,
Carib.; amb plate, %5 (136e). [==PEHNipsocidaris
Pomer, 1869 (nom. nud.).|

Anthocidaris Luvrken, 1864, p. 164 [*Toxocidaris
crassisping A, Acassiz, 1863, p. 356; OD]. Widest
at circular ambitus; amb plates polyporous, 7- to
9-geminate, amb at peristome wider than inter-
amb; radioles elongate (some as long as heriz,
diam, of test) unequally developed, usually much
longer on one side of body (and usually so elon-
gated on either anterior amb or posterior inter-
amb); oculars T and V insert. Dark purple epi-
dermis. Ree., Japan-China, Fic. 324.5. *4.
crassisping (A. Acassiz), Japan; amb plates, %3
(136e).

Caenocentrotus H. L. CLarxk, 1912, p. 348 [*Ech:-
nus gibbosus L, Acassiz & Desor, 1840, p. 367;
OD]. Widest at circular ambitus; amb plates paly-
porous, 4- to 5-gceminate; anus displaced to left,
hence oculars 1V and V insert; spines shorter than
semidiameter of test. Ree., Galapagos-Peru-Chile,
[Almost all tests deformed aborally by the para-
sitic crab Fabia chulensis, which inhabits the
rectum.].

Colobocentrotus BranoT, 1835, p. 65 [*C. mertensi;
OD]. Ambitus oblong or elliptical, longer trans-
verse axis passing through ocular II and genical 4;
amb plates polyporous, 8- to 12-geminate, zygo-
pores arranged in single arcs; aboral spines
rounded, button-shaped, but not forming con-
tinuous mosaic; subambital enlarged spines form-
ing marginal fringe. Rec., cosmop. [—=Colobocen-
frues Gray, 1840, p. 52 {nom. van.).]

Echinostrephus A. Acassiz, 1863, p. 20 [*E. acicn-
latns; QD) [=PFerinaius A. Acassiz, 1872, p. 119
(nom. nud.); Raphidechinus LanxiBerT & Thifry,
1914, p. 241 (tvpe, Echinus molaris DE Brax-
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viLLE, 1815, p. 88)]. Widest above circular ambi- Pac. Fic. 324,4. E. molaris (DE BLAINVILLE),
tus; aboral spines very long and slender; amb Indon.; amb plates, X 6.7 (136e).

plates 3- to 4-geminate; apical system dicyclic. Evechinus VerriLL, 1871, p. 583 [*Echinus chloro-
[Blackish reef-dwelling forms.]. Rec., trop. Indo- ticus VALENCIENNES, 1846, pl. 7; OD]. Widest

Selenechinus
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Echinostrephus Ta

Diplosalenia

Hemicentrotus
Fic. 324. Echinometridae (I-7); Strongylocentrotidae (8-9); Parasaleniidae (10) (p. U433-U436).
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at circular ambitus; amb plates trigeminate, with
primary tubercle on only every 2nd, 3rd, or 4th
plate; buccal membrane containing scattered plates;
secondary spines only slightly shorter than primary
spines; adradial zygopores separated from others
by rather conspicuous vertical series of sccondary
tubercles, zygopores tending to form 3 vertical
series in each area. [Littoral, green forms re-
stricted  to New Zealand,] Pletst.-Ree.,, N.Z.-
Kermadec Is. Fic. 324,3. *E. chloroticus
(VALENCIENNES), Rec, N.Z.; amb plates, X5
(136e).

Heliocidaris 1. Acassiz & Dszser, 1846, p. 371
[*Echinns twberculatus Lamarck, 1816, p. 305
OD] [=Toxccidaris A. Acassiz, 1863, p. 22
{type, Toxopneustes delalandi L. Acassiz. & DEsoR,
1846, p. 367, =Echinus erythrogrammus VALEN-
cienngs, 1846, pl, 71 [non Heliocidaris PomeL,
1883 (MorTENsEN, 1903; Lamserr & THifry,
1914} {=Ervechinus)]. Widest at circular ambitus:
amb plates polyporous, 7- to 10-geminate; spincs
long and robust (in length reaching half horiz.
diarn. of test), brownish, ambital spines flattened
distally; oculars 1 and V usually insert, [Littoral
reci-dwelling  forms.] Ree,, Australia-N.Z.
Fic. 324,1. H. erythrogramma (VALENCIENNES),
E.Australia; valve of giobiferous pedicellaria, X 83
{136e).

Heterocentrotus Branot, 1835, p. 65 [*Echinus
mammillains Linng, 1758, p. 664; SD Powmrr,
1883, p. 77] [=Acrecladia L. Acasstz & Desor,
1846, p. 373 (type, Echinus trigonarits LAMARCK,
1816, p. 51; SD Pomer, 1883, p. 77}]. Ambitus
elliptical, longer transverse axis passing through
ocular 1T and genital 4; apical system normally
dicyclic; amb plates polvporous, 9- to 16-geminate,
zygopores of some species arranged in double
arcs; primary spines very thick and massive, sub-
cylindrical or prismatic, carried cn greatly en-
larged primary tubercles; no marginal fringe of
ambital spines, aboral spincs not modified as
scales or plates. ?Mio., Madag.; Plio.-Pleist.,, Sucz-
Indonesia; Ree., IndoPac.-W.Pac. Fie. 324,
Zab. *H. mammillatus (LinsE), Rec, W.Pac;
7a, aboral amb plate, }(8.3; 74, ambital amb plate,
%33 (136e). Fic, 3247¢c. H. trigonarius
(Lamarck), Rec., W.Pac.; amb plate showing
double pore arcs, X4.2 (136¢e). [=Holocentrono-
tus Gray, 1855, p. 37 (nom. van.).]

Pachycentrotus H. L. CLark, 1912, p. 349 [*Sphaer-
echinus australiae A, Acassiz, 1872, p. 55; OD]
[=Cryptopora A. Acassiz, 1872, p. 55 (ob).);
Pachechinus A, Acassiz, 1872, p. 139 (obj.}].
Widest at circular ambitus; amb plates mostly
polyporcus (4-geminate), but several adoral plates
and few others trigeminate; oculars I and V in-
sert and in some forms II and 1V also; radioles
very short, length scarcely reaching 4th of horiz.
diam. [Littoral to 70 m.] Rec., S.Australia,
Podophora L. Acasstz, 1840, p. 19 [*Echinus atra-
tus LINNE, 1758, p. 665; OD]. Like Colebacentro-
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15 but aboral spines converted into flar polygonal
plates arranged in basaltuform mosaie. [Iatertidal
reefs.] Ree., trop. IndoPac.-W.Pac.

Selenechinus be MEJERE in DeLace & HERrRorarp,
1903, p. 246 [*Echinus armatus DE MEITERE,
1902, p. 3; OD]. Widest at circular ambitus; amb
plates trigeminate, with primary tubercle on cvery
2nd or 3rd plate except adorally; buccal mem-
brane containing scattered plates; secondary spines
only slightly shorter than primary spines; adradial
zygopores not scparated from others and not
forming 3 distinct vertical series; secondary tuber-
cles very small or lacking on amb plates except
adorally. Test white or red. Ree., FPhilippine Is.

Fro. 3242, *S. armatns (nE MEIJERE); amb
plates, X5 (136¢).

Zenocentrotus A. H. Crark, 1931, p. 5 [*Z. %el-
lersi;, OD]. Like Hetrocentrotus but  primary
radioles not much enlarged, with marginal fringe
of conspicucus subambital tadioles, rather longer
than others; apical svstem with oculars T and V
insert or dicyclic. Rec., S.Polynesia,

Family STRONGYLOCENTROTIDAE
Gregory, 1900

lemend. MorTensen, 1943)
Test circular at ambitus. Blade of globi-
ferous pedicellariae without lateral teeth.

[See note with order Echinoida.] Mio-Rec.

Strongylocentrotus Branpr, 1835, p. 63 [*S. chloro-
centroins (—Echinus droebachiensis O. F. MiL-
LER, 1776, p. 235); OD) | =Enryechings VERRIIL,
1866, p. 341 (obj.)). Widest at circular ambitus:
amb plates polyporous, 5- o 10-geminate, amb at
peristome wider than interamb; length of spines
not cxceeding semidiameter of test. Mo, USA
{Ore.); Plio., USA{Calif.); Rec., mainly N.Pac. (1
N.Atl, species believed to be late migrant from
N.Pac. by way of Arctic}. [Records from European
Mio.-Plio. probably misidentifications of Para-
centroits.] Fie. 324,8. *S. droecbachiensis
(0. F. MoLLer), Rec., Arctic circumpolar; 8a,
valve of globiferous pedicellaria, X62; 85, amb
plate, X 6.7 {130e).

Allocentrotus MorTENSEN, 1942, p. 232 [*Strongy-
locentrotus fragilis Jackson, 1912, p. 128; OD}.
Like Strongylocentrotus but amb plates always
S-geminate and amb at peristome distinctly nar-
rower than interamb, spines slender and short,
not exceeding 4th diameter of test in length. Ree.,
W.N.Am.(Vancouver to L.Calif.).

Hemicentrotus MorTENSEN, 1942, p. 231 [*Sphacr-
echinus puicherrimus A, Acassiz, 1863, p. 357;
OD). Like Strongylocentrorus but amb plates 4-
geminate, zygopores arranged in 4 vertical series,
[Littoral.). Ree., Japan-N.China. Fic. 324,9.
*H. pulcherrimus {A. Acassiz), Japan; amb plate,
X7.5 (136e). [=PDitcaster Acassiz, 1872, p.
178.]
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Family PARASALENIIDAE Mortensen, Test elliptical at ambitus. Blade of globif-
1903 erous pedicellariae without lateral teeth.

[nom. transl. et correct. MorreNseN, 1943 (ex Parasaleninae [Sge note w[[h ordcr Echinoida,] EOC,-RBC.
MorTENSEN, 1903 ]

Parasalenia A, Acassiz, 1863, p. 22 [*P. gratiosa;
OD] [=Cladosalenia A. Acasssiz, 1872, p. 148
(obj.)]. Ambitus elliptical, longer transverse axis
passing approximately through ocular 1II and geni-
tal 5; amb plates trigeminate; apical system dicyclic;
single series of primary interamb tubercles in each
column. L.Mio.( Aquitan.), Fr.; Rec., Indo-Pac.-
W.Pac.

Diplosalenia MorTENSEN, 1942, p. 232 [*Parasalenia
gosseleti Correau, 1894, p. 633; OD]. Like Para-
salenta but with double series of primary tubercles
in each interamb column. Eoc., Eu. Fic. 324,
10. *D. gosseleti (Correau), Fr.; 10a, interamb
plates of holotype, 3.3 (136e); 105, amb, X3.3;
10cd, test, lat., aboral, X0.8 (27e).

Family UNCERTAIN

Spaniocyphus Poner, 1883, p. 81 [*Echinus fallax
L. Acassiz; SD Savin, 1905, p. 191]. Small (ca.
10 mm. diam.), low hemispherical; amb plates
trigeminate, ambs conspicuously widened ad-
orally, with numerous secondary granules and
primary tubercle on each plate, forming vertical
meridional series. [Ambulacral structure not pre-
cisely known, possibly not echinoid; if diademat-
oid, genus should probably be referred to Stom-
echinidae.]L.Cret.-U.Cret., Eu. Fic. 323,3. *S.
fallax (L. Acassiz), L.Cret.(Valangin.), Switz.;
3a,b, amb, interamb, X3.2; 3c-e, amb, interamb,
apical system, X 9.6 (27a).

Trochoechinus pe Lorior, 1909, p. 234 [*Psamm-
echinus zumoffeni pE Lorior, 1902; OD]. Like
Psammechinus but apical system with oculars I
and V insert. [Ambulacral structure not precisely
known, possibly not echinoid; if diadematoid,
genus should probably be referred to Stomechini-
dae.] U.Cret.(Cenoman.), Asia Minor; Mio.,
Malta. Fi, 3234a-e. *T. zumoffeni (pE
Lorror), Syria; 4a,b, amb, interamb, X2 (125);
4c-e, test, aboral, oral, lat., X1 (126). Fic.
323,4f. ?T. tortonicus (GREGORY), Mio., Malt;
apical system, X2 (72).

Lo
e

Order PLESIOCIDAROIDA
Duncan, 1889

[Plesiocidaroida DunNcan, 1889, p. 19] [=Blastoéchinides
MunIer-CHaLmas, 1895] [Materials for this order prepared
by H. B. FeLt, except diagnosis by J. W. Durnam]

Test rigid, peristome large; gill slits ab-
sent or distinct; tubercles small, noncren-
ulate; primordial interambulacral plates
persistent, followed by three plates; apical
system very large. [This small group seems
Fic. 325. Tiarechinidae (p. U437). to be ancestral to the Arbacioida and thus is
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referred 1o the Echinacea, even though the
lantern is unknown.] U.Triac(Carn.}.

Family TIARECHINIDAE Gregory,
1896
[Tiarechinidac Gaecary, 1896, p. 1003)

Lantern unknown, probably stirodont. Pri-
mary tubercles imperforate, nencrenulate.
Test small (up to 7 mm. horiz. diam.},
flattened below, hemispherical above, plates
firmly fused together. Primordial interamb
plate persisting, succeeded by 3 series of in-
teramb plates. Amb plates simple through.
out. zygopores uniserial. Apical system very
large, accupying most of aboral surface, di-
cyclic, oculars strongly exsert. Periproct
stmall, pentagonal in outline, probably caov-
ered by 5 valvular plates, as in Arbacioida.
Peristome large, without gill slits. U/.1'rias.
Tiarechinus Nruxavr, 1881, p. 169 |*T. princeps:
0D, M] [=llauerta Lavsr, unpub, MS (anom.
nud.}) (non D’ORBIGNY, 1846)], Very small (test 5
mm, diam,), Oral side Hat, upper side high, arched,
Amb plates simple, each with distinct tubercle,
pore pairs uniserial. Primary tubercles confined
to oral side. Ambulacra continuing halfway up
sides of test. U.Trias., Eu. Fia. 325,1. *T.
princeps; Carn., N Ausiria; Ja-d, test, aboral (2
specimens), oral, lat., X4; Ie, detail of adoral
part of amb, X7 {128},
Lysechinus Grecery, 1896, p. 1000 [*L. incon-
gruens; OD, M], Like Tiarechinus but less spe-
cralized, with no distinet primary tubercles, but
small granules, not canfined tw oral side, but
found scattered also adapically. Ambulacra almost
wholly confined to oral side. U7. 745, Eu. FiG.
325,2. *L. incomgruens, Carn., N.Austria; 2ab,
test, aboral; X4.7; 2cd, test, oral, X4.7: 2e,
test, lat, X 4.7 (73).

Superorder UNCERTAIN
(ECHINACEA or
DIADEMATACEA)

Order ORTHOPSIDA Mortensen,
1942

[nom. trans. Frrr & Pawson, herein fex suborder
Orthopsina MorTe~nsEN, 1942, p. 225)

Lantern camarodent (known only in Os-
thopsis}. Ambulacra simple, witheut com-
pounded plates, at most with only incipient
triads; zvgopores arranged in straight me-
ridians. Tubercles perforate, noncrenulate.
Apical system dicyclic, exceptionally with
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posterior oculars insert. Spines unknown.

L.jur-U.Cres,

The characrers of the tubercles and ambs
point to an aulodont derivation of the cama-
rodont Orthopsida, which possibly share a
common ancestry with Pedinoida. The re
maining camarodant orders, on the other
hand, evidently derive from a stirodent an-
cestry. Until fuller information is avatlable
on the morphology of Orthopsida, it is im-
possible to assign them to any defined super-
order, but it seems probable that they repre-
sent an independent camarodont assemblage
of superordinal status,

Family ORTHOPSIDAE Duncan, 1889

[mome, sransd. Guesory, 1900, po 308 (cx Orthopsinae Divcax,
168, p. 597]

Characters of order, Test small or large,
regularly hemispherical or globular (appar-
ent oveld form of Gymnodiadema probably
a post-mortem distortion). L.fur.-U.Cret,
Orthopsis Corrran, I864, p. 550, 363 [*Cidarites

milaris 'ArcH1ac, 1833; OD) [=Stephanopsis
Lasteert, 1900, p. 29 (tvpe, O. similis STOLICZRA,
1873, p. 46) (men Canerinck, 1869, nec DEenor,
1866): Stephomma Stecwow, 1921, p. 263 (pio
Stephanopsis Laverrr, 1900): Arialopsis Lamerrr
& Tifry, 1925, p, 566 {abi.) {syn. of Steph-
ommay); ?Miorthopsis Poser, 1883, p. 100 (tvpe,
0. Aouesti Correav, 1867)]. Moderate in sizc,
usually flattened zbove and below. Amb plates
imperfectly trigeminate, primary plates remain-
ing distinct, with wbercles in regular series; pore
zones straight, uniserial, Primary interamb wher-
cles perforate, noncrenulate; secondary tubercles
well developed, but net as large as primaries and
not continuing throughout. Apical system dicyclic.
Lantern  camarodont. M. Jur. Bathon.)-U.Cret.
(Senon.), Eu.-Asia-Afr.-N.Am. Fre, 326.1a-c.
*O. miliaris (D’Arcuiac), Senon., Tr.y lab, test,
aboral, oral, X 0.87 (272); Ic, apical svstem, X2.7
(27a); ld,e, amb, interamb, 2.7 (27a), Fic.
326,1f. 0. fouesti Cortrau, Cenoman,, Fr.; test,
lat,, 0.8 (31). Fic, 326,1g. 0. globasa Cot-
TEAU & GAUTHIER, Scnon,, Iran: amb detail, ap-

prox. 5.3 (31). Frc, 326,14, O. ruppelli
(Desor), Cenoman., Egvpt; test, aboral. x0.8
(121). Fie. 326,14, 0. casanovai Cooxr,

Senon., USA(Tex.); test, lat., M1 (23).

Brochechinus LanserT & THIERY, 1908, p, 21 [*A.
elisae; OD, M]. Small, hemispherical. Pares in
arcs of 3 adorally, in single series aborally: each
amb primary tubercle occupying 2 plates; interambs
with single series of perforate, noncrenulate tuber-
cles in each column, but also with granules con-
nectedd by ridges, forming network. Apical system
dicyclic. U.Jur., Eu. Fic. 326,2. *B. elisae,




Echinodermata—Echinozoa—Echinoidea

Fic. 326, Orthopsidae (p. U437-U438).

Oxford., Fr.: 2ab, amb, interamb, %5.3; 2cd,
test, aboral, lat., X1.2; Ze, apical system, X35.3
(115); 2f, amb, detail, X 10 (136d).
Dubarechinus Lansert, 1937, p. 62 [*D. despujol-
siy OD]. Small to medium-sized, subglobular,
Amb plates bigeminate adorally, mercly primaries
adapically. Interamb plates with very small pri-
mary tubercles. Amb plates granuliferous, L.Jur.
(Domer.), Marocco.

Gymnodiadema pr LorioL, 1884, p. 606 [*G.
choffati; OD, M]. Like Dubarechinus, but with
amb plates all primaries, with some perforate
tubercles near peristome; interamb plates also with
distinct perforate tubercles near peristome. M.[ur.
( Bathon.-Callov.), Eu. Fic, 327,1. *G. choffati,
Port.; lab, test, lat, aboral, X0.7 (124); Ic,
amb plates, X4 (125); Id, detail of test, X2
(124); 1e, adoral part of interamb, X2 (125).

Orthocidaris Correau, 1862, p. 182 [*Hemicidaris
inermis A. Gras, 1848; OD, M]. Moderate in
size to large, subspherical. Amb plates simple
primaries with many small tbercles; pore pairs in
single series throughout, except near peristome;
interambs each with single series of perforate,
noncrenulate tubercles in each column. L.Cret.,
Eu. Fic. 328,2. *O. inermis (A. Gras),
Valangin., Fr.; 2a-c, test, aboral, oral, lat, % 0.7
(27a): 2d, test, lat. (large specimen), X0.7 (31);
2¢, amb, X2 (27a); 2f.g, amb plates, adoral, ab-
oral, X4 (31).

Scaptodiadema b Lorior, 1891, p. 4 [*S. matheyi;
OD, M]. Like Brochechinus but with spaces be-
tween primary tubercles covered by small im-
perforate irregular tubercles. U.Jur., Eu. Fia.
328,1. *S. matheyi, Oxford., Switz.; Iab, amb,
interamb, X3.3; Ic-e, test aboral, oral, lat,
% 1.2; If, apical system, X4 (126).
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DOUBTFUL GENERA OF REGULAR
ECHINOIDS

Besairecidaris LamzerT, 1936, p. 117 [*B. ankaren-
sis; OD]. Recorded as cidarid but probably some
hemicidarid. Description inadequate. [See Mor-
tensen, Mon., v. 5 (2), p. 557, 1951) ] Jur., Madag.

Bramus pe Grecorio, 1930, p. 29 [*B. smplex;
OD]. Minute spines (possibly of a miocidarid).
Perm., Sicily.

Crinocidaris b Grecorio, 1930, p. 29 [*C. unicus;
OD].

Dallonia Lanxsert in Davvront, 1920, p. 154 [*D.
squamosa: OD]. Algeria. [Supposed diademata-
cean, but probably consisting of fragments of some
spatangoid.]

Echinopluteus MorTeNnsEN, 1897, p. 5 (type not
specified). Erected for echinoid larval forms of
unknown parentage, binomial, comparable to
Leptocephalus, hence valid under Article 17 (4)
of Code, and having status under the Law of
Priority. Opinion 44 is relevant.

Firmacidaris LamserT, 1937, p. 45 [*Sphaerotiaris
precineta LameerT, 1933; OD]. Supposed cidaroid
near Besairecidaris considered by MoRTENSEN
(1951, p. 558) as probably a hemicidarid, but in-
determinate.

2d

Fic. 328, Orthopsidae (p. U438).
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Gajechinus Lanreerr & Tuufrv, 1914, p. 242
[+ Fchinus suborenatins Duncan & S1.ADEN, 1883,
p. 3170 OD]. Censidered by MoRTENSEN {Mon.,
v. 3 (2), p. 392, 1943) as mom. delend.

Ombria QuensTepT, 1873, p. 298.

Pleurcchinus L. Acassiz, 1841, p. 7 [*Cidaris
bothrvoides KLEY, 1754, Tab. VI, B (prelinnean);
SO Lansenr, 1907, p. 15] [won Pleurechinus A.
Acassiz, 1872, p. 152 —=Temnotrema A. Acassiz].
Based en internal cast of unidentifiable echinoid,
holotvpe  now lost, figure unrecognizable. De-
clared by Morrtensen {Mon., v. 3 (2), p. 370,
1913) a genus delendum.

Pleuracidaris Posryr, 1883, p. 111 [?rype]. Genus
based on fragmentary fossils probably referable
to Phyllacanthus, Prionocidaris, and other genera.
diagnostic character being not of generic value.
[Sce Mortensen, Mon, v. [, 1928, p. 459.]

Protocidaris vE GrEcorio, 1930, p. 20 [*P. hen-
contesing; ODY]. Minute spines (possibly of some
miocidarid). Pesm., Sicily.

Radiolus (auctt.). Name used in binemial manner
for unidentifiable fossil spines, comparable with
Osolithns. Permissible under Arucle 17 (4) of
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Code, by way of establishing formal nomenclature
for fragments of uncertain systematic position.

Rhabdechinus LanserT, 1910, p. 5 [*Cidaris belone
p'Oreieny], Discussed by Morrensen (Mon,, v.
3 (1), p. 365, 1930), who concludes that the
genus is possibly based on cidarid spincs. which
are indeterminate, plus a fragment of test of what
may be Phvmotaxis.

Vernius pE GREGORIO, 1930, p. 18 [*V. elaborarus;
OD]. Minute spines (possibly of some miocidarid).
Perm,, Sialy,

Superorder GNATHOSTOMATA
Zittel, 1879

“Diagnosis Ly ], W. DURHAM]

Corona rigid: periproct outside apical sys-
tem; no compound ambulacral plates; pri-
mary tubercles usually perforate and crenu-
late; spines hollow; lantern and girdle usual-
ly present in adult, teeth keeleds apical sys-
tem and peristome usually approximately
opposite. fui-Ree.

HOLECTYPOIDS
By CaroL D. Wacner and J. WyaTT DurHAM

| University of California {Herkeley} ]

INTRODUCTION

The holectypoids comprise a group of
morphologically highly variable echinoids
which appear, in part at least, to bridge the
gap between the “regular” and “irregular”
groups. Within the order, the position of
the periproct varics from well above the
ambitus (e.g., Anorthopygus) to immedi-
ately adjacent to the peristomne {e.g., Echi-
nonews). Variation of most morphological
characters of systematic importance is so
extreme as to render overall relationships
obscure and classification tenuous. In the
Cretaccous genera, in particular, a genus
may exhibit very progressive development
of one or more characters accompanied by
morphological features which undoubtedly
are nonprogressive. Although general trends
of marphological change arc observable
within the order, distinct levels of evolution
are not easily recognized.

Relative shape and disposition ol the
plates of the ambulacra are perhaps the most
significant phylogenetic characters. An over-

all trend from simple primaries thronghout
to reduced plates adorally and for an in-
creasing distance adapically is notable. The
pattern of association of plates in triads
(“plate crushing” or “plate reduction™) has
been studied in detail by Hawkins (1920).
The resulting group of three plates is not a
compound plate, as the three are not bound
together by a single tubercle. The adapical
member of the triad is a relatively high pri-
mary, the next adorally a smaller primary
or a demiplate, and the adoralmost mem-
ber a much reduced demiplate. Species in
which this pattern is highly developed com-
monly have pore-pairs disposed in more or
less distinct ares of three. However, in all
genera, including those in which the triad
grouping extends to the adapical terminus
of the ambulacrum, the carliest plates ad-
jacent to the peristome are usvally relatively
high primaries. In some later gencra, dis-
tinct petaloid tendencics appear with rare
demiplates on the oral side only.

Character of interambulacral ornament
has played an important role in most classi-
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Holectypus

Discholectypus
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Coptodiscus

F1c. 329. Holectypidae (p. U444).

fications of the group. In genera with ord-
erly ornament one large primary tubercle is
situated slightly adradial and adoral to the
center of cach interambulacral plate, form-
ing distinct meridional rows over the
corona. Tubercles of essentially the same
size occur in transverse or diagonal rows
toward the interradial suture and in diag-
onal rows adradial to the central tubercle.
In the more advanced groups, orderliness of
tubercle placement breaks down and a con-
dition of numerous, equalsized, deeply
scrobiculate scattered tubercles is attained.
Earlier representatives of the order have
perforate and crenulate tubercles; later
genera may have perforate or nonperforate
tubercles, all of essentially the same size.

The perignathic girdle is highly variable.

Auricles of Holectypus are short rodlike
structures not connected by interradial
ridges. In the Discoididae and Conulidae
the ecarlike auricles are connected by
ridges. In geologically younger groups the
girdle 1s highly specialized, rudimentary, or
absent in the adult. Lantern supports in
Haimea, Oligopygus, and Bonaireaster con-
sist of flat, rectangular structures interradial
in position in the adult but radial in origin.
In the Conoclypidae the auricles are elon-
gate, flaring structures mounted on a high
oral funnel; these are also interradial in
position but radial in origin.

Internal buttresses are present, though
poorly developed, in Holectypus. They are
highly developed in the Discoididae, ex-
tending outward from the ridges of the
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perignathic girdle slightly adradial to the tus. Conulus shows no trace of internal sup-
center of the interambulacral column and  ports and none are found in the geologically

continuing some distance above the ambi- younger groups.

2a

Dixonia

Lanieria

Anorthopygus

Camerogalerus 5b
Fic. 330. Anorthopygidae (1); Discodeidae (2-5) (p. U444-U445).



Euechinoidea—Gnathostomata—Holectypoida—Holecty pina

A general trend is observable in the pro-
gressive changes of the apical system. The
Holectypidae and Discoididac have five
genital plates; genital plate 5 may be per-
forate or not. Conulus, the Galeritidae, and
meost members of the Echinoneidae have
four perforate genital plates. Anorthopygus
has an ethmolytic apical system. Echinoneus
and representatives of the Oligopygidae and
Conoclypidae are characterized by a mono-
basal system with four genital pores.

Overall shape of the test ranges from the
highly vaulied Conulus with flat oral side
and relatively sharp ambitus to the globular
Lanieria and to the ovoid Oligopygus with
rounded ambitus and pulvinate oral side.

Spines and pedicellariac are not well
known. Primary spines of Holecrypus de-
pressus are relatively short aborally, longer
orally, with blunt tip, slender striated shaft,
prominent, commonly oblique milled ring
and long, tapering basc. They have a hol-
low axis and no cuticle. Short hairlike
miliaries are also present. Tridentate and
globiferous pedicellariac have been observed
on Holectypus. Primary spines of Echino-
neus, which are short and fairly strong,
form a dense, uniform cover; they have a
small axial cavity and terminate in a simple,
rounded tip. The very numerous miliary
spines are finely serrate. Globiferous, tri-
dentate, triphylious, and ophicephalous
pedicellariae are present.

Studies on the crystallographic c-axis
orientation of the calcite plates (Ravp,
1959, 1960) shed useful light on relation-
ships within the Holectypoida. The families
Holectypidae, Galeritidae, Echinoneidae,
and Conoclypidae have the c-axis normal to
the test. In Conulus albogalerns c-axis ori-
entation varies ontogenetically; in Camero-
galerus eylindrica the c-axis is tangential to
the test. The orientation in the Oligopygi-
dae and Anorthopygidae is unknown as yet.

Inasmuch as Echinoneus and Micropeta-
lon are the only living Holectypoida, eco-
logic evaluations are necessarily largely in-
ferential. Echinoneus is mainly littoral, liv-
ing buried in coarse substrates, often be-
neath rocks or coral. E. cyclostomus has
been recorded from depths of 120 meters.
Most fossil records are from fine, calcarecus
sediments. Faunas including holectypoids
commonly exhibit great diversity and con-
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tain elements of known warm-water affinity.
At present, Echinoneus is tropicopolitan;
Micropetalon is known only from the
Hawatian Islands and China Sea from
depths of 40 to 70 m.

The earliest known holectypoid (Holecty-
pus) is reported from the Pliensbachian.
During the late Jurassic and throughourt the
Cretaceous the order diversified and spread
geographically. By the end of the Cretaceous
four of the seven families became extinct.
The Oligopygidae and Conoclypidae range
throughout the Lower and Middle Tertiary,
the latest known occurrence being late Mio-
cene. ‘

Detailed studies on morphologic features
and phylogenetic relationships of holectypoid
echinoids are reported in a series of articles
by Herperr L. Hawxkins which appeared
intermittently in the Geological Magazine
from 1909 to 1921. Of particular signifi-
cance among those are Hawxmns (1911,
1918).

Order HOLECTYPOIDA Duncan,
1889

[Holectypoida Duncax, 1889, p. 135]

Test hemispherical to globular or ovoid;
ambulacra petaloid or not, narrower than
interambulacra throughour; apical system
monobasal or with 4 or 5 genital plates;
girdle with or without interradial ridges,
well developed or rudimentary or lacking
in adult; teeth with lateral flanges; gill slits
present or not; periproct supramarginal to
inframarginal. L.jur.( Pliensbach.)-Rec.

Suborder HOLECTYPINA Duncan,
1889

[nom. trand. WacNern & Durmam, herein (ex Holectypoida
Du~can, 1499, p. 135)]

Ambulacra nenpetaloid; auricles radial;
gill slits distinct; interambulacral ornament
orderly; 5 genital plates except in Anortho-
pygidae. L. Jur. (Pliensbach.) - U. Crer
{ Senon. ).

Family HOLECTYPIDAE Lambert, 1899

[nomz, trand. Lamasat & Thifey, 1914 (ex Holectypinac
Lameert, 1899, wble app. p. 50} |

Genital plate 5 present; peristome and
periproct regular in outline. L.fur.(Pliens-

bach.)-U.Cret.(Senon.).
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Holectypus Desor, 1842, p. 65 [*Discosdea depressa
Acassiz, 1839, p. 88 (*=Echimites depressus
LeskE, 1778, p. 164); OD] [==Temnodiscus Lan-
BERT & Trifry, 1911, p. 280 (non Kokex, 1896);
Temuholectypus Laxpert & THiiry, 1925, p. 576
{tvpe, Holectypus circularis CoTTEAU & GAUTHIER,
1895, p. 75) 1. Oral side flat or concave; ambulacral
plates in groups of 3 orally: genital plate 5 im-
perforate; branchial slits well developed; periproct
large, marginal or inframarginal; internal buttresses

poorly  developed. L. Jur.{Pliensbach.j-U. Cret.
{Senon.}, Eu.-N.Am. Fic. 329,1a-¢c. *H. de-
pressies {Leser).  M.Jur.(Bajoc.), Eng.: lab,

aboral, oral, X0.7 (172); I, apical svstem, en-
larged  (196a) —-Fic. 329,1d. H. hemisphaeri-
cus (Lamarck), M.Jur.(Bajoc.), Eng.; adoral de-
tail of ambulacrum, enfarged (81},

Coenholectypus Ponen, 1883, p. 75 [*lolectypus
macropygus DEsor, 1842, p. 173; SD Hawkins,
1912, p. 430] [==Caenholectyprs Porer, 1883, p.
125 (nmom. =anil)). Similar w Holecrypus but
genital 5 perforate, Crer., Fu,-N.Am.-S.Am.

Coptodiscus Correav & GavTtHier, 1893, p. 108
[*C. nomtae; QL. Similar to Coenfolectypus ex-
cept for deep pits an plates and in sutures on oral
side. U. Cret. (Cenoman. - Senon.), Iran - Arabia-
Spain. Fra. 3292, *C. nomiae, Senon,, Iran;
2a, parc of oral surface; 24, part of abaral sur-
face, X 0.7 (210).

Discholectypus Pomzr, 1883, p. 75 [*Holectypus
mesler GauTHizr, 1476, p. ¥4; OD], Subhemi-
spherical; ambulacral plates in groups of 3
throughout; lantern and girdle unknown; primary
interambulacral wbercles large, in distinct vertical
rows. L.Cret,, Alg.-S.Tr. Fio. 329,3. *D. mesler
{Gavraier ), Alb,, Alg.: aboral, 1 (35).

Methalectypus Hawkins, 1923, p. 201 [*M, prech-
manni, O3], Small, subglobular; ambulacra of
simple primarics throughout; apical system minute,
genital plate 5 imperforate; periproct inframar-
minal, close to peristomne; lantern and girdle un-
known. Cret., Jamaica.

Family ANORTHOPYGIDAE
Wagner & Durham, n. fam,

Apical system ethmolytic; peristome trans-
versely elongate; periproct variable in out-
line. Crerf Alb.-Cenoman.).

Anorthopygus Cottear, 1869, p. 648 [*Nucleolires
orbicnlaris  GrateLove, 1836, p. 180; OD]
[=Pseudopilens ve Lontor, 1901, p. 29 (type,
Anorthopygus zumoffent ne Lorior, 1901, p. 30,
OD]. Ambulacra of simple primaries throughout
or with reduced plates arally; periproct large,
marginal or supramarginal, oblique, subrounded
or pyriform; pore pairs uniserial.  Cren(AlS.-
Cenoman.}, Eu.-N.Am. Fia. 330,1. *A. orbi-
culbaris (GratiLour), Cenoman., Fr.; la-c, post,

Echinodermata—Echinozoa—Echinoidea

aboral,

(274).

oral, X1; Id, apical system, enlarged

Family DISCOIDIDAE Lambert, 1899

inom. correct. WacNer & DURHaM, herein (pro Discoidesidac
Swsser, 1943, p. 35, mom. transf, ex Discoidinae LAMBERT,
1899, table opp. p. 50)]

Oral side flar; ambulacra with reduced
plates from peristome to ambitus or slightly
above ambitus, pore pairs uniserial adapical-
ly, in arcs of 3 orally; high ridges on peri-
gnathic girdle; well-developed internal but-
tresses; ornament orderly adapically, tending
to concentric pattern orally; periproct in-
tramarginal; gill slits distinct. Crez.
Discoides Parxinson, 1811, p, 20 [*Echinites subu-
cidns LEskE, 1778, p. 171; OD] [=Discodea

Gray, 1825, p. 429 (obj.); Discoidea Acassiz,
1835, p. 137 {nom. van.); Protocyamus GREGORY
in Lazwestrr, 1900, p. 316 (obj.)]. Aboral side
to subconical; ambulacra with reduced

plates from perisieme to ambitus; genital plate 5
imperforate, madreporite may extend to all genital
plates. Cret. (Adpt.-Turon.}, Eu.-N. Am. Fig.
330,3. *D. swbucuwla (Leske), Cenoman., Eng.
{3ab.f); Fr.l3c-e}; 3ab, aboral, oral, X1 (173);
3¢.d, int. mold, aboral and oral views, X1 (27a);
3e, apical system, enlarged (27a); 37, amb. plates,
enlarged (81).

Camerogalerus QUensTeDT, 1873, p. 411 [*Galerires
cylindricus Lasiarck, 1816, p. 23; OD] | —=Pitho-
dia Pomer, 1883, p. 75 (ob).); Psendodiscoides
LanmserT & THIERY, 1914, p. 282 (obj.)]. Me-
dium-sized to large, aborally highly inflated;
ambulacral plates numercus, reduced plates 1rregu-
larly above ambitus, demiplates much reduced
below ambitus; apical svstem small, gemtal plate
5 imperforate. U.Cret.(Cenoman.j, LEu. Fic.
330,5. *C. cylindrica (Lamaxrck), Fng.; Sa-c, lat,,
oral, 1at. mold oral view, X0.7 (173); 54, peri-
gnathic girdle, enlarged {196b); 5e. part of
ambulacrum, enlarged {81).

Dixonia WacNER & DurHAM, 1964, p. 170 | *Dis-
coidea dixeni Forers in Dixow, 1850, p. 341].
Test small; aboral side conical to subconical;
ambulacra with reduced plates from peristome to
above ambitus; genmital plate 5 perforate. Crer.
(Apt.-Turon.), Eu. Fic. 330,2. *D. dixom:
(Forees), Turon., Eng.; Za, lat, X1; 25, apical
system, enlarged (173).

Lanieria Duxcan, 1889, p. 158 [*Echinoconus
lanieri Cotreac, 1881, p. 11; OD]J. Small, globu-
lar to subglobular; ambulacral plates in groups of
3 except close to oculars; 5 perforate genital plates;
peristome small, gill slhits present; primary tubercles
in horizontal and vertical rows. U.Crer., Cuba-
USA. Fic. 330,4. *L. lanieri (CoTTEAD), Cuba;
4a-¢, aboral, oral, lat, x1 (30); 4d, cross sec.,
radiating walls connecting auricles with test,

conical
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x 1.8 (136f). [=Hawkinsia Lamsrrr, 1928, p.
21, mom. correct. JEaNNET, 1936, p, 581, pro
Haswkensia LAMBERT, 1928 (type, Coenholectypus
cubae Hawrins, 1913, p. 202).]

Suborder ECHINONEINA
H. L. Clark, 1925

[Echineneina H. L. Ctark, 1925, p, 176; emend. WaGNER &
Dursam, herein]

Ambulacra nonpetaloid; auricles radial
or lantern and girdle absent in adult; gill
slits indistinet or absent; interambulacral
ornament not orderly except in Conulus,
apical system tetra- or monobasal, 4 genital
pores. M.fur.( Callov.)-Rec.

Family ECHINONEIDAE
Agassiz & Desor, 1847

[nem. correer. WacNer & DURHAM, herein (pro Echinonéides
Acassiz & Desor, 1847, p. 143))

Ambulacra with reduced plates in part or
throughout; lantern and girdle absent in
adult (present in young of Echinoneus);
peristome oblique or elongate. U.Cret.-Rec.

Echinoneus Leske, 1778, p. 173 [*E. cvclostomas;
SD H. L. Crarxk, 1917, p. 101] [=FEchiranaus
Grav, 1825, p. 7 (nmom. van.) (obj.); Pseudo-
haimea Poseer, 1885, p. 118 (type, Haimea
delager PomEL; SD WAGNER & DURHAM, herein);
Koehleraster LamperT & Tméry, 1921, p, 331
(tvpe, Echinanens abnormalis pe Lorior, 1883, p.
41)]. Ovoid; ambulacral plates in groups of 3,
pore pairs uniserial adapically, in groups of 3 ad-
orally, pere zones slightly sunken; apical system
moncbasal; petistome oblique, irregular, buccal
membrane with small plates; periproct inframar-
ginal; twbercles perforate or imperforate, non-
crenulate;  globiferous, tridentate, cephicephalous,
and triphyllous  pedicellariae. [Echinonens van
Puristm, 1774, not accepted because the work
of this authar is not consistently binomial (ICZN
Code, 1961, Art, 11¢).] Oligo.-Rec., Eu.-W Indies-
IndoPac.-Australia, Fre. 331,2. *E. cyelosto-
nius, Rec,, Lord Howe Is.; 24,6, aboral, lat,, X1
(136f).

Micropetalon A. Acasstz & H. L. Crark, 1907, p.
251 [*M. purpwreum; QD). Like Echinoneus
except genital plates distinet; pore zones not de-
pressed, pore pairs without peripodia; primary
tubercles imperforate. Rec., Hawaii. Fic. 331,
5. *M. purprrenm; 5a,b, aboral, oral, X2 (323).
Palcoechinoneus Grant & Hertisme, 1938, p. 105
[*P. hanrpai; OD]. Ovoid; ambulacral plates in
groups of 3 throughout, pore pairs uniserial ad-
apically, iz arcs of 3 adorally; pore zoncs not de-
pressed; peristome clongate along HI-5 axis; apical
system  tetrabasal;  periproct marginal, slightly
cblique; primary tubercles numerous, perforate,
scrobiculate, U7.Cret., USA(Calif.)-Mex.

U445

Family CONULIDAE Lambert, 1911

[nome. corvect. Wagrer & DUrtaM, herein (pro Conulusidae
Tameert, 1911, p. 27)!

Ambulacra with reduced plates; girdle

continuous, ridges low; pore pairs uniserial
or in arcs of 3 orally; ornament not orderly
except Conulus; peristome round to oblique.
M Jur.(Callov.)-Eoc.
Conulus Leskx, 1778, p. 161 [*C. albogalerus;
OD) [=Echinites Leskg, 1778, p. xvii1 {type, E.
albogalerns—=Connlus  albogalerns; SD  WacNER
& Dournan, herein)  (ob).) (non MiLLER &
TRoscrEL, 1834, nec Dunecan, 1889); Pyring Dis-
sourins, 1835, p, 192 (see following note) (type,
Niucleolites  castanca  Bronewiarr, (822; 8D
Couke, 1946, p. 220); Conulopyring Hawkixs,
1921, p. 420 (type, €. anomala)}. Oral side flar,
aborally hemispherical two  highly conical; apical
systern ethmophract; peristome  slightly  elongate
along III-3 axis, gill slits rudimentary, auricles
low; periproct ovate, inframarginal, larger than
peristome; 4 genital plates, perforate; interambula-
cral tubcreles numerous, in diagonal pattern ad-
rachally and interradially to central tubercle. U.
Cret., Fu.-M.Afr.-Asia-N.Am, Fre, 3314, *C.
albogalerus, Senon., Eng.; 4ab, lat, oral, X0.7
(191a); 4¢, perignathic girdle, X3 (1986b); 4d,
adoral part of ambulacrum, enlarged (81),

[Contrary 1o the opinions of Lamerrr {I1911), Hawming
(1919, and MorTensex (1948), Pyrina perrocoriensis Des-
MoULINg, 1837, cannot be the type of Pyrima Desmeviis,
1835, as it was nor included in the original list of species
assigned o the genus. Cooxk’s 1946 designation of Nacleo-
lites castanea BrovoN1ant, 1822, one of the species origin-
ally referred to the genus, makes Pyrima Drsmoviins, 1535,
(now wuctcrum} o subjective synonym of Conules Liske,
inasmuch as N. castaned has long been accepted as a typical
member of Conulus.]

Galeraster Cotteau, 1890, p. 548 [*G. ausrraliae;
Ol}]. Test rounded or slightly elongate posteriorly;
apical system unknown in type-species, in other
species with 4 perforate genital plates; periproct
marginal; tubercles perforate, crenulate. Crer.-Eac.,
sunken; twbercles perforate, crenulate. Eer., Au-
stralia-Fr, Fic. 331,6. *G. australize; 6abh,
oral, post., %0.75 (136f).

Globator Acassiz, 1840, p. 7, 16 [*G. nuclens; O]
[=Pyrina auctr. (non Dzsmourins, 1835, see
note under Conulus); Pseudopyring LAMBERT,
1908, p. 49 (type, Nucleolites orulum 1.aMarcx;
0OD)]. Test round or elongate, orally flattened to
slightly concave; pore pairs uniscrial, pore zones
flush te slightly sunken; 4 genital plates; peristome
round or oblique; periproct marginal or supra-
marginal; tubercles perforate, crenulate. Crer.-Eoc.,
Eu.-Medit.-Madagascar-India-W . Indies-Brazil-USA.

Fic, 331,1. *G. nuclens, Senon., Belg.; Ia-c,
aboral, oral, post.,, X 1.3 {142}.

Pygopyrina PomEL, 1883, p. 54 [*Desorella icau-
nensis CotTrav, 1855, p. 711 (=Desoria icaunen-
sis Cotrravu, 1855, p. 224); OD] [=Conodoxus
Pomer, 1883, p. 74 (genus without species);
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Nucleopyrina Pomzr, 1883, p. 53 (type, Pyrina
eylindrica Gras, 1848, p. 45)]. Like Globator ex-
cept pore pairs in arcs of 3 adorally; periproct
supramarginal. M. Jur. (Callop.)-U. Cret. (Ceno-
man.), Eu.-Asia. Fic. 331,3. *P. icaunensis
(Correav), U.Jur.,, Oxford., Fr.; aboral, X1
(27b).

4c

Galeraster

Echinodermata—Echinozoa—Echinoidea

Family GALERITIDAE Gray, 1825
[Galeritidae Gray, 1825, p. 428]
Ambulacra of simple primaries through-
out; pore pairs uniserial; interambulacral
ornament not orderly; 4 genital pores. U.

Cret.(Senon.).

Echinoneus |

g

W

Fie. 331. Echinoneidae (2,5); Conulidae (1,3-4,6) (p. U445-U446).
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Galerites Lamarck, 1801, p. 19 [*Echinites vul-
garts LESKE, 1778, p. 165; OD] [=Adelopneustes
GAUTHIER, 1889, p. 52 (type, A. lamberti THOMAS
& GavuTtHier, 1889, p. 53); Pironaster MUNIER-
Cuarmas, 1890, p. 181 (type, Echinoconus roemeri
p'OrBIGNY, 1853, p. 545); Conulopsis Hawkins,
1912, p. 455 (obj.)]. Hemispherical to subconical;
pore pairs diagonal, pores minute adorally; peri-
stome round or pentagonal; rudimentary bourrelets
present in some; periproct inframarginal, round;
tubercles perforate, crenulate. U.Cret.(Senon.), Eu.

Fic. 332,1ab. *G. vulgaris (LEskg), Ger.;

Ia,b, aboral, oral, X1 (186). Fic. 332,Icd.

G. roemeri D'OrBIGNY, Ger.; Icd, details of

ambulacrum, adoral, adapical, X8 (136f).[=Echi-
noconus D'ORBIGNY, 1853, p. 29 (0bj.).]

Family UNCERTAIN

Cluniaster Jeanxer, 1934, p. 6 [*C. rhenanus;
OD]. Ovoid to subglobular; ambulacra of directly
opposed primary plates, pore pairs uniserial; apical
system unknown; indistinct branchial slits; peri-
proct in slight groove. [Genus based on 2 poor
specimens; peculiar structure possibly due to
preservation.] L.Cret.(Hauteriv.), Switz. Fic.
332,3. *C. rhenanus; diagram of part of ambula-
crum, enlarged (198).

Mattsechinus Taifry in CoLLiGNON & LAMBERT,
1928, p. 269 [*M. collignoni: OD]. Globular;
ambulacra of small primary plates only, pore pairs
in irregular triads; periproct inframarginal; peri-
stome somewhat sunken; tubercles perforate, in
vertical series aborally, U.Crez.(Senon.), Eu.(Aus.).

Fi6. 332,2. *M. collignoni; 2a,b, aboral, post.,

1 (182).

Suborder CONOCLYPINA
Haeckel, 1896

[nom. eorrect, DurHaM & MELvitie, 1957, p, 256 (erroneous-
ly credited to ZiTTEL, corrected on p. 270) (pro Conoclyparia
Haecker, 1896, p. 486)]

Ambulacra petaloid or subpetaloid; pores
of petals at least partly conjugate; auricles
interradial; ornament not orderly; apical sys-
tem monobasal, 4 genital pores. U.Crer.

(Senon.)-Mio.

Family CONOCLYPIDAE Zittel, 1879
[Conoclypidae Zrrter, 1879, p. 515]

Corona large, hemispherical; ambulacra
petaloid; bourrelets conspicuous; periproct
large; peristome with oral funnel; pores
widely separated in petals, outer pore elon-
gate. Eoc.-Mio.

Conoclypus Acassiz, 1839, p. 61 [*Clypeus conoi-
deus LeskE, 1778, p, 159; SD LamserT & Tuifnry,
1914, p. 286]. Test slightly elongated posteriorly,

Mattsechi

Cluniaster

Fic. 332. Galeritidae (1); Family Uncertain (2-3)
(p. U447).

2a
nus
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high, flattened orally, margin fairly sharp; ambula-
cral plates all primaries except near peristome,
periproct inframarginal, oval; primary tubercles

Qviclypeus

Fic. 333, Conoclypidae (p. U447-U448).

Echinodermata—Echinozoa—Echinoidea

perforate, crenulate. Eoc., Medit.-Madag.-India-
fBrazil; Mio., Italy. Fic. 333,la,b. *C. conoi-
dews (Leske), M.Eoc., Fr.; Iab, aboral, oral,
0.3 (27f). Fic. 333,1c,d. C. aequidilatatus
Acassiz, Eoc., Eu.(Aus.); le, half test int. with
auricles and funnel, ¥0.8; Id, vert. sec. showing
funnel and auricle, 0.8 (52).

Oviclypeus DanmEs, 1877, p. 44 [*O. lorioli; OD].
Similar to Comoclypens but lower, margin more
rounded: periproct marginal; outer pore only
slightly larger than inner pore: petals terminate
more abruptly distally. Eoc., Ttaly. Fic. 333,2.
*0. lorioli; 2a,b, aboral, oral, X 0.3 (41).

Family OLIGOPYGIDAE Duncan, 1889

[nom. transl, WacNER & DurHam, herein (ex Oligopyginae
Duncan, 1889, p. 173)]

Small to medium-sized; periproct small;
without oral funnel; auricles partially re-
cumbent. U.Cret.(Senon.)-Oligo.

Oligopygus pE Lorior, 1887, p. 394 [*0. wether-
byi; OD]. Slightly concave orally, deep depres-
sion around peristome; anterior petal usually long-
est, pores subequal, conjugate; apical system sub-
central; periproct inframarginal; tubercles imper-
forate, noncrenulate, U.Eoc.-Oligo., trop. Am.
Fic. 334,5. *O. wetherbyi, UEoc., USA(Fla.);
Sa-¢, aboral, .oral, lat., X0.7 (205b).

Bonaireaster Piypers, 1933, p. 84 [*B. ruttent;
OD]. Test rounded pentagonal, orally flat; am-
bulacra petaloid, pores conjugate; periproct infra-
marginal; peristome small, round; auricles small,
separate; tubercles very small, dense, deeply scrobi-
culate. Eoc., W.Indies. Fic. 334,6. *B. rutteni;
6a,b, aboral, oral, X1 (215); 6¢, peristome and
girdle, X2 (52).

Haimea MicuEeLiy, 1851, p. 56 [*H. caillaud; OD]
[=Pauropygus Amrnorp & CLARK, 1927, p. 30
(type, P. platypetalus)]. Ovoid; ambulacra sub-
petaloid to petaloid, pore pairs conjugate; peristome
pentagonal; periproct inframarginal; tubercles nu-
merous, small, scattered. Eoc., W .Indies-Senegal.

Fre. 334,4. *H. caillaudi, W.Indies; 4a-c,
aboral, oral, lat., X1 (209).

Microlampas Correau, 1889, p. 101 [*M. conicus;
OD] [=Microsoma CorrEavu, 1887, p. 7 (obj.)
(non Microsoma CorTEau, 1886)]. Outline round,
oral side flat, peristome sunken; petals long, nar-
row, pores subequal, faintly conjugate, from near
ambitus to peristome single pores only; apical sys-
tem monobasal; peristome pentagonal; periproct
round, marginal. Eoc., Spain. Fic. 334,3. *M.
conicus; 3a,b, aboral, post., X 1.5 (33).
Ovulechinus Lansert, 1918, p. 19 [*0. pilula; SD
LamuerT, 1920, p. 4]. Ovoid to semiglobular;
ambulacral slightly petaloid; periproct marginal;
tubercles very small, scrobiculate. U.Cret.(Senon.),
Fr. Fic. 334,1. *0. pilula; lab, aboral, oral,
w1 (110). [Transfer to p. U523.]
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Amblypygus

Fic. 334. Oligopygidae (1-6); Family Uncertain (7-8) (p. U448, U450).
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Protolampas Lamserr, 1918, p. 37 [*Echinolampas
arngadi Corteau, 1891, p. 155; OD]. Outline
oval, oral side pulvinate; pores conjugate, outer
pore elongate; apical system anterier; periproct
marginal, Paleog.(Dan.), Fr. Frc. 334,2. *P.
arnaudi (CoTTeAU); Za-c, aboral, oral, post, X1

(1361).

Suborder UNCERTAIN
Family UNCERTAIN

Amblypygus, Echinogalerus, and Rhopo-
stoma lack the floscelle of the Cassiduloida
and generally resemble the Echinoneidae in
gross morphelogy and lack of a lantern but
differ from them in having the ambulacra
more or less petaloid. The petaleid char-
acter and general morphology also suggest
Oligopygus of the Oligopygidae, but they
differ from typical members of the latter
family in lack of a lantern and presence of
a large periproct.
Amblypygus L. Acassiz, 1840, p. 5, 17 [*A4. dilata-
tus Acassiz & Desor, 1847, p. 167; SD Duwcan
& Svapen, 1883, p. 15 ] [=Semiclypens Evmar,
1898, p. 48 (type, S. pretiosns)]. Circular to
ovate, low-arched to high subconical, flatened
orally, margin tumid; ambulacra petaloid, pores
conjugate, outer pore elongate, pores small ad-
arally; apical system apparently tetrabasal; peri-

Echinodermata—Echinozoa—Echinoiden

stome sunken, subrounded 1o oblique; periproct
large, pyriform, inframarginal; tubercles perforate,
crenulate; no evidence of girdle or lantern in adult.
Eoc.-Olige., Circummedit,-Madag.-India-W .Indies-
USA (Fla.-Calif.). Fie. 334,7. *A. dilatatus
(Acassiz & DEsor), Eoc., Fr.; 7a-c, aboral, oral,
profile views, X1 (27e).

Echinogalerus Kénic, 1825, p. 171 [*Echinites pei-
tiformis WAHLENBERG, 1818, p. 49; SD LamseRrT,
1897, p. 20]) [==Caratomus L. Acassiz, 1840, p.
7, 16 {wype, Catopygus avellana Durors, 1843, pl.
1, fig. 19-21) (=Caratomella StRaND, 1928, p.
38, nom. subst.)]. Small, outline round or oval,
low-arched aborally, slightly convex orally, may
be subrostrate posteriorly; ambulacra subpetalod,
pores not comjugate, pore pairs uniserial through-
out: apical system tetrabasal; periproct subtriangu-
lar or transverse oval, inframarginal; peristume
elongate or oblique. U.Crer.f Cenoman.-Scnon.),
Fu.-N. Am.(Baja Calif.). Fic. 334,8a,6. *E.
peltiformis {WanLeNrERG), Sweden; 82,6, aboral,
oral views, X1 (142), Fic. 334,8¢c-e. E. trun-
catns D'ORBIGNY; 8c-e, aboral, oral, profile views,
¥ 2.5 (142). [=Rostrogalerns Lamsert, 1911, p.
30 (wype, Caratorins rostratus Drsor, 1842, p. 38;
OD).]

Rhapostoma Cooke, 193%, p. 26 [*Ananchytes
cruciferns Morton, 1830, p. 245; ©D]. Like
Echinogalerus except periproct  supramarginal,
Palece., USA.

CLYPEASTEROIDS
By J. Wyatr DurHAM

{University of California (Berkeley)]

INTRODUCTION

The clypeasteroids are a well-circum-
scribed group of echinoids that live on or
beneath the surface of the sea floor, largely
within the sublittoral and lirtoral zones.
Species that live in a horizontal position
are approximately symmetrical. A few
species typically live in an inclined position
with the anterior part of the test buried in
sediments and the posterior part projecting
above the floor. Such species (e.g., Dendras-
ter excentricus and rotulinids) have the an-
terior and posterior regions differentiated,
either in symmetry or by morphological
modifications.

The shape of the test varies from oveid
(e.g., Fibularia), to campanulate (eg.,
Clypeaster), o discoid {(e.g., Clypeaster,
Dendraster). Internal supports are mast
highly developed in extremely flattened

species. The ambitus in the flattened genera
varies from rounded (e.g., Laganum) to
acute (e.g., Echinodiscus). In species with
acute margins the total number of plates on
the oral surface is established at an early
ontogenetic stage, and thereafter growth on
this surface is by enlargement of pre-exist-
ing plates (Fig. 335). On the aboral surface
new plates are added throughout life and
it appears that refative ages can be estab-
lished by comparing numbers of plates with-
in the petals (51).

During ontogeny the plates, particularly
thase on the oral surface and marginally
on the aboral surface, may change shape
greatly. These changes are greatest in the
highly flattened species and least in those
with ovoid tests. They are necessitated by
the change from the immediate post-meta-
morphosis depressed spherical test to a dis-
coidal test.
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The petals (Fig. 336,1) are restricted to
the aboral surface and distally they vary
from wide open to closed. Within the petals
all plates may be primaries (Fig. 336,2) or
they may include both demiplates (Fig.
336,3) and primaries. Inasmuch as groups
of primary and demiplates are not bound
together by a single large primary tubercle
as in regular echinoids, this condition is
here termed pseudocompound. Although
sutures between most plates are normal to
the surface, the adradial suture around the
petals is inclined, with ambulacral plates
overlapping the interambulacral. The pores
for the respiratory tube feet within the petals
are always paired. They are simple in some
genera {c.g., Echinocyamus), but in more
specialized genera (e.g., Encope, Scutella)
the outer pore is subdivided (see Fig. 337).

In some clypeasteroids the single primor-
dial (basicoronal) interambulacral plate is
separated from subsequent interambulacrals
by enlargement of adjacent ambulacral
plates during ontogeny (Fig. 335). Once
developed, this condition (discontinuous in-
terambulacra) is characteristic of a given
stock and perststent in adults (Tig. 338).
Adapically, the clypeasteroid intcrambula-
cral area may terminate {see Fig. 339) in
either a double column (Clypeasterina,
Scutellina) or single column (Laganina,
Rotulina) of plates.

The distribution, occurrence, and char-
acter of the clypeasteroid accessory tube
feet (see Fig. 340, 341), except in the fam-
ily Arachnoididae where they occur in
bands parallel te conspicuous linear rows
of tubercles, have been ignored by most in-
vestigators, with the notable exceptions of
MortTensex, Lovén, and NicHors. The size
of the pores for these tube feet varies great-
ly, even in the same species (see Fig. 340,6),
but they are invariably smaller than pores
far the respiratory tube feet. Their distribu-
tion varies greatly, but has not been sys-
tematically studied, They are present within
and around the petals in many groups (sec
Fig. 340,1,5,7) but are absent in this area
in the family Mellitidae (sec Fig. 341,7a).
Preliminary surveys appear to indicate that
their distribution is significant ar all taxo-
nomic levels, including species,

Although poorly known, an intercon-
nected system of canals occurs in the in-

Fic. 335. Dendraster excentricns (EscHscROLTZ).

Ontogeny of oral surface. Growth series from diam-

cter of 4 mun. (A4) to 21 mm. (F) enlarged to

standard size to show changes in shape and rela-

tionships of plates produced by differential periph-
eral growth of plates (51).

terior of both ambulacral and interambula-
cral plates of many genera. Scuarrer (150)
has described this system in some specics of
Seutells and named it the microcanal sys-
tem (see Fig. 342). Unpublished ohserva-
tions by Wacner on Encope show that
these canals arc occupied by extensions of
the coelomic cavity and that branches of
the water-vascular system leading to the
accessory tube feet ramify through them;
also, the ampullae for these tube feer are
suspended within them. It secms probable
that the “double wall” of the test present
in some species of Clypeaster and a few
other genera ts another modification of this
microcanal system.

Internal supports of the test are absent in
Fibularia, but in flattened genera they may
be exceedingly complex in distribution and
construction. ScHafFFerR (150) has termed
the resulting pattern of internal cavities be-
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tween the upper and lower walls of the No resarption occurs around the peri-
test the macrocanal system. He has also  stome, and as a result, the primordial plates
provided a detailed system of nomenclature  are also the basicoronal plates. Within the
for ramifications of both canal systems. different stocks development of the primor-
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Fii. 336. 1. Morphology of clypeasteroid petals: Ia, Heliophora orbiculus (Linni), amb I (X2.8); 15,

Rotula deciesdigitata (LLeske), amb V (X 1.8): I¢, Laganum laganum (Leskr), amb 11 (xX2.4): 1d, Dend-
raster excentricus {EscrscroLTz), amb [V (X (1L.9); le, Mortonia australis (DESMOULING), amh IV {x8.6):
1}, Fellaster selandiae (Gray), amb IV (X2.1}; lg, Clypeaster vavenelii (A, Acassiz), amb IV {3 1.0);
1h, Jacksonaster depressum (LEsson), amb 1V (X 2.3)s li, Fehinarachnius parma (LaMaRCK), amb IV
(X 2.3); Ij, Clypeaster prostratus (Ravener), amb IV (X 1.9); 1%, Leodia sexiesperforata (LESKE), amb
IV (X2.5); Il Mortenella quinguejaria (Sav), amb [V (X2.5); 1m, Astriclypens manni (VERRILL),

amb T (1.7} {51). 3. Dia-

2. Diagram of primary plates in peral of laganid clypeasteroid (136g). .
gram of pseudocempound plates in petals of clypeasteroids; 3a, neolaganicl ( Weisbordella); 35, clypeastenid
{ Clypeaster) (3a, 51; 35, 136g).
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Fii. 337. Cross section of pores for respiratory tube feet in Scutelle (after Scuarrer, 217},
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Fic. 338. Evolution of interambulacra on oral surface of Clypeasteroida. Interambulacra in black; vertical
spacing proportional to time except for Pleistocene (Durham, n).
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Fio., 339. Apical termination of clypeasteroid interambulacra (enlarged): A, Clypeaster ravenelii (A.

Acassiz), Recent, Gulf of Mexico: B, Laganum lagamem (Lrske), Recent, New Hebrides; €, Heliophora

orbicuins (Liuwg), Recent, Loanda, Angola; D, Sanchezella sanchezi (LaMBERT), upper Eocene, Cuba; E,

Tarphyvpygus clarki (Lamper1), upper Locene, Cuba; F, Encope grandis L. Acassiz, Recent, Gulf of Cali-
fornia. Interambulacral areas stippled (51).
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larger than the interambulacral plates, but
In remaining families the trend is toward
increasing size of the interambulacral plate.

dial plates is very characteristic. The ar-
rangement in Echinocyamus (see Fig, 343,

Ia) and other fibulariids is primitive and
reminiscent of that in regular echinoids. In the astriclypeid genus Amphiope (see

Among clypeasterids the primordial am- Fig. 345,4) the size relationships are almost
bulacral plates (see Fig. 344,1,2) are much  completely reversed from those in Cly-

pores for accessory
tube feet S 0000
PRGN o[;%

respiratory
tube feet
pores

peres for
* accessory f
s’ tube feet
[

-
pores for o

buceal * 4

tube feet ® » pares for
., buccal
.. tube feet
*’s
* o
* e
*»
- e

5 pores for respiratory

tube feet in petals

pores for small
accessory tube feet 6

pores for larger
accessory tube
in food groove

pores for respiratory tube feet in petals

Fia. 340. Pores for accessory tube fect in Clypeasteroida {pores in black): 1,2, Echinoeyamus prsillus

{MOLLER), aboral, oral, X% (2lla); 3, Clypeaster ochrus Crark, adorally, interambulacrum 5, X} 1%

(136g); 4.5, Laganum laganum (Leske), adapical and adoral ends of ambulacrum, X15 (136g); 6,

leodia sexiesperforata {LEske), portion of interambulacrum, including branch of food groove, on oral

surface, X530 (Durham, n); 7.8, Arachnoides placenta (LINNE}, “combed” area in petal, oral “combed”
area, X 20 (136g).
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anal lunule

b

Fic. 341, Ia,b, Encope grandis Acassiz, aboral and
oral surfaces, showing distribution (stippled areas)
of accessory tube feet, X 0.67 (Wagner, n).

Frc. 342. Microcanal system in interambulacral and
adjacent ambulacral plates on oral side of Scutella
vindobonensis secunda ScuarFer, X 0.7 (217).

Echinodermata—Echinozoa—Echinoidea

peaster. In all groups except the rotulinids
only the usual ten ambulacral and five in-
terambulacral basicoronal plates are pres-
ent, but in the Rotulina 20 plates occur (see
Fig. 344,4). Seemingly, one of the first post-
primordial plates here has become incor-
porated into the row around the peristome.
The means by which this insertion occurs
has not yet been studied, but examination
of an ontogenetic sequence should furnish
the necessary information.

(en-
larged): la, Echinocyamus pusillus (MULLER), Re-
cent, Eurape; 16, Tarphypygus clarki (LAMBERT),

Fic. 343. Clypeasteroid basicoronal plates

upper Eocene, Cuba; Ic, Scutella subrotunda

(Leske), “Oligo-Miocene,” Malta; 1d, Periarchus

lyelli pileussinensis (RAvENEL), upper Eocene, Geor-

gia; le, Remondella gabbii (Rimonp), upper Mio-

cene, California; 1f, Astrodapsis  brewerianus

(Rémonp), upper Miocene, California. Interambula-
cral plates stippled (51).
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Fic. 344, Clypeasteroid basicoronal plates {en-
larged): 1, Clypeaster rosacens (LINNE), Receat,
Florida; 2, Clypeaster reticulatus {LinnE}, Recent,
Philippine Islands: 2, Arachnoides placenta (LINNL),
Recent, cast coast of Sumartra; 4, Heliophora orbi-
ctiltis (LinnE), Recent, Loanda, Angola; 5, Laga-
num laganum (LEske), Recent, New Hebrides; 6,
Neolaganum archerenss (TwitcHerL), upper Eo-
cene, Florida. Interambulacral plates stippled (51).

The periproct varies in position from
supramarginal to close to the peristome
(Fig. 346). Food grooves (Fig. 347) lead-
ing to the peristome are absent in a few
fibulariids and clypeasterids but become ex-
ceedingly complex and well marked in
scutellinids. Their presence is apparently
correlated with the development of numer-
ous small accessory tube feet outside the
petals as a food-gathering mechanism.

The primary spines {see Fig. 348) vary
from very dense to scattered, but all adults

07457

have several to a plate. Terminally the
spines may be either pointed or club-shaped,
the latter type producing a mosaic pavement
effect in some forms (Fig. 349), The pri-
mary spines are usually longer on the oral
surface. The miliary spines (see Fig. 350)
are smaller and shorter and of considerable
value in recognition of suborders.

5

Ao
) “r’K
plates
larged): 1, Encope emavginata (Lesks), Recent,

Fia. 345, Clypeasteroid basicoronal (en-
Gulf of Mexico; 2, Mellita quinguiesperforata
{Leskr), Recent, Gulf of Mexico; 3, Vaguerosella
vaguerosensts (Kew), lower Miocene, California;
4, Amphiope biorulata (DesmouLrins), Miocene,
Europe: 3, Pseudoastrodapsis nipponicus  (Nist-
vama), “Mio-Pliocene,” Japan; 6, Eoscntella coosen-
sis {KEw}, upper Eocene, Oregon. Interambulacral
plates stippled (51).
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Fic. 346. Evolution of periproct position in Clypeasteroida. Diagrammatic profiles with pusition of peri-

proct indicated by arrow. Minimum {in parentheses) and maximum (in brackets) numbers of plates

berween periproct and primordial plates indicated for each; vertical spacing proportional to time except
far Pleistocene {Durham, n).

In cross section the primary spines have a
hollow axis and are quite diverse in their
structure {see Fig. 351). Pedicellariae (see
Fig. 352) include tridentate, ophicephalous,
triphyllous, and globiferous types. The last-
named type has been recorded only in the
genus Frbulariella. The tubercles for attach-
ment of the primary spines are usually per-
forate and crenulate, but it is dificult to
determine their character on many minute
species,

Internally, the auricles (see Fig. 353} for
attachment of muscles from the lantern are
separate as in most echinoids and rest on
the margins of the primordial ambulacral
plates in the Clypeasterina (see Fig. 353,
3,5,6) but are fused together forming one
process and rest on the primordial inter-
ambulacral plates in the remaining sub-
orders (see Fig. 353,1.24,7.8).

Characteristic  calcareous spicules and
plates of various sorts (Fig. 354) are pres-
ent in the tube feet, internal organs, and
periproctal region and on the buccal mem-
brane, but have not yet been reported as
fossils.

As recorded to date, clypeasteroid genera
increase in abundance from two in the
latest Cretacecus to a maximum of 36 in
Miocene and then wane to the 24 currently
recognized in the living fauna (see Fig.
355). Knowledge of the group in tem-
perate latitudes of the southern hemisphere
1s very limited.

The group seems to have been derived
from some member of the suborder Holec-
typina in the Late Cretaceous. The cly-
peasteroid species {of Fibularia and Echino-
eyamus) reported from the late Senonian
already have the periproct in a specialized
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Fra. 347. Development and evolution of food grooves on oral surface in Clypeasteroida. Vertical spacing
proportional to time except for Pleistocene (Durham, n}.

position and presumably have only a single
interambulacral plate adapically, thus indi-
cating that more primitive genera are to be
searched for in the Cretaceous.

The inferred phylogeny of the group in-
dicates that three of the four suborders were
already very distant from one another by
mid-Eocene time (see Fig. 356), The fibu-
lariids, often considered to represent the
ancestral stock of other clypeasteroids, are
primitive in most characters but have fused
auricles and the periproct in a specialized
(adoral) position by the latest Cretaceous
and thus the known members cannot be

ancestral to other groups where these char-
acters are less advanced. This interpreta-
tion implies that members of the suborders
Clypeasterina and Scutellina, as well as less
specialized laganinids, are still to be dis-
covered and that many of the intermediates
between these groups are still unknown,
The Late Cretaceous and Paleccene are in-
tervals that should be particularly reward-
ing in the search for these “missing links.”

Members of this order have been consid-
cred mn detai]l by L. Acassiz (1841), Dur-
Ham (1955), Lamsert & Taiery (1909-
1925), and Morrensen (1948). A pre-
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viously unrecognized morphological feature
(the microcanal system) was recently de-

scribed by Scuarrer (1962).

57
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Fic. 348. Primary spines of clypeasteroid echinoids.
1. Scaphechinus mirabilis A. Acassiz, X45,
aboral. 2. Dendraster  excentricus  (Escn-
scHoLTZ), X535, aboral. 3. Mortonia australis
(DEsmouLINs),  X25. 4,  Fibularia ovulum
Lamarck, X43. 5. Echinodiscus bisperforatus
Leske, X80, aboral——6. Echinodiscus bisper-
foratus LEske, X80, oral. 7. Arachnoides pla-
centa (LinnE), X 40, interambulacral. 8. Arach-
noides placenta (LinnE), X553, from combed area.
9. Clypeaster rotundus (A, Acassiz), X553, ab-
oral. 10, Jacksonaster depressum  (LEsson),
%100, point only. 11. Heliophora orbiculus
(LinnE), X 75, aboral. 12. Rotula deciesdigitata
(LEsKE), X 75, abaral (51, after 136g).

Fic. 349. Mosaic pavement effect produced by
enlargement of tip of spines in Encope wetmorei
Crark (180).

Order CLYPEASTEROIDA
A. Agassiz, 1872

[nom, transl. DurHAM & Mervitie, 1957, p. 259 (ex sub-
order Clypeastridae A, Acassiz, 1872, p. 304, 375)]

Test ovoid to flattened, with petaloid am-
bulacra invariably as wide or wider than
interambulacra on oral surface; genital
plates fused; primary tube feet respiratory,
restricted to petals; accessory tube feet nu-
merous, extending outside petals, in some
forms reaching into interambulacra; peri-
stome small, no gill slits; lantern without
compass, teeth without lateral flanges; test
usually with internal supports; spines small,
short, numerous, of two types; pedicellariae
tridentate, ophicephalous, triphyllous, and
globiferous. U.Crez.( Maastrichz. )-Rec.

Suborder CLYPEASTERINA
A. Agassiz, 1872

[nom. correct. DurHAM & Mruvitie, 1957, p. 259 (pro sub-
order Clypeastridae Acassiz, 1872, p. 304, 375)]

Test with internal supports; petals with
pseudocompound  plates;  interambulacra
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Fic. 350. Miliary spines of clypeasteroids (51, after
136g) ——1.2. Clypeaster; 1, C. japonicus DODER-
LEIN, X 55; 2, €. votundus (A. Acassiz), X635
3. Arachnoides placenta  (LinNg), X55.—4.
Scaphechinus mirabilis A. Acassiz, X100, aboral.
5. Echinarachnius parma {Lamarck), X100,
aboral. 6. Peronella  japonica  MORTENSEN,
x 150, 7. Fibtlaria cvulum Lamarcx, X105,
———&. Mortonia australis (Desmourins), X105,
——9, Heliophora orbicidus (LinNE), X 75, 14,
Scutellinid, X 75.

discontinuous, terminated adapically by pair
of plates; apical system pentagonal or stell-
ate, apices interambulacral; auricles separ-
ate; aboral miltary spines simply pointed.
U.Eoc.-Ree.

The petals consist of regularly alternating
primary plates and demiplates. The primor-
dial interambulacral plate is separated from
the younger plates by one and a half or
more pairs of adjacent ambulacral plates.
The earliest known species (Auversian)
have discontinuous interambulacra, while all
possible ancestors have continucus inter-
ambulacra, indicating that intermediate spe-
cies are yet to be found,

The known Arachnoididae (except Fos-
sulaster) have the pores for accessory tube
feet outside the petals arranged in linear
groups (Fig. 340,7-8), alternating with
rows of tubercles, producing a characteristic
“combed” effect.

U461

Fic. 351. Primary spines of clypeasteroid cchincids

in  cross  section. 1-4.  Clypeaster reticulatus
(LiNng), X 1505 C. Ammalis (Leskz), X105; €.
annandalei Xownier, XN, C. lamprus H. L,
Crark, X80. S, Arvachniides placenta (LinnE),
% 135.——6, Fellaster zelandice (Gray), X135,
—7. Mortonia ausiralis (Desmonninsy, X180,
— 8. Jacksonaster depressum  (LEsson), X180,
9. Hupea decagonalis (Lesson), X 180——I.
Dendraster excentricus (Escnscuorrz), X150 ——
11, Scaphechinus mirabifis A, Acassiz, ¥ 150.——
12, Kehinarachnius parma (LaMaRck}, X150.——
13, Heliophora orbiculus (Linwg), X275,
14-15. Clypeaster vosacens (LINNE), X653 C.
humilis (Leskr), X140, aboral. 16. Peronella
japonica MorTENSEN, X 150,
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Fic. 352. Pedicellariae of clypeasteroid echinoids

(5t, after 136g). 1. Jacksonaster depressum
(Lesson), X 80.——2. Laganum judsiyama DODER-
LEwN, X 125.——3,4.  Clypeaster  australasiae

(Gray), X180; €, fervens KorHLEr, X42. 5.
Laganum dickersani keiense MorTenseN, X125,
—§-8. Clypeaster australusize (GRav), X180;
C. rarispinus pE MEuiers, X70; C. subdepreisus
Gray, X27. 9. Leodia sexiesperforata (Leskr},
%160, |Figs. I, 4, 8, tridentate; 2, 3, triphyilous;
5-7, ophicephalous; 9, “bidentate™; I-6, single
valves; 7-9, complete valves: 8, 4-valved, tridentate
type.}

Family CLYPEASTERIDAE L. Agassiz,
1835

[mom. correcy, WOrelcHyY, 1851, p. 121 (pro Clyplastres
L. Acassiz, 1835, p. vii) |

Five genital pores; food grooves simple,
poorly defined; buccal membrane naked;
primordial interambulacral plates usually
greatly reduced; no “combed™ areas. U.Eoc.
( Auvers.)-Rec.

Echinodermata—Echinozoa—Echinoidea

Clypeaster Lamarck, 1801, p. 341 [*C. rosacens
{—*Echinus rosaceus Lisnwg, 1738, p. 665); SD
DessouLins, 1835, p. 183] [==Scutum Schvu-
wmacHeR, 1817, p. 33 (obj.); Echinanthus Gray,
1825, p. 427 (nom Lpske, 1778) (obi.); Nycti-
mene Gisti, 1848, p. 175 (non BORKHAUSEN,
1797; nec Monrris, 1837) (ob).); Rhaphideclypus
A. Acassiz, 1863, p. 25 (type, R. scutiformis A.
Acasstz, —Hchinus reticulotus Linsg, 17538, p.
666; S} Lamsexr & Twifry, 1914, p. 301);
Stolonoclypus A. Acassiz, 1863, p. 25 (iype, S.
placunarins A, Acassiz, —Echinanthus humilis
Leske, L/78, p. 185; SD LamserT & THIERY,
1914, p. 301); Alexandria PFEFFER, 1881, p. 63
{type, A. magnifica); Echinorodorum FPoMEL,
1883, p. 68 (obj.); Paraya PomeL, 1883, p. 68
(type, Clypeaster corwini Pavav, 1874, p. 98);
Anomalanthus BeLy, 1884, p. 43 (type, Echinan-
thus tumidus Woops, 1878, p. 169}); Bunactus
Poster, 1887, p. 204 (wpe, Clypeaster scillae Dzs-
MmouLiNs, 1837, p. 64; SD Lamsert, 1912);
Laganidea Pomer, 1887, p. 172 (type, Clypeaster
seutellaeformis PomeL, 1883, p. 30); SD LameErT,
1912); Miophyma Pomew, 1887, p. 260 (type,
Clypeaster alns Lamarcx, 1816, p. 14 (—Echi-

Fic. 353. Clypeasteraid auricles (Durham, n).

2. Echi-
3. Clypeaster
4, Hupea decagonalis

1. Fchinarachnins parma (LAMARCK).
nocyamus  pusiins  (MUOLLER).
ravenclii (A, Acassiz).
(Lesson). 5. Clvpeaster. 6, Arachnoides.
7. Encope. 8. Echinocvamus [5, 6, 7. &,
in profile, interambulacral plates stppled].
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Fis, 351, Spicules, buccal plates. and periproctal
plates of clypeasteroid echinoids (31, after 136g).
1. Echinarachnius parma (Lamarck), X180, spic-

ules from sucking disc of tube foot. 2. Echino-
discus auritus Leske, X210, spicules from sucking
disc of tube foot 1. Hcliophora orbiculus
(LinnE), ) 265, spicules from sucking disc of tube
faot. 4.7, Clypeaster rotundus (A. Acassiz),
% 100, spicules from buccal membrane; C. rangi-
anus Drsmourins, X135, spicule from sucking
disc of tube foors C. rotundus (A. Acassiz), X180,
spicule from sucking disc of tube foot; C. latssimus
{(Lamarck)}, X180, spicule from sucking disc of
tube  foot. 8. Heliophora orbicuins  (LINNE),
X 70, plates from buccal membrane. 9. Feli-
aster zelandine (Gray), X 10, periproctal plates.
1. Peronella japonica MorTENsEN, X 10, peri-
proctal  plates. 11.  Echimocyamus  elongatus
H. L. CLark, X 15, periproctal plates.

nanthus altus Lesre, 1778, p. 18%9): SD Dcerilas,
1955); Oxvplewra Pomrr, 1887, p. 221 (non
Amyor & SERVILLE, 1843); Paratina PomeL, 1887,
p. 190 (non Mk, 1874} ; Platyplenra PomeL, 1887,
p. 174 {mor Amyor & ServiLLE, 1843); Plio-
phyma PomEew, 1887, p. 247 (type, Clypeaster atlas
PoMmEL, 1887, p. 252; SD LamzerT, 1912); Diplo-
thecanthus Duncan, 1889, p. 153 (obj.); Plesian-
thus Duncaw, 1889, p. 154 (type, Echinanthus
testudinarius  Gray, 1851, p. 35); Buurritzella
Roussac, 1911, p. 30 (type, B. marbellensis);
Dactylanthus Lampenrt, 1912, p. 89 (non Carr-
GreN, 1911); Enrycoila Lavserr, 1912, p. 90
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(type, Clypeaster intermedins Drsmouvins, 1837,
p. 64); Ewrypleura Lanierrt, 1912, p, 90 (non
Kave, 1858); Paleanthts Lavsert, 1912, p. 89
(type, Clypeaster breunigi Lavse, 1868, p. 19);
Coronanthus  Lampert, 1913, p. 123 {type.
Clypeaster microstoma Lamsert, 1914, p. 91);
Oxclypeina Lavprrt & THIFRY, 1913, p. 122 (pro
Oxyplewra PoMEeL, 1887) (type, Clypeaster doma
Pomer, 1887, p. 223: SD LasperT. 1912); Para-
tinanthus LamBerT & THiéRY, 1013, p, 122 (pro
Farating PomzeL, 1887) (type, Clypeaster confusus
PomEer, 1887, p. 190; SD Lassert & THIfRY,
1914); Platvelypeina LampertT & THIERY, 1913,
p. 122 (pro Platypletira Pomer, 1887} (tvpe,
Clypeaster marginatus Lamarck, 1816, p. 14; §D
Lamzzrt, 1912): Tholeopelta LaMBERT & THIERY,
1913, p. 122 {pro Earyplenra Lauperr, 1912}
(type, Clypeaster duchassaingi MIcHELIN, 1861,
p. 107); Alexandraspis LamBert & Tuifry, 1914,
p. 315 (pro Alexandria Pyrrrer, 1881, non Alex-
andrium Mouix, 1860} (1vpe, Alexandria magni-
fica PrevFER, 1881, p. 63): Guebhardanthns 1.am-
rERT, 1914, p. 17 {tvpe, Clypeaster priscus OPPEN-
A, 1901, p. 92); Lawbeanthus Lavpert, 1914,
p. 19 (type, Clypeaster brewnigi Lavue); Lepto-
clypus WoEHLER, 1922, p. 31 (type, Clypeaster an-
nandalet Kornier, 1922, p. 16); Rhaphydoclypus
1925, p. 63 (wmom. ran.);

CHrccHia-Risporr,

Orthanthus  MoRTENSEN, 1948, p. 34 (type,
Clypeaster  euclastus Crark, 1941, p, 120};
Zanolertia Sincdaez Rowc, 1991, p. 39 (type,

Z. zanoletiiy; Herrerasia ShncHiz Roi, 1932,
p. 137 (wpe, Clypeaster profundus SANCHEZ
Roig, 1949, p, 91) non C. profundus L. Acassiz,
1840); Rojasaster SANcHEz Rowc, 1952, p. 135
(type, Clypeaster hernandezi Sixcrez Rorc)].
Medium-sized 1o large, test flattened 1 highly
campanulate, margin rounded to fattened and
inflated; peristome usvally in deep infundibulum;
oral surface flat to concave; petals variable, closed
and rounded ta open or sublyrate, with outer
potes clongate, inner ones rounded, commonly
connected by greove; periproct usually inframar-
ginal, rarely marginal, situated between 3rd and
4th, or 4th and 5th pair of coronal plates;
buccal membrane naked, with imbedded irregular
spicules; internal supports variable in abundance,
consisting of thin laminae and pillars; wall of
test sometimes double, separated by pillars. [ Varia-
tion in external test morphology and shape of
petals 1s very great, mwore than 400 nominal taxa
existing in the literature, but no systematic basis
for subgencric groupings can be recognized.] U.
Eoc.{ Anvers.)-Ree., worldwide., Fre. 357,1a-e.
Latcral profiles of Clypeaster, x0.7; la, €. altus
alticostatns MicHELIN, Mio,, Malta; 14, *C. rosa-
ceus (LINNE), Rec., Carib.; Ie, C. cuclastus CLARK,
Rec., Carib,; 1d, €. reticulatus (Livst), Rec.,
IndoPac.; fe, €. latissimus {Lamarck), Rec, E.
Indies (Durham, n). Fic. 357,lf.g. *C. rosa-
cents (LinnE), Rec., Carib.; 1f,g, aboral, int. ab-
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Order CLYPEASTEROIDA: Stratigraphic Distribution of Genera
Laganina | Rotulina | Clypeasterina | Scutellina | TOTAL GENERA
Recent 9 2 4 9 24
Pleistocene 7 2 4 9 | 22
Pliocene 7 3 3 12 25 o
—T\Aiocene 7 2 5 22 ' 34
Oligocene 4 - 2 7 13
Eocene 18 - ; 6 25
Paleocene 3 - - ~ 3
U. Cretaceous 2 - - - 2 N
TOTAL GENERA 28 3 7 34 72

Fic. 335. Recorded stratigraphic distribution of clypeasteroid genera {(Durham, n).

oral, x0.7 (136g). Frc. 357,1k-%. Plates of
cral surface of Clypeaster (interamb. stippled),
1h-j (reduced), Ik (enlarged); 14, *C. rosacens
(LINNE), Rec., Carib.; 11, C. ravenclii (A. Acas-
s1z), Rec., USA(Tex.}; 15, C. curopactficus CLARE,
Rec., Gulf Calif.; 1%, C. reticulatus (Linwt), Rec,
Philippine Is. (51). {See also Figs. 336,/g.17,38:
339,A; 340.3; 344,1,2; 348,9; 350,2: 351,1-4,14,153;
352,3-4,6-8; 353,3,5; 354,4-7.]

Family ARACHNOIDIDAE Duncan,
1889

Tnanr. transi. Hl. L. Crarx, 1914, p, 43 (ex Arachnoidinae
Duncaw, 1889, p. 158)]

Test flattened, outline usually rounded;
ambitus moderately thin; petals open; am-
bulacral food grooves simple, well defined,
no secondary tube feet in grooves; accessory
tube feet outside petals usually in dense
oblique scries (“combs”), restricted to am-
bulacral areas; 4 genital pores; peristome not
sunken; buccal membrane plated; primor-
dial interambulacral plates externally larger
than ambulacral plates. Oligo.-Rec.

Subfamily ARACHNOIDINAE Duncan, 1889
[Aruchnoidinee Duncas, 1589, p. 158
Periproct supramarginal; petals raised

above interambulacra, pore pairs conjugate;

combed areas large; food grooves extending

to apical systern; internal supports in outer
marginal zone only. Oliga.-Rec.

Arachnoides Leske, 1778, p. 218 [nom. consere.
ICZN, 1954] [*Echinus placema Linnt, 1738, p.
666, ICZN, 1954] [=Echinarachnins Lrsks, 1778,
p. 217 (suppressed ICZN, 1954}]. Narrow groove
from periproct to basicoronal plates; periproct slight-
ly supramarginal, edge of test notched; only onc
pair of interambulacral plates on oral surface; peri-
proct between 2nd and 31d pair of coronal plates;
combed areas extend over all ambulacral areas ex-
cept along suture between arcas on oral surface.
Plia.-Rec., IndoPac. Fic. 3581, *A. plucenta
{Linng), Rec., Java (lak), Sumatra (fe): lab,
aboral, oral, X 1; I¢, plates on oral surface (inter-
amb. stippled), X 0.6 (6, 51). [Sec also figs. 340,
7-8; 344,3; 348,8; 350.3: 351,5.]

Fellaster Durnans, 1955, p. 125 [*Arachnoides
zelandiae Gray, 1855, p. 14 (—Echinarachuius
zelandiae Gray, 1843, p. 264); OD]. No groove
from periproct to basicoronal plates; periproct
supramarginal, at junction between 3rd and 4th
pairs of coronal plates: no marginal notch for peri-
proct; 2 or 3 coronal interambulacral plates on
oral surfacc; combed areas about 0.7 width of
ambulacral plates. Ofigo.-Rec., NUZ. Frc. 358,2.
*E, zelandiae (Gray), Rec.: Za, oral with spines,
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®0.5 (136g); 28, oral without spines, X0.7 Subfamily AMMOTROPHINAE Durham, 1955

(136g); 2¢, plates of oral surface, X0.7 (51} [Ammotrophinae Deriam, 1955, p. 127]
[See alsn Figs. 336.1f; 351,6; 354,9.] Combed areas small; internal supports
pp
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Fic. 357. Clypeasteridae (p. U462-U464).
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Arachnoides

Fic. 358. Arachnoididae (Arachnoidinae) (p. U464).

both marginal and around peristome, con-
centric peripherally; periproct usually oral;
no groove from periproct to basicoronal
plates. Mio.-Rec.

Ammotrophus H. L. Crark, 1928, p. 471 [*4.
cyclius; OD] [=Hesperaster H. L. CLARg, 1938,
p. 411 (type, H. arachnoides)]. Combed areas ad-
jacent to food grooves on apical surface and in

small triangular areas on oral surface; food grooves
extending to apical system; 3 or 4 coronal inter-
ambulacral plates on oral surface; periproct 0.3
distance from margin, between 1st pair of coronal
plates. Pleist.-Rec., 8. Australia-W. Australia.
Fic. 359,4. *A. cyelius, Rec., S. Australia; 4a.b,
aboral view, plates on oral surface (interamb.
stippled), X 0.7 (51, 136g).




U468

1

3b
Fossulaster

Fic. 359. Arachnoididae (Ammotrophinae) (1-2,4),
(Subfamily Uncertain) (3) (p. U467-U468).

Echinodermata—Echinozoa—Echinoidea

Monostychia Lauee, 1869, p. 188 [*M. australis;
OD]. Test rounded to elongate; ambitus with
ambulacral indentations: food grooves extending
to apical system; combed areas small, poorly de-
fined; 2 coronal interambulacral plates on oral
surface; periproct just submarginal, between 2nd
pair of coronal plates. Mio., S.Australia-Tasmania.
Frc. 359,1. *M. australis, S.Australia; Ia,
aboral view, X1 (15): 154, plates on oral surface
(interamb. stippled), x0.7 (51).

Scutellinoides Durnam, 1955, p. 128 [*Scutellina
patella Tare, 1891, p. 275 (non Harr, 1908);
OD]. Test depressed conical; periproct supra-
marginal, distant about 2 pairs of plates from
ambitus; pore pairs not conjugate; petals mod-
erately well developed, extending (.75 distance
to margin. Mio., S.Australia. Fic. 359,2. *8,
patella (TatE); 2a,b, aboral, oral views, X1.5
(31).

Subfamily UNCERTAIN

Fossulaster LaxBerT & Tuifry, 1925, p. 577 [*F.
halli (=Secutellina parella Havrr, 1908, non TaTE,
1891); OD]. Test ovate; periproct supramarginal;
petals inconspicuous; only 2 pairs of inner radial
internal supports; females with well-developed
bipartite anterior oral marsupium; no recognizable
food grooves. ?L.Mio., Australia. Fie. 359,3.
*F. halli; 3a,b, oral surface int. (&), oral surface
with marsupium (2), X6 (51).

Suborder LAGANINA Mortensen,
1948

[Laganina MortenseN, 1948, p. 156]

Flattened or inflated; with internal sup-
ports when flattened; petaloid ambulacral
plates simple or pseudocompound; inter-
ambulacra narrow, centinuous, terminated
adapically by single plate; apices of apical
system opposite interambulacra; auricles
fused; aboral miliary spines with terminal
crown; usually no spicules in tube feet.
[Mostly tropical, some temperate.| U.Crez.
(Senon.)-Rec.

Pseudocompound plates (Fig. 336,32)
are present only in the Neolaganidae. The
adapical termination of the narrow inter-
ambulacra in a single plate or series of
plates is a striking feature shared only with
the rotulinids. The late Senonian species of
Fibularia and Echinocyamus (not ex-
amined), if correctly assigned to these gen-
era, should have this feature (present in
Eocene species); if so, they are precluded
from the ancestry of later clypeasterinids,
and scutellinids. Also, lower and middle
Eocene species of this suborder already have
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their characteristic features well developed,
indicating that, despite their simple petals
and test morphology, none of the known
Eocene species can be ancestral to the
clypeasterinids and scutellinids.

Family FIBULARIIDAE Gray, 1855

[mom. correct. Duncan, 1889, p. 144 (pro Fibularina GRAY,
1855, p. 65)] [includes Fistularina Gray, 1855, p, 27

Shape variable; petals variable, indistinct
or simple, open; pore pairs not conjugate,
pores rounded; food grooves absent or in-
distinct; primordial plates simple; internal
supports absent or radial partitions only.
[Temperate and tropical regions.] U.Cret.
(Senon.)-Rec.

Fibularia Lamarck, 1816, p. 16 [*F. opulum; SD
ICZIN, 1950] [=Echinocyamus Gray, 1825, p.
428, and Lamsert, 1891, p. 749 (non LEskw,
1778)]. Test ovate, inflated; periproct close to
peristome; hydropores in groove; no internal sup-
ports; 5 large periproctal plates; buccal membrane
naked; no calcareous disc in tube feet, U.Crer.(U.
Senon.)-Rec., worldwide as fossil, living IndoPac.
only. Fic. 360,1. *F. ovalum, Rec., E.lIndies
(Kei Is.); Iab, aboral, oral views, 2.5 (136g).
[See also figs. 348,4; 350,7.]

Cyamidia LameerT & Tuifry, 1914, p. 288 [*Echi-
nocyamus nummaliica DuNcaN & Svapen, 1884,
p. 132: OD]. Like Echinocyamus, small, variably
inflated; petals well defined, inner member of
pore pair smaller than outer; periproct radially
elongate, midway on oral surface; single hydro-
pore, Eoc., India-Pak.-Australia. Frc. 360,2.
*C. nummulitica (DuncaN & Svapen), Pak.; 2a,b,
aboral, oral, X3; 2¢, apical region, enlarged (47).

Echinocyamus vax Puersvm, 1774, p. 131 [*Echi-
nocyamus pusillus MULLER, 1776, p. 236 (=Spata-
gus pusillus MOLLER, 1776, p. 236); SD ICZN,
1950] [=dAnaster Sismonpa, 1841, p. 45 (type,
A. studeri); Fibularia Lamserr, 1891, p. 749
(suppressed ICZN) (nom Lamarck, 1816)]. Test
moderately flattened: hydropores few, not in
groove; periproct between lst and 2nd pair of
coronal plates; petals poorly defined in some forms,
pore pairs usually oblique; no spicules in tube
feet; 5 pairs of internal radiating partitions; in
some species females with aboral marsupium. U.
Cret.(Senon.)-Rec., worldwide as fossil, living
Eu.-IndoPac. Fic. 360,5. *E. pusillus (MtL-
LER), Rec,, Eu.; Su-c, aboral, oral, oral int., X4
(135).  [=Echinocentrotus ~ Cuecchia-RispoLt,
1907, pl. 17 (nom. null.).]

Eoscutum Lamzert, 1914, p. 293 [*Porpitella don-
cieuxi Lampert, 1905, p. 136; OD]. Small, flat-
tened, apical system slightly elevated; petals well
developed, nearly closed, slightly more than half
length of radius; periproct just supramarginal; 10
internal radial partitions. Eoc., Eu. F1c. 360,3.

U469
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Fibulaster

Fic. 360. Fibulariidae (p. U469, U471).



U470 Echinodermata—Echinozoa—Echinoidea

la
Mortonia

Porpitella

Fic. 361. Fibulariidae (p. U471).
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*E. doncienxi (Lamsert), Fr.; 3a,6, aboral, oral,
%25 (203b).

Fibulariella Morrensen, 1948, p. 6 [*Fibularia
acuta Yosuiwara, 1898, p. 60; OD]. Like Fibu-
laria but periproct elongated, with numerous small
periproctal plates; calcareous disc in tube feet; no
groove for hydropores. Rec., IndoPac.

Fibulaster LamBert & Turfry, 1914, p. 296 [pro
Crustuling Pomer, 1883, p. 72 (non MencE,
1867)] [*Sismondia michelini Correav, 1861,
p. 49; SD Correav, 1892, p. 309]. Like Scurellina
but margin thicker; internal radial partitions ad-
ambulacrally curved; submarginal periproct be-
tween 6th and 7th pairs of coronal plates. Eoc.,
Eu. Fic. 360,4. *F. michelini (CorTEAU), Fr.;
4a,b, int. oral, oral, X2.6; 4¢, aboral view, X1
(27).

Lenicyamidia BrunnscHwEILER, 1962, p. 165 [*L.
compta; OD]. Like Cyamidia but with median
granulate area and lateral zones having deeply
scrobiculate tubercles on oral surface. L.Eoc.,
Australia. Fic. 361,2. *L. compta; 2a,b, aboral,
oral, X7 (179),

Lenita Desor, 1847, p. 142 [*Lenita patellaris
Desor, 1847, p. 84 (=Echinus patellaris GMELIN,
1791, p. 301, =Echinites patellaris Leske, 1778,
p. 256); SD Desor, 1858, p. 222]. Small, flat-
tened ovoid, slightly arched along longitudinal
axis; petals open, extending nearly to margin;
periproct supramarginal, 1 or 2 plates from mar-
gin; 10 well-developed internal radial partitions,
with 5 less well developed interradially; oral sur-
face with lateral zones of large tubercles having
sunken areoles, median area without tubercles;
small tubercles only on apical surface. Eoe., Eu.-
’N.Am,. Fic. 361,3. *L. patellaris (LEskE),
Fr.; 3a,b, aboral, oral, X3 (27).

Mortonia Gray, 1852, p. 38 [*Fibularia australis
Desmourins, 1837, p. 86; OD]. Like Echinocya-
mus but with single posterior pair of partitions
only; oral surface concave; petals open, with
radial ridge between members of pore pairs; single
hydropore. Rec., IndoPac. Fic. 361,1. *M.
australis (DEsmourins), Hawaii; Is-c, aboral,
oral, oral int., X2.5; Id, plates of oral surface
(interamb. stippled), X2 (51, 136g). [See also
Figs. 336,1¢; 348,3; 350,8; 351,7.]

Porpitella Pomer, 1883, p. 72 [*Scutellina hayesiana
L. Acassiz, 1847, p. 82 (=S. supera L. Acassiz,
1841, p. 103, =Cassidulus Hayesianus Desmou-
Lins, 1837, p. 246); SD Lamsert, 1905, p. 138].
Small, irregular ovoid, slightly arched along longi-
tudinal axis; petals well defined, long, moderately
open; periproct supramarginal, about 4 plates
from ambitus; 15 internal radiating partitions.
Eoc., Eu. Fic. 361,5. *P. hayesianus (Dzs-
MouLins), Fr.; Ja,b, ‘aboral, oral, X4 (27).

Scutellina L. Acassiz, 1841, p. 98 [*S. nummularia
(=Scutella nummularia Derrance, 1827, p. 231,
=S. lenticularis Lamarck, 1816, p. 10; OD)].
Small, flattened, outline circular, margin thin;

U471

la
Togocyamus

3b
Tarphypygus

Fic. 362. Fibulariidae (p. U471-U472).

petals well defined, anterior petal open, posterior
petals tending to close; periproct marginal; inter-
ambulacra about 0.25 width of ambulacra at ambi-
tus, Eoc.,, Eu.-N.Afr. Fic. 3614. *S. lenti-
eularis (Lamarck), Fr.; 4a,b, aboral, plates of oral
surface (interamb, stippled), X3 (27, 51).
Tarphypygus Arxorp & H. L. Crark, 1927, p. 42
[*T. ellipticus; OD]. Ovoid to subglobular; petals
well defined, open; periproct on oral surface, be-
tween Ist and 2nd coronal plates; basicoronal
plates small; about 11 pairs of ambulacral and 7
pairs of interambulacral coronal plates on oral
surface; ambulacra about 1.5 times as wide as in-
terambulacra at ambitus; interambulacra  ter-
minated adapically by series of single plates. Eoc.,
Jamaica-Cuba. Fic. 362,3a-c. *T. ellipticus,
Jamaica; 3a-¢, aboral, lat,, oral, X1 (9). Fic.
362,3d. T. clarki (LamperT), Cuba; plates of oral
surface (interamb. stippled), X2 (51). [See also
Figs. 339,E; 343,15.]
Thagastea PomEr, 1888, p. 373 [*T. wetterlei:
OD] [=Thegaster Duncan, 1889, p. 294 (nom.
null.)]. Inflated, subconical, flattened orally; petals
well defined, pore pairs not inclined; hydropores
several; periproct close to peristome, between 2nd




U472

Fic. 363, Laganidae {p. U472-U473).

and 3rd pair of coronal plates; no internal sup-
ports; interambulacra terminated adapically by
series of single plates; no food grooves. Eoc., Eu.-
N.Afr. Fic. 362,2. *T. wetterlei, Tunisia;
2a-c, lat., aboral, oral, X1 (27).

Togocyamus OppenNHEIM, 1915, p. 228 [*Echino-
cyamus (Togocyamus) seefriedi; OD]. Very small,
like Fibularia, but periproct supramarginal; 10 in-

Echinodermata—Echinozoa—Echinoidea

ternal partitions. Paleoc., Fr.W.Afr. Fic. 362,
1. *T. seefriedi (OppenmEIM); lab, oral, aboral,
%10 (213).

Family LAGANIDAE A. Agassiz, 1873

[nom. transl. et correct. A. Acassiz, 1873, p. 516 (pro Tribu
des Laganes Desor, 1858, p. Zlgi] [emend. DurHam, 1954,
7

p. 6/
Test flattened, outline angulated to

rounded; petals well developed, open, outer
member of pore pair slightly elongated,
pores usually conjugate; ambulacral food
grooves present, simple, not reaching mar-
gin; interambulacra very narrow on oral
surface, terminal apical plate rhomboidal;
basicoronal plates forming pentameral star
with ambulacral plates at apices of rays; no
abrupt change in size of oral ambulacral
plates; ambulacral plates not pseudocom-
pound in petals; internal supports both
radial and concentric; periproct oral. [Trop-
ical.] Eoc., Eu.; Oligo-Rec., IndoPac.

Laganum Link, 1807, p. 161 [*L. petalodes
(=Echinodiscus laganum Leske, 1778, p. 204);
OD] [=Lagana Gray, 1825, p. 427 (type, L.
minor (=Echinodiscus laganum LEske) (obj.):
Echinodiscus Lampert & Tuifry, 1914, p. 311
(non Leske, 1778)]. Medium-sized to large,
apical area slightly raised; petals about 0.7 length
of radius; genital pores 5, hydropores in groove;
periproct elongated, midway between Ist and 2nd
pair of coronal plates; basicoronal interambulacral
plates about as wide as ambulacral plates; 5 or 6
coronal interambulacral plates to column on oral
surface. Eoc., Eu.; Mio.-Rec., IndoPac. Fic.
363,3. *L. laganum (LEskE), Rec., Indonesia(Kei
Is.); 3a-c, oral, aboral, plates of oral surface
(interamb. stippled), X 0.7; 34, apical system with
groove for hydropores, X6 (51, 136g). [See also
Figs. 339,B; 340,4,5; 344,5.]

Fibulina Tornguist, 1904, p. 327 [*F. gracilis;
OD]. Similar to Fibularia but with 5 furrows
(ambulacral food grooves?) radiating from peri-
stome. [Description indicates that it is a laganid.]
Eoc., Madag. Fic. 363,1. *F. gracilis; aboral,
X1 (221).

Hupea PomEL, 1883, p. 69 [*Laganum decagonale
PoumEL, 1883, p. 69 (=Scutella decagonalis LEs-
son, 1827, p. 48); OD]. Outline slightly poly-
gonal; apical area raised; petals small, about 0.5
length of radius; 5 genital pores; hydropores not
in groove; periproct submarginal, distant its
diameter from margin, between 3rd and 4th pairs
of coronal plates; 4 or 5 coronal interambulacral
plates per column on oral surface. Plio.-Rec.,
Malaysia-Polynesia. Fic. 363,2. *H. decagon-
ale (Lesson), Rec., Malaysia; 24,6, oral, aboral,
% 0.75; 2¢, plates of oral surface (interamb.
stippled), 0.7 (51, 136g). [Also Fig. 353,4.]
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Jacksonaster Lampsert & Twifry, 1914, p. 313
[*Echinarachnius conchatus M’CLeLLaxD, 1840,
p. 181, =Laganum depressum Lesson, L. Acassiz,
1841, p. 110; OD]. Medium-sized to large, apical
area slightly raised, central; 5 genital pores; petals
open, length 0.7 of radius; hydropores in groove;
periproct oral, about 0.25 distance from margin,
commonly transversely elliptical, between Ist and
2nd pair of coronal plates; about 5 ambulacral and
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3 or 4 interambulacral coronal plates on oral sur-
face. Mio.-Rec., IndoPac. Fic. 364,3. *]. con-
chatus (M'CLELLAND), Rec., Malaya; 3a,5, aboral,
oral with spines, X0.8; 3¢, plates of oral surface
(interamb. stippled), X 1.5 (51, 136g). [See also
Figs. 336,1A4; 348,10; 351,8; 352,1.]
Peronella Gray, 1855, p. 13 [*Laganum peronii L.
Acassiz, 1841, p. 123; OD]. Like Laganum but
with 4 genital pores, hydropores not in groove

Sismondia

Jacksonaster

Rumphia

Fic. 364. Laganidae (p. U473, U475).



Wythella

Fic. 365. Neolaganidae (p. U475).
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and periproct 0.4 distance from margin; 3 to 5
interambulacral and 5 or 6 ambulacral coronal
plates w column on oral surface, U.Mro.-Rec.,
IndoPac. Fic. 3642, *P. peronil (Acassiz),
Rec.: 24,8, aboral, oral, X1 (6).

Peronellites Havasaka & MorisHira, 1947, p. 101
[ *Peronella ( Peronellites ] orvalis; QD]. Test cllip-
tcal; 4 genital pores; apical svstem rabsed: perals
short, about 0.5 of radius, anterior petal longest,
anterior paired petals shortest, poriferous zones
Uvery narrow.” Mio,, Formosa.

Rumphia Deson, 1838, p. 229 [*Laganum rostra-
tum L. Acassiz, 1841, p. 1185 OD) | =Michelinia
Duraroiy & Huef, 1862, p. 560 (#on pr KoNINCK,
1842}, pro Polvaster MicHeLin, 1859, p. 347
(nor Gray, 1810 ]. Medium-sized to large, clon-
gate; apwal arca raised, slightly anterior; petals
clongate, open, length 0.7 of radius; 4 genital
pores: hydropores not in groove; periproct oral,
close to margin: about 7 coronal ambulacral plates
to column an oral surface, number of nterambula-
cral plates uncertain, Mio.-Ree., IndolPac. T,
364 TR restrarnm (Acassiz), N.Z.; ab, ab-
aral. oral. X 0.7 (6).

Sismondia Desor. 1858, p. 225 [*Scwella occitana
Devraxce, 1827; SD Pomer. 1883, p. 72], Small,
margin inflated: petals apen, slightdy lvrate, length
about 0.75 of radius; 4 genital pores, hydropores
i groove: periproct 0.4 distance from margin;
between 1st and 2nd pair coronal plates; food
grooves indistinct; about 6 interambulacral and 8
ambulacral coronal plates per column on oral
surface; internal radial partitions well developed,
concentric  supports  incipient, basicoronal inter-
ambulacral plates larger than ambulacral. Eoc,,
Eu.-Afr.-Asias  Oligo.-Mio.,  IndolPac.-Australa,

Fic. 364.1. *S. oecitana (Derrance), Fr

la-d, lat, aboral, oral, plates of oral surface

{interamb. stippled}, X1 (27, 51).

Family NEOLAGANIDAE Durham, 1954
[Nealaginidae DurAssm, 1954, p. 650]

Similar to Laganidae, but usnally with
pseudocompound plates in petals, outer
member of pore pairs greatly elongated,
basicoronal plates in regular pentagon with
ambulacral plates at apices, first pair of
coronal plates markedly larger than succeed-
ing plates, and terminal adapical interam-
bulacral plate rectangular. Eoe.-Oligo., Gulf
Mexico-Carih. [See Figs. 336,3a; 339,D;
344,6.]

Neolaganum DurHan, 1934, p. RO | *Laganum
archerensis Twitcuerr, p. 161 OD], Small to
medium-sized; petals nearly closed, length 0.7
of radius; plates within petals in dyads and triads;

4 genital pores; hydropares in branching groove;
periproct oral, about 0.25 distance from margin;
4 or 5 ambulacral and 3 or ¢ interambulacral
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coronal plates per column on oral surface. Eoc.,
Gull  Mexico. Fis. 363.1. *N.
{Twircurie), UsA{Fha);
X 1; Ied, oral, plates of oral surface (interamb.
stippled), X 1.3 (22,531, 1%,

Cubanaster SincHEz Roic, 1932, p. 3 [*Jackson-
aster torref Lamsert, 1962, p. 61: OD]J. Small
o medium-sized; petals elongate, slightly open,
length about 0.75 of radius: some dvads in petals,
other plates simple; 4 gemital pores; hydropores
in groove; periproct oral, Jarge, about 0.17 of
distance  from  margin, between  Znd  pair of
coronal plates; 7 or 8 ambulacral and 5 or 6 in-
terambulacral coronal plates per column on oral
surface, IFoc., W.ndies-Panama. T, 363,
Ja-c. *C, torrel {Lamier1), Cuba: 3a.b, oral, plates
of oral surlgce (interamh. suppled)y, X 1; 3¢, apical

archerensis

Ta.h, aboral, lat. views,

swstem with groove for hvilropores, X100 (51,
21607, T, 305,34, €. wcwnai (SANCHEZ
Roic), Cuba; aboral, X 0.8 (167).

Neorumphia DurHav, 1954, p. 681 |*Rumphia

efegans SAxcuez Roig, 1949, p. 100; O3], Large,
elongate, posteriorly  truncated; ambitus  thick,
adapical surface raised centrally; petals  almaost
closed, pointed, plates mostly triads and tetrads,
length about 0.75 of radius; 4 genital pores:
hydropores i brancling groove; periproct large,
about (.17 of distance from margin, between 2nd
pair corenal plates; orally with about 3 ambula-
cral and 2 or 3 interambulacral coronal plates per
column. F.0ligo., Cuba. Fi. 365:4. *N. sle-
gans (SAxchez Rois}: a.p, aboral, plates of oral
surface (interamb. stippled). X0.6; H¢, pseudo-
compourd plates in petal 1, X3 (51, 216b),
Sanchezella Durnam, 1954, p. 682 [*facksonaster
sanchezi Lamsert, 1926, p. 61; OD). Medium-
sized, elongate, thickened; both oral and apical
surfaces  moderately  concave;  ambitus  thick,
rounded; perals depressed, elongate, open, with
some dyads; 4 genital pores; hydropores in groove;
periprect large, 0.25 of distance from margin,
betwern 2nd pair coronal plates; numercus plates
on oral surface, U.Eoe., W.Indics, Fic, 365,2,
*S8. sanchezi {LameerT), Cuba; 2g-¢, aboral, oral,
plates of oral surface {interamb, stppled), x0.8
(51, 167).

Weisbordella Durnant, 1954, p. 682 [*Peronella
caribheana Weseorp, 1934, p. 52: OD]. Like
Neolaganum but with larger periproct and with-
cut groove for hydropores; oral surface slightly
concave, U.For., W.Indies.

Wrythella Durnam, 1954, p, 682 [*Laganum eld-
widges Twrrenerr, 1913, p. 160; OD]. Similar
to Ctibanaster but larger, margin thinner, petals
raised and interambulacral areas widened midway
on oral surface; also similar to Neoramphia but
interatmbulacra much narrewer at ambitus, U .Eor.,
Gulf Mex. ¥iG. 365,5. Y. eldridget (TwiTcn-
rL1), USA{Ga.); 34, aboral, x0.7; 56, plates of
oral surface (interamb, stippled), X1 (22, 51}.
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Scutella

Fic. 366. Scutellidae (p. U477).

Suborder SCUTELLINA Haeckel,
1896

[nom. correct. DuraaM & Merviiie, 1957, p.
Scutellaria Haeckew, 1896, p. 488) |

More or less flattened; concentric and
radial internal supports; ambulacra petaloid
adapically, no pseudocompound plates, outer
member of pore pair elongated; interam-
bulacra terminating adapically in pair of
plates, usually discontinuous in later genera;

259 (pro

apical system pentagonal or stellate, apices
interambulacral; auricles fused; basicoronal
interambulacral plates as large as ambula-
cral plates, commonly larger; with am-
bulacral food grooves; aboral miliary spines
terminating in glandular bag; buccal mem-
brane naked; 2 spicules in sucking disc of
tube feet. Eoc.-Rec.

The oldest recorded genus (Eoscuzella,
L.Eoc.) in the Pacific area is already spe-
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cialized in its elongate basicoronal plates,
thin ambitus, bifurcating food grooves, and
highly developed internal supports. In Eu-
rope, Proescutella of similar age but un-
certain subarder, s 2 generally less special-
ized but not closely related genus with a
groove for the hydropores, and an advanced
position for the periproct. In the Gulf of
Mexico area the Eocene Protoscuiella has
stimple food grooves, but the specialized
basicoronal plates and discontinuous pos-
terior interambulacrum show that it is not
closely related to the ather two genera.
These points indicate that ancestral scurelli-
nids should be present in the Palcocene, if
not in the Late Cretaceous.

Family SCUTELLIDAE Gray, 1825

[Scurellidae Grav, 1825, p. 527] [emend. Durnas. 1953,
. 150]

Medium-sized to large, flattencd, internal
supports well developed; petals closed, outer
member of pore pair subdivided; interam-
bulacra continucus, usually as wide as
ambulacra at ambitus; primordial ambula-
cral and interambulacral plates about equal;
4 genital pores; periproct on oral surface;
food grooves bifurcating close to peristome,
Oligo.-Mio.

Scutella Lasmarck, 1816, p. 7 [*S. swbrotunda
{(=*Echinodiscus subrotundus Leskx, 1778); SD
L. Acasstz, 1841, p. 5] [=?Laemberneila CHec-
cuia-Risrout, 1917, p. 57]. Large, thin, petals
about half corresponding radius, anterior petal
longer than posterior petals; 6 or 7 ambulacral
and 4 or 5 intcrambulacral plates to column
on oral surface; periproct midway on oral sur-
face, between 1st pair coronal plawes. ?U.0lige.,
Mia., Eu, Fio, 366,1. *8. subrotunda (LEsKE),
Mio., Malta; Ja-c, oral, lat., abaral, X0.6; Ide,
plates of oral surface (intcramb. stippled}, food
grooves, X 0.5 {189).

Parascutella Durnan, 1933, p. 349 [*Scezella
leognanensis Lameerr, 1903, p. 173; OD}. Large,
thin; petals about 0.7 length of radius, anterior
petal shorter than posterior; 5 or 6 ambulacral and
4 or 5 interambulacral plates on oral surface:
periproct submarginal, hetween 3rd pair of coronal
plates. Mio., Eu. Fic. 367.2. *P. lecgnanensis
(Laneert), Tr: 2ab, aboral, oral, x0.7; 2,
plates of oral surface (interamb. stippled), X 0.6
(5, 189).

Parmulechinus Lameert, 1910, p. 63 [pro Sicnaster
Lasmerrt, 1905, p. 140 (men BiiLincs, 1858)]
[*Stenaster  labrel  Lamsert, 1905 {=Scutella

Orrryxuemv, 1902, =S$. sriamnla L.

agassizi
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Acassiz, 1841, mon br Serres, 1829); OD].
Medium-sized to large, thin; petals small, about
0.5 length of radius; ambitus broadly indented at
interambulacra; 6 or 7 ambulacral and 4 or 5 inter-
ambulacral coronal plates on oral surface; inter-
ambulacra about half width of ambulacra at ambi-
tus: periproct marginal te submarginal, approxi-
mately between 4th and 5th corenal plates. Ofigo.-
1.Mlo., Eu. Fic. 367,/. *P. agassizi {QPPEN-
nriM}, Oligo, Eu.; 7a.b, aboral, cral Xx0.7 {6).

Family PROTOSCUTELLIDAE
Durham, 1955

Moderate-sized to large, moderately flat-
tened; petals partly open; paired interam-
bulacra barely in contact with basicoronal
plates, posterior interambulacrum variable;
interambulacra about as wide as ambulacra
at ambitus; 5 genital pores; periproct on
oral surface; primordial interambulacral
plates much larger than ambulacral. Eoc,

Protoscutella STeraning 1924, p. 843 [*Scuzells
mississippiensis Twirtcner, 1915, p, 124; OD].
Test low, ambiws thin, wvsually with posterior
periproctal notch; petals equal, Jength about haif
of radius; periproct submarginal, between 3rd
and 4th coronal plates; food grooves simple, un-
branched; posterior interambulacrum  discontinu-
ous; 6 or 7 ambulacral and 3 to 5 interambulacral
coronal plates on oral surface. M.Eoc.-U.Eac., Gulf
Mex.-SE.USA. Fie. 368,2, *P. mississippiensis
{Twrrenerr), M.Eoc,, USA(Miss.); 2a,6, aboral,
plates of oral surface (interamb. stippled}, 0.8
(22, 51).

Mortonella Porter, 1883, p. 231 [pro Mortonia
Dusor, 1858, p. 231, non Grav, 1851)] [*Scutella
quinguefaria Sav, 1825, p. 228 (==Scutella rogersi
L. Acassiz, 1841, son MortoN, 1834): 8D ICZN,
1955]. Like Periarckus but test thick, margin
founded, petals broader, and periproct midway
on cral surface. U.Eoc,, GulfMex., SE.USA-Cuba.

Fle. 3684, *M. guinguefaria (Sav), USA
(Ga.); 4a-c, aboral, oral, lat,, x0.8 (22).

Periarchus Conrap, 1866, p. 21 [*Sismondia alta
Conran, 1863, p. 74; OD). Test raised apically,
ambitus thin; petals open, slender, length slighdy
over half of radius, anterior longest; periproct oral,
nearly half distance from peristome, between 1Ist
pair coronal plates; foed grooves bifurcawe about
midway on oral surface: all interambulacra con-
tnucus; usually 7 ambelacral and 4 or 5 inter-
ambulacral coronal plates on oral surface, U.Eve.,
Gulf Mex.-8E. USA-Cuba. Fic. 368,346, *P,
alty (Covrap), USA(N.Car.); 34,6, aboral, lat,
0.8 (22). F1c. 368,3c. P. Iyelli pileussinensis
(Ravexer), USA(Ga.); plates of oral surface
(interamb. suppled), x0.7 (51).
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Parascutella

Fic. 367. Scutellidae (p. U477).

Family EOSCUTELLIDAE Durham,
1955
[Eoscutellidae Durmanm, 1955, p. 156]
Moderate-sized, flattened, thin, width
greater than length; petals moderately
closed; 4 genital pores; food grooves bifur-
cating close to peristome; interambulacra

continuous, about half width of ambulacra
at ambitus; periproct marginal. Eoc.

Eoscutella Grant & Hertoemn, 1938, p. 54
[ *Scutella  ecoosensis Kew, 1920, p. 65; OD].
Petals about half length of anterior radius; margin
very thin; broad anal notch; primordial inter-
ambulacral plates about 3 times length of ambula-
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Protoscutella

3b M(ﬁ £ s

Periarchus

Mortonella

Fic. 368. Protoscutellidae (2-4); Eoscutellidae (1) (p. U477-U479).

cral plates; internal supports highly developed. Medium-sized to large; petals well devel-
Ef'f” W.USA. E‘G‘ 368-“1';‘5' ”;"“{”‘” (Ié’aw)’ oped; anterior petal more widely open than
USA(Ore.); la, aboral, X0.8; 16, plates of oral paired petals; interambulacrum 5 discon-
surface (interamb. stippled), 0.7 (51, 200). ; : Z
tinuous; interambulacra nearly as wide as

. ambulacra at ambitus; 4 genital pores; food
Family DENDRASTERIDAE Lambert, grooves bifurcating or trifurcating; peri-

1889 proct inframarginal to supramarginal. Plio.-
[Dendrasteridae Lamsenr, 1889, opp. p. 50] [emend. R
Durnam, 1955, p. 157] ec.
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Dendraster

Fic. 369, Dendrasteridae (p. U481).
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Dendraster L. Acassiz, 1847, p. 135 [*D. excentri-
cus (=Echinarachinus excentricus VALENCIENNES,
1846, pl. 10, =*Scutella excentricus EscHscHOLTZ,
1831, p. 19); OD]. Apical system commonly ex-
centric posteriorly; margin of test moderately thin;
anterior petal elongated; periproct inframarginal,
between 2nd and 3rd pair coronal plates; food
grooves bifurcating, complex, usually extending
onto apical surface and best developed posteriorly;
interambulacra all discontinuous with 3 or 4
coronal plates on oral surface; ambulacra with 5
or 6 posterior and 7 or § anterior coronal plates
on oral surface. Plio.-Rec., USA (GulfCalif.-Puget
Sound). Fic. 369,3. *D. excentricus (Esch-
scroLtz), Rec., USA(Calif.-Wash.); 32,6, aboral,
food grooves, X1, X0.8; 3¢, plates of oral sur-
face (interamb. stippled), X0.6 (51, 69). [See
also Figs. 335; 336,1d; 348,2; 351,10.]

Merriamaster LameerT, 1911, p. 64 [*Scutella per-
rini WeavER, 1908, p. 273 (=O0rchoporus koehleri
Lamsert & Turfry, 1914, p. 293); OD]
[=O0rchoporus LamserT & Tuifry, 1914, p. 293,
=PTwitchellia Lamsert, 1916, p. 171]. Margin
rounded; apical system slightly posterior; length
of petals about 0.75 of radius; periproct just sub-
marginal, often on slight rostrum, between 2nd
and 3rd pair of coronal plates; food grooves bi-
furcate about 0.3 of distance from peristome,
extending on to apical surface in large adults;
interambulacra discontinuous; 3 or 4 interambula-
cral and 5 to 7 ambulacral coronal plates to col-
umn on oral surface; radial and concentric in-
ternal supports simple. ?M.Plio., U.Plio., C.Calif.-
BajaCalif. Fic. 369,1. *M. perrini (WEAVER),
U.Plio.,, USA(Calif.); Ia-c, aboral, oral, lat,, X1;
1d, food grooves, X 0.8 (51, 200).

Scaphechinus A. Acassiz, 1863, p. 359 [*S. mira-
bilis (=Chaetodiscus scutella LiTren, 1864, p.
172); OD] [=Chactodiscus LOTkEN, 1864, p.
172 (obj.)]. Apical system central, petaloid region
slightly depressed, with interambulacral depres-
sions extending to ambitus; ambitus commonly
indented at sutures; length of petals about 0.7 of
radius; periproct marginal; food grooves bifur-
cating just outside basicoronal plates; interambula-
cra discontinuous; 3 or 4 interambulacral and 4
or 5 ambulacral coronal plates on oral surface.
Plio. - Ree., Japan-Formosa. Fic. 369,2. *S.
mirabilis, Rec., Japan; 2ab, aboral, food grooves,
X 0.8 (2a, 212a; 25, 51). [See also Figs. 348,1;
350,4; 351,11.]

Scutellaster Cracin, 1895, p. 90 [*S. cretaceus
(*=Scutella interlineata Srivpson, 1856, p. 153);
OD|] [=Calaster Kew, 1920, p. 130 (type, Scutel-
la interlineata Stinmpson) (obi.); Anorthoscutum
Lamzeert & Tuifry, 1914, p. 319 (type, Scutella
interlineata Stimpson) (obj.)]. Margin of test
thin to thick; apical system slightly posterior; out-
line of test rounded to indented interambulacrally;
petals about (.75 length of radius; periproct supra-
marginal, between 2nd pair of plates from ambitus;

Scutellaster

—————p——

Fic. 370, Dendrasteridae (p. U481-U482).
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food grooves trifurcating 0.3 distance from peri-
stome, poorly developed anteriorly; bath columns
of anterior, and posterior column only of posterior
paired interarmbulacra in contact with basicoronal
platess 2 or 3 interambulacral and 4 or 3 ambula-
cral coronal plates on oral surface. Plio., USA
(C.Calif.-Alaska)-7Sakhalin. Fic. 370,1a,b. *5.

interlineatns  (Stmprson), U.Plio, USA(Calii.);
1a,h, aboral, plates of oral surface (interamb.
stippled), x0.7 {51, 200). Fie. 370,1c. S.

major (KEw), U.Plio., USA(Calif.); food grooves,
x 0.7 (51).

Family ECHINARACHNIIDAE
Lambert, 1914

{Echinarachniidae Lamperr, 1914, p. 314] [emend. Durmam,
1955, p. 163]

Medium-sized to large; petals well devel-
oped, anterior petal more open than paired
petals; interambulacrum 5 may be discon-
tinuous; interambulacra 0.7 or less, width
of ambulacra at ambitus; 4 genital pares;
periproct marginal to inframarginal; food
grooves with central trunk. Oligo-Rec., N.
Pac.; Rec., NE.N.Am.

Echinarachnius Gray, 1823, p. 428 [nem. conserv.
ICZN, 1954 [*Scurelle parma Lamarck, 1816,
p. 11; SD L. Acassiz, 1841, p. 5] [=Phelsumia
Pomrr, 1883, p. 70 (obj.): Phelsumaster LaMBIRT
& Tuifry, 1914, p. 316 (obj.)]. Petals lyrate,
about 0.6 length of radius; periproct marginal,
between 3rd pair coronal plates; food grooves with
straight trunk, 2 equal lateral branches near mar-
gin; contact of coronal intcrambulacral plates with
primardial  plates  very variable; posterior area
usually discontinuous; 3 or 4 intcrambulacral and
5 or 6 ambulacral coronal plates on oral surface,
Mio.-Ree., N.Pac.; Rec.,, NEN.Am.——FIc. 3714,
*E. parma (Lasmarck), Rec,, NAm.(E.Can., 42,b;
Alaska, 4¢); 4a-c, aboral, oral, plates of oral sur-
face (usual arrangement, interamb. stippled).
X0.8 (6, 51). [See alsu Figs. 336,14 350,5;
351,02,

Astrodapsis Conwran, 1836, p, 315 [*A. aasiselli
{non Kew, 1920); OD) [=dAsterodapsis A,
Acassiz, 1872, p. 172 (nom. van.); Astrodaspis
LaveerT & THifRY, 1914, p. 314 {nom. wull )},
Medium-sized to large, outline rounded, elongate
or pentagonal; margin thin ta inflated, most
strongly indented at posterior ambulacra; peri-
proct marginal to just submarginals petals slightlv
to strongly raised, apical system not raised: petals
usually broad, more or less open; apical surface of
advanced species with bread interambulacral de-
pressions; food grooves as in Fehimarachnius but
may extend onto apical surface; interambulacra
continuous in early and discontinuous in later
species; 4 or 5 interambulacral and 5 to 9 am-
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bulacral coronal plates on oral surface. M.Mio.-
L.Plio., USA(Calif.). Fic. 371,2. *A4. antiselli,
L.Plio.; 2a-d, aboral, oral, lat, plates of oral
surface (interamb. stippled), X0.8 (51, 200).

Kewia Nisivanma, 1935, p. 136 [*Scutella blancoen-
a5 Kzw, 1920, p. 64; OD] [=Kewia Nisivama,
1934, p. 489 (nom. nud.)]. Small 1o medium-
sized; anterior petal open, paired petals moderate-
lv closed; petals about 0.7 length of radius; peri-
proct supramarginal, close to margin; food grooves
simple; posterior  Intcrambulacrum  discontinuons,
paired interambulacra usually continuous: 2 or 3
interambulacral and 3 to 5 ambulacral coronal
plates on oral surface. Oligo.-Mio., N.Am.-N.Pac.

Fic. 371,1. *K. blgncoensis (Kew), M.Mio,
USA(Ore.): fa-d, aboral, lat., oral, plates of oral
surface (interamb. stppled), X1 (51, 200).

Nipponaster Durnam, 1952, p. 844 [*Astrodapsis
nipponicus NisivaMa, p. 602; OD] [=Psendo-
astrodapsis Durnam, 1953, p, 756 (obj.|. Margin
rounded, outline slightly elongate: petals open,
slightly raised, length about 0.75 of radius; peri-
proct submarginal between 2nd and 3rd  pair
coronal plates; food grooves simple; paired inter-
ambulacra continuous, posterior  discontinueus;
interambulacra about 0.25 width of ambulacra at
ambitus. “Mio.-Pliv.,” Japan-?Sakhalin-?Kamchat-
ka. Fic. 371,3. *N. nipponicus (NIsivama),
Japan; 3a-d, aboral, oral, lat,, plates of oral sur-
face {interamb. stippled), X 1.5 (51, 212b).

Remondella Durnant, 1953, p. 168 [*Clypeaster
gabbi Révonn, 1863, p. 53; O], like Kewia,
but periproct marginal, and ambulacra with more
numerous plates near ambitus on oral surface.
UMio-1.Plio., USA(Calif.). Fic. 372,2. *R.
gabbi {Rémono), UMio.; plates of oral surface
(interamb. stippled), X 1.2 (51).

Tenuirachnius Durianm, 1953, p. 169 [*Scutella
gabbi var. tenuis Kew, 1915, p. 71 (=Echinarach-
nins gabbil kleinpelli Graxt & HrerTrEIN, 1938,
p. 60, =Scutella gahbi temuis Krw, non FEchi-
narachnins tenwis YosHiwara, 1898); OD]. Like
Kewra, but periproct barely supramarginal, test
thin and flattened, and 3 pairs of oral coronal
plates in interambulacrum 5. U.Mie., USA (Calif.).

Fig. 3721, *T. kleinpelli (GravTt & Hert-
vein): lab, plates of oral surface, aboral view,
x1 (51, 200).

Vaquerosella Durnawm, 1953, p. 166 [*Scutella an-
dersont Twrrcnrer, 1915, p, 183; OD]. Small o
large, width commonly greater than length: ambi-
ws indented at ambulacra, most strengly  pos-
teriarly; petals more or less raised, anterinr peral
open, paired petals slightly closed, 0.7 to 0.75
length of radius; periproct marginal; food grooves
simple;  posterior  interambulacra  discontinuous,
anterior paired interambulacra variable; orally 3
or 4 coronal plates in paired interambulacra and
2 in posterior; 5 or 6 coronal oral plates 1n anterior
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Echinarachnius

Fic. 371. Echinarachniidae (p. U482).



Iheringiella

Fie. 372. Echinarachniidae (I-3); Monophorasteridae (4-6) (p. U482, U485).
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ambulaera, 4 or 5 in posterior ambulacra, L.Mio.,
USA{Calif.)-Mexica(BajaCalif . }. Fia. 372.3a,b.
*V. andersoni (Twirenerr), Calif.: 3a.b, aboral
view. plates of oral surface (interamb. stippled),
> 1 (51, 200). Fre. 372,3c. V. norrisi (Pack),
Calif.; plates of oral surface (interamb. stippled},

X1 (51).

Family MONOPHORASTERIDAE
Lahille, 1896

| Monophorasteridae Lanwig, 1896, p. 441 (rmend. DurHam,
19553, p. 169)]

Medium-sized to large, flattened; well-
defined but variably open petals; interam-
bulacra continuous, narrower ar ambitus
than midway on oral surface; primordial
interambulacral plates much larger than
armbulacral plates; periproct on oral sur-
face; 4 genital pores; food grooves bifur-
cating just outside primordial plates. Mio.
Monophoraster Lamprrt & Tuifry, 1921, p. 324
[pro Manophors Desor, 1847, p. 287 (non Bory
o ST. Vincent, 1804)] [*Monophora darwini
Drsor, 1847, p. 287; OD]. Peuls large, length
0.7 radius, anterior longest; posterior anal lunule;
periproct between lunule and  peristome; inter-
ambulacra gready constricted at ambits; primor-
dial interambulacral plates much elongated. Mio.,

Arg.-Chile. Fie. 372,6. *M. darwint (DEsor),
Arg, fak, aboral, oral views, X(0.8; 6¢, plates of
oral surface (interamb. stippled), 0.6 (51,
202a3.

Theringiella Berc, 1898, p. 16 {pro lheringia 1a-
hire, 1898, po 437 (nen Keyservive, 18910
[*Scntella patagoniensis Disor, 1847, p. 287; OD]
[=lieringiana Brre, 1898, p. 41 (obj.}; lher-
inging LanuLe, 1899, p. 395 (oby.} 1. Petals partly
closed to lyrate, length 0.7 radius: no lunules:
periproct subrmarginal, between 2nd and 3rd pair
coronal plates; 3 aor 4 interambulacral, and 4 or
5 ambulacral coronal plates per column on oral
surface. Mia., Arg. Fic. 372,5. *I. patagonien-
sis (Desor); aboral view, X1 (202b).

Karlaster Marciesins Santos, [958, p. 16 |*K.
pirabensis; OD). Like Monophoraster but with
posterinr  interambulacrum  discontinuous orally,
and food grooves trifurcating (?) near peristome,
Mia., Brazil. Fic. 3724, *K. pirabensis; plates
of oral surface, %0.8 (207).

Family MELLITIDAE Stefanini, 1911

[Mellitidae STErane, 1910, £ 749 {emend. Durnas, 1955,
P 1710

Medium-sized to large, flattened; petals
well defined, moderately closed, outer mem-
ber of pore pair greatly elongated; internal
supports well developed; posterior inter-
ambulacral and paired ambulacral lunules
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or notches; paired interambulacra not con-
tinuous, posterior interambulacrum  vari-
able; on oral surface interambulacra widest
at ambitus, about as wide as ambulacra;
basicoronal plates small; periproct oral, be-
tween posterior lunule and peristome; food
grooves bifurcating just outside primordial
plates. [Tropical and warm temperate
Americas.] L.Mio.-Ree.

Mellita L. Acassiz, [841, p. 34 [nom. cowusery.
1CZN, 19568] [*Echinodiscns quinguiesperforatus
Leske, p. 197 (=Mellita testndinata Kiniw,
1734); SD PoMEer, 1883, p. 71]. ‘Thin, Hattened,
ambitus sharp; paired ambulacral lunules only;
lunules narrow, elongate, normally closed: anterior
paired petals shortest, others about equal; peri-
stome and apical system slighily anterior; 4 geni-
tal pores; posterior interambulacrum continuous,
Mio.-Ree., N.Am.-S.Am.-W.Indies. Fic, 373.7.
*M. guinquiesperforata (LEskE), Rec., Puerto Rico;
Ta-¢, aboral, oral, lat. views, » 0.7 (6).

Encope L. Acassuiz, 1840, p. 6, 17 [*E. grandis,
OD] [=Mouliniv L. Acassiz. 1841, p. 3, 139
(type, Scmtelle cassidnling DrsmorLins, 1837, p.
78): Moulinsia L. Acassie, 1847, p. 139 {nom.
van. pro Motdinia) (non GraterLoue, 1841); Des-
moulinaster LamerrT & THIERY, 1914, po 294
(type, Scutelle cussiduling DisviouLing); Eching-
glyphas Grav, 1852, p. 37 (type, Scwella emar-
gimata Lamarck, 1816, p. 9, —ELchinodiscus
emarginatus Leske, 1778, p. 200 8D, herein);
Echinoglycns Grav, 1855, p. 24 {nom, null?);
Ravenellia Ttrxex, 1864, p. 168 (wpe, Scurells
macraphora RaveNer, 1843, p. 81): Macrophora
Conkap, 1865, p. 134 (1vpe, Scurella macrophora
Ravener, 1843, p. 8101, Like Mellirellz, but with
apical system and  peristome  slightly anterior;
posterior  petals longest: posterior interambula-
crum continuows: posterior lunule more than half
inside line connecting ends of petals. T.Aio-Rec.,
N. Am.-§, Am.-W. Indies, Fic. 3734, *E,
grandis, Rec.. Gulf Calil.; 4a,f, aberal, oral views,
X0.6; 4e, plates of oral surface (interamb.
stippled), X0.5 (1, 51). [Sce also Figs. 339,F;
341.1a.b.]

Leodia Gray, 1852, p. 36 ["L. richardsoni {=
*Echinodiscns sexiesperforatus Lskr, 1778, p. 199,
=Eehinus hexaporus GumrLN, 1789, p. 3185,
=Scutella sexforis Lamarck, 1816, p. 9); OD].
Like Mellita but with 5 closed ambulacral lunules.
UMis.-Ree., E.N. Am.-E. 5. Am. Fre, 373,2.
*I. sexiesperforatns (LEskE), Rec,, E. USA; plates
of oral surface {interamb. stippled), X0.6(51).
I See also Figs. 336, 1k 340,6; 352,9.)

Mellitella Duncax, 1889, p. 162 [*Encope stokesii
L. Asassiz, 1841, p. 5% OD]. Margin thick or
thin: 5 ambulacral lunules, apen or closed; pos-
terior interambulacral lunvle vutside petals; apical
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Fic, 373. Mellitidae (p. U485, U488).
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Echinodiscus

Fie. 374. Astriclypeidae (p. U489).



U488 Echinodermata—Echinozoa—Echinoidea

system and peristome slightly posterior; posterior Fic. 373,3. *M. stokesii (Acassiz), Rec., Ecuador;
paired petals shortest; 5 genital pores; posterior in- 3a,b, aboral, oral views, X0.8, X0.6; 3¢, plates
terambulacrum  discontinuous, Mio.-Plio., E.Pac., of oral surface (interamb. stippled), X 0.8 (6, 51,
Carib. (neotropical); Rec., E. Pac. (tropical). 136g).

Abertella

Fic. 375. Abertellidae (2); Scutasteridae (1) (p. U489).
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Family ASTRICLYPEIDAE Stefanini,
1911
[Astriclypeidae Steraning, 1911, p. 747]

Medium-sized to large, flattened, margin
thin; internal supports well developed, with
paired posterior ambulacral lunules or
notches; anterior ambulacral lunules present
in some forms; petals well defined; posterior
interambulacra discontinuous, others vari-
able; interambulacra about as wide as am-
bulacra at ambitus; primordial interambu-
lacral plates much larger than ambulacrals;

4 genital pores; periproct on oral side; food
grooves bifurcating just outside primordial
plates. Oligo.-Rec.

Astriclypeus VErriLr, 1867, p. 311 [*A4. manni;
OD] [=Crustulum TroscHEL, 1868, p. 1 (obj.)].
Five ambulacral lunules; apical system central; all
interambulacra  discontinuous; periproct midway
on oral surface. Mio.-Rec., Cambodia-S.Japan.
Fic. 374,2, *A. manni, Rec., S. Japan; 2a-¢, aboral,
oral views, plates of oral surface (interamb. stip-
pled), X0.5 (51,136g). [See also Fic. 336,Im.]

Amphiope L. Acassiz, 1840, p. 6, 17 [*Scutella bio-
culata DEsmourins, 1835; SD Lameert, 1907, p.
49]. Like Echinodiscus but lunules broad and
transversely (except Oligocene species) oval, apical
system slightly anterior. Oligo.-Mio., Eu.; Mio.,
Angola-India. Fic. 374,1. *A. bioculata (Dges-
MOULINS}, Mio,, Fr.; lab, aboral, oral views,
X 0.8 (6). [See also Fig. 345,4.]

Echinodiscus Leske, 1778, p. 195 [*E. bisperfora-
tus (=Echinoglycus irregularis Leske, 1778, p.
197, =Lobophora bifora L. Acassiz, 1841, p. 64);
SD ICZN, 1950 1[=Echinoglycus LeskE, 1778, p.
197 (obj.); Lobophora L. Acassiz, 1841, p. 64
(obj.) (non Curris, 1825); Tretodiscus PomeL,
1883, p. 71 (obj.); Tetrodiscns LaMBERT &
Tutéry, 1921, p. 323 (nom. van.)]. Two elongate,
narrow posterior ambulacral lunules, open or
closed; apical system central; anterior petal long-
est, posterior petals shortest; periproct about 0.2
distance from ambitus, between 1st and 2nd
coronal plates; anterior interambulacra usually
discontinuous, Mio.-Rec., IndoPac. Fic. 374,3.
*E. bisperforatus, Rec., IndoPac.; 3a-c, aboral,
oral, lat. views, X0.7; 3d, plates of oral surface
(interamb. stippled), 0.6 (6, 51). [See alsa
Figs. 348,6; 354,2.]

Family ABERTELLIDAE Durham, 1955
[Abertellidae DurnAM, 1955, p. 177]
Medium-sized to large; internal supports
well developed; margin with broad ambu-
lacral and anal indentations; petals well de-
fined, nearly closed; interambulacra all dis-
continuous;  basicoronal interambulacral
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Scutulum

Fic. 376. Family Uncertain (p. U489-U491).

plates much larger than ambulacrals; peri-
proct submarginal; 4 genital pores; food
grooves bifurcating just outside primordial
plates. Mio.

Abertella Durnaam, 1953, p. 350 [*Scutella aberti
Conrap, 1842, p. 194; OD]. Petals about 0.7
length of radius; posterior marginal indentations
most prominent; periproct between 2nd pair post-
basicoronal plates; interambulacra about 0.5 width
of ambulacra at ambits., Mio., N.Am.(Md.)-C.
Am. Fic. 375,2. *A., aberti (Conrap), USA
(Md.); 2a-c, aboral, oral, lat, views, X0.5; 24,
plates of oral surface (interamb. stippled), 0.4
(22, 51).

Family SCUTASTERIDAE Durham,
1955
[Scutasteridae Durmam, 1955, p. 178]

Medium-sized to large; internal supports
well developed; with 3 ovate anterior ambu-
lacral lunules or indentations; anterior petal
more open than paired petals which are
moderately closed; posterior interambulac-
rum discontinuous; 4 genital pores; peri-
proct submarginal; food grooves bifurcating
just outside primordial plates. L.Mio.
Scutaster Pack, 1909, p. 278 [*S. andersoni; OD].
Posterior anal notch; periproct just submarginal;
interambulacra very narrow, on oral surface; apical
system and peristome slightly posterior; primordial
plates of paired interambulacra elongated. L.Mio.,
USA((Calif.). Fic. 375,1a. *S. andersoni; ab-
oral view, X0.8 (200). Fic. 375,1b,c. 8.
vaguerosensis LoEL & Corey; lb,c, plates of oral
surface (interamb. stippled), food grooves, 0.6

(51).
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Family UNCERTAIN tem central, 4 genital pores; periproct supramar-
Samlandaster LamBerT & THifry, 1914, p. 293 ginal; food grooves bifurcating near peristome;
[*Scutella germanica von Beyricm, 1847, p. 101; internal supports highly developed. U.Eoc., Eu.
OD]. Small, thin; petals narrow, 0.3 length of Fic. 376,1. *S. germanica (BevricH), Pol.;
radius; ambulacral pores nearly equal; apical sys- oral view, X 0.8 (141).

lc

Proescutella

Rotula Tournoueraster

F1c. 377. Rotulidae (2,4,5); Family Uncertain (1,3,6) (p. U491).
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Scutulum ToURNCUER, 1869, p. 981 [*S. parisiense;

OD] [=Scutellum Frirer, 1910, p. 209 (nom.
null.) (non PuscH, 1833)]. Small, thin, flattened;
ambitus indented ambulacrally; petals about 0.5
length of radius, shortest anteriorly, moderately
closed; 4 genital pores; periproct supramarginal;
food grooves bifurcating about 0.3 distance from
peristome. Oligo., Fr. Fic. 376,2. *S. parisi-
ense; sketch of aboral surface, X 1.5 (51).

Suborder ROTULINA Durham,
1955

[Rotulina Durnam, 1955, p. 183]

Test flattened, posteriorly dentate or digi-
tate; concentric and radial internal supports;
ambulacra petaloid adapically; petals well
defined, anterior most widely open, pore
pairs mostly conjugate; no pseudocompound
plates; posterior interambulacrum continu-
ous, others variable; interambulacra about
as wide as ambulacra at ambitus, terminat-
ing adapically in series of single plates;
apical system compact, stellate, apices ambu-
lacral; 4 genital pores; periproct oral; 20
basicoronal plates, including 5 reduced in-
terambulacral plates, remaining 5 primary
interambulacral plates as large as ambu-
lacral plates; auricles fused; food grooves
bifurcating near peristome; aboral miliary
spines smooth, terminating in crown; 3
spicules in sucking disc of tube feet. Mio.-
Rec.

Family ROTULIDAE Gray, 1855

[nom. transl. Duruam, 1955, p. 183 (ex Rotulina GRay,
1855, p. 65); emend. Durnam, 1955, p, 183)

Characters of suborder. Mio.-Rec.

Rotula ScHumacHER, 1817, p. 33, 84 [*R. multiloba
(=Echinodiscus ocriesdigitatus Leske, 1778, p.
211, =Echinus orbiculus var. 8 Linng, 1758, p.
666, —Rotula augusti auctt.); SD Dzsor, 1858,
p. 238] [=Echinotrochus PomeL, 1883, p. 72
(obj.)]. Test unequally digitate posteriorly, with
paired anterior interambulacral lunules; pore pairs
conjugate, outer pore elongate and subdivided,
periproct oral; between 1st pair of coronal plates;
paired interambulacra usually discontinuous. Mio.-
Rec., W.Afr. Fic. 377,5. *R. octiesdigitatus
(Leske), Rec.; S5a-c, aboral, oral, plate of oral
surface (interamb. stippled), X0.6 (6, 51).

Heliophora L. Acassiz, 1840, p. 17 [*Echinus orbi-
culus var. a Linng, 1758, p. 666 (=Rotula
rumphii auctt.); SD Lamsert, 1906, p. 126]
[=Hemiheliopsis Lampert, 1906, p. 128 (type,
H. fontt); Radiorotula Lamsert & Thriry, 1921,
p.- 321 (obj.)]. Posteriorly equally digitate, no
lunules; pore pairs conjugate, outer pore simple;
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periproct oral, between Ist pair of coronal plates;
paired interambulacra usually discontinuous, but
variable.  Mio.-Rec., W.Afr. Fic. 3774. *H,
orbiculus (LINNE), Rec.; 4a-c, aboral, oral, plates
of oral surface (interamb. stippled), X 0.8 (6, 51).
[Sec also Figs. 336,la; 339,C; 344,4; 348,11,
350,9; 351,13; 354,3,8.]
Rotuloidea EtHERIDGE, 1872, p. 98 [*R. fimbriata;
OD]. Posteriorly dentate, no lunules; margin
thick; petals elongate, pore pairs only partially
conjugate, outer pore simple; periproct midway on
oral surface, between 1st and 2nd pair of coronal
plates; paired interambulacra continuous. Mio.-
Plio., W.Afr. Fic. 377,2. *R. fimbriata, Plio.,
Morocco;  plates  of oral surface (interamb,
stippled), X1 (51).

Suborder and Family
UNCERTAIN

Proescutella Pomew, 1883, p. 70 [*Scutella cailli-
audi CorTeau, 1861, p. 46; OD] [=Pracscutella
Pomer, 1883, p. 130 (nom. null.)]. Medium-
sized, scutellid-like, flattened, apical system raised,
margin thin; petals open, length 0.8 of radius; pore
pairs conjugate, outer pore elongate, simple; 4
genital pores; periproct oral, 0.25 of distance
from margin, between 4th pair of coronal plates;
food grooves not well defined, ?simple; inter-
ambulacra about 0.3 width of ambulacra at ambi-
tus, continuous; hydropores in groove. [ The hydro-
pores in a groove suggest that this genus may be
an early member of the Laganina.] M.Eoc., Fr.
Fie. 377,1. *P. cailliaudi (Corteav); lab,
aboral, lat. views, X0.7; Ic, oral view, X1 (27).
Runa L. Acassiz, 1841, p. 32 [*R. comproni; SD
LamBerT & Tmiéry, 1914, p. 294]. Based on
internal mold. Unrecognizable; probably a fibu-
larnd. Mio., Italy. Fic. 377,3. *R. comptoni;
aboral view, X2.5 (6).

Tournoueraster Lameert, 1914, p. 294 [*Scutella
decemfissus DesmouLins, 1835; OD]. Based on
internal mold, markedly different from Runa; un-

recognizable. L.Oligo., Fr. Fic. 377,6. *T.
decemfissus  (DEsMoULINS); aboral view, X8
(222).

Superorder ATELOSTOMATA
Zittel, 1879

[Diagnosis prepared by J. Wyatt DurHAM]

Corona rigid; periproct outside apical sys-
tem; no compound ambulacral plates; lan-
tern, girdle, and branchial slits absent in
adult; apical system and peristome rarely
opposite; primary tubercles usually perforate
and crenulate; primary spines hollow; in-
terambulacra invariably wider than am-
bulacra on oral surface. Jur.-Rec.
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CASSIDULOIDS
By PorTER M. K1ER

[Smithsonian Institution, United States National Museum]

The cassiduloids are a distinctive group
of medium-sized echinoids having a gen-
erally plane oral surface and gently to
strongly rounded aboral surface. The out-
line of the test seen from below or above
is nearly perfectly circular in some genera,
but even to somewhat uneven ovoid out-
lines are most common. The ambulacra are
distinctly petaloid adapically and the peri-
proct invariably is located outside of the
apical system. The surface of the test
usually is marked by the presence of
phyllodes and bourrelets. Oldest known
cassiduloids have been collected from Jur-
assic strata, and representatives of the order
are distributed through post-Jurassic forma-
tions to the Recent. Various living kinds
are widespread and abundant.

MorTEnsEN (1948) revised this order,
even though he saw few fossil species and
worked primarily from illustrations and de-
scriptions by previous workers. Unfor-
tunately, many of the old illustrations are
inaccurate. For example, CoTTEAU’s artist
always showed double pores in the phyll-
odes, regardless of whether they were dou-
ble or single. Of hundreds of species of
irregular echinoids figured in Paléontologie
Frangaise, Terrain Tertigire (CoTTEAU,
1885-94), all are shown with double pores
in the ambulacral plates beyond the petals,
despite the fact that double pores occur in
none of them,

These defects became apparent early in
the five-year period spent by me on the
cassiduloid section of the Treatise and hence
further research was undertaken to perfect
the systemization. In this connection, two
visits financed by grants from the National
Science Foundation were made to Europe,
where many of the primary types are lo-
cated. The type-species of almost all genera
were studied and photographed. As a re-
sult, a revision of the cassiduloids was pub-
lished (Kier, 1962), and it is from this
work that most of the following informa-
tion has been abstracted.

Upper
o

Cretaceous

Lower

Upper

Jurassic

Middle

Fic. 378. Evolution of pygurid type of phyllode,

trend toward decrease in number of pores, widen-

ing of phyllodes, and increase in distance between

pores and edge of peristome shown in four species
of Pygurus (not to scale) (Kier, n).
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EVOLUTION

AMBULACRAL PORES

Pore pairs occur in all ambulacral plates
of pre-Cenomanian cassiduloids, but in post-
Senonian species only single pores are pres-
ent in ambulacral plates beyond the petals.
This abrupt change occurs in all families
of the order. Reduction from a pore pair
to a single pore probably was caused by a
functional change of tube feet beyond the
petals from breathing to food gathering.

PHYLLODES

Phyllodes of the cassiduloids can be di-
vided into two types: nucleolitid and
pygurid. The pygurid type (Fig. 378) is
characterized by a large number of pore
pairs in the more primitive species. The
trend in evolution of the pygurid phyllodes
is toward broadening them, reducing the
number of pore pairs, and increasing the
distance between pores and edge of the
peristome. Primitive species with the nu-
cleolitid phyllode (Fig. 379) have fewer
pore pairs than the pygurid type. From
Bajocian to Cenomanian time little change
occurred in the phyllodes but during and
after the Cenomanian the number of pores
in each plate was reduced from two to one,
and buccal pores appeared. Subsequently
the phyllodes widened and the number of

pores in each inner series was reduced.

PETALS

The petals of earliest cassiduloids extend
to margins of the test, with only a small
area below the petals (Fig. 380). In later
species, the test became higher, and the area
below the petals increased in size. Appar-
ently this change enabled the echinoid to
burrow deeper into the substratum.

APICAL SYSTEM

The apical system underwent consider-
able evolution, changing from a tetrabasal
system in the Jurassic, commonly with com-
plimentary and catenal plates, to a mono-
basal system without any extra plates. This
change is quite abrupt; no species with a
monobasal apical system is known from
sources older than Senonian, and none with
a tetrabasal system from sources younger
than Senonian.
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F1c. 379. Evolution of nucleolitid type of phyllode,
trend toward widening of phyllodes, reduction from
pore pairs to single pores, and introduction of buc-
cal pores shown in four species (A, Pygorhynchus
obovatus  (Acassiz); B, Petalobrissus lefeborei
(Fourtav); C, Pholampas gauthieri (Correau);
D, Cassidulus cariboearum Lamarck (not to scale)
(Kier, n).
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Fia. 380. Aboral and side view of some important

cassiduloid genera showing change in shape of

test and length of petals (petaloid area shaded,
area below petals solid black) (Kier, n).

BOURRELETS

The bourrelets are slightly to moderately
developed in earliest cassiduloids, but by
the Cenomanian Epoch they were more
prominent, reaching the zenith of their
development in the Senonian, when in some
species they were large and toothlike. After
the Maastrichtian, the bourrelets usually
were not as well developed.

PERIPROCT

The periproct normally is supramarginal
in earliest cassiduloids, and may be in con-
tact with the apical system. By Early
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Cretaceous time it had shifted marginally
in many genera, and by the Turonian it was
marginal or inframarginal in most genera.
Many species again had supramarginal peri-
procts in the Senonian and Tertiary, but in
none of them was the periproct as far for-
ward and near the apical system as in earlier
species.
TUBERCULATION

Specialized adoral tuberculation differing
from adapical tuberculation was developed
in the later cassiduloids. Adoral and adapi-
cal tuberculation are very similar in Jurassic
species, both sets of tubercles being approxi-
mately the same in size. By the Neocomian,
adoral tubercles near the peristome were
slightly larger than adapical ones. In the
Cenomanian, the adoral tubercles were con-
siderably larger, and for the first time a
naked, granular, normally pitted sternal
area was developed in interambulacrum 5.
Large adoral tubercles commonly have ec-
centric bosses. Most Upper Cretaceous and
Tertiary genera have larger adoral tubercles
and many have naked sternal areas. Prob-
ably the larger adoral tubercles and the
naked sternal area aided the animals in
burrowing.

SHAPE

The test of later cassiduloids is more elon-
gate than that of earlier species. The out-
line is circular or wider than long in many
of the oldest genera, but by the Early Cre-
taceous time and from then until the pres-
ent, most genera are elongate, with a few
exceptions, such as circular Maastrichtian
species of Hardouinia. Generally, post-Jur-
assic species with circular tests are highly
inflated, as in some of the larger species of
Echinolampas, whereas many circular tests
of Jurassic species are rather low. Presum-
ably, the trend toward elongation reflects a
change in living habits, where the elongate
test would be better suited for burrowing
through sediment.

PHYLOGENY

The evolutionary trends summarized in
Figure 381 suggest phylogeny of cassiduloid
genera (Fig. 382).

The Galeropygidae are the earliest of all
cassiduloids and the most primitive in that
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Fic. 381, Evolutionary trends in Cassiduloida (Kier, n).

they have a supramarginal periproct in con-
tact with the apical system, petals very
slightly developed, test low and wide, and
phyllodes long and narrow.

The Clypeidac descended from the
Galeropygidae or from a close ancestor of
the Galeropygidae. They are more ad-
vanced, with their petals well developed
and the periproct usually more marginal or
inframarginal.

The Nucleolitidae, like the Clypeidae,
descended from the Galeropygidac or a
close ancestor of the Galeropygidae. They
are more advanced in having more pro-
nounced petals and normally have fewer

pore pairs in the phyllodes. All genera in
the family, excepting possibly Pseudosorella,
apparently are derived from Nucleolizes.
Their phyllodes are very similar, with two
series of pore pairs in each half-ambula-
crum, and most have similarly elongate tests
and open petals with narrow poriferous
zones.

The Faujasiidae appear to have descended
from the Nucleolitidae, probably from a
form similar to Phyllobrissus. Evolutionary
trends in this family are toward decrease in
number of pores in the phyllodes, increase
in the development of the bourrelets and
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Fic. 383. Relative abundance of cassiduloid species in successive divisions of Jurassic and post-Jurassic
time (scale arbitrary) (98).

petals, and change from a tetrabasal to
monobasal apical system.

The Cassidulidae probably evolved from
the Nucleolitidae, with Nucleopygus origin-
ating from Nucleolites. These two genera
are similar in having the periproct supra-
marginal and petals straight and open, with
narrow poriferous zones; Nucleopygus is
more advanced in having single pores in its
ambulacral plates beyond the petals, and
in having buccal pores.

The Echinolampadidae descended from
the Nucleolitidae, probably from a genus
like Pygorhynchus. The two oldest genera
in the family, Arnaudaster and Parapygus,
are similar to Pygorhynchus, their orly im-
portant difference being the single pores in
the ambulacral plates beyond the petals of
Arnaudaster and Parapygus, and their buc-
cal pores. Because both of these characters
are advanced features and because both
genera occur later than Pygorhynchus, it is
apparent that the Pygorhynchus-like form
is the ancestor.

The Pliolampadidae are not homogeneous
and may not be a natural grouping. They
originated from the Nucleolitidae, but it is
not clear from what genus. They are dis-

tinguished from the Echinolampadidae in
having petals with poriferous zones of equal
length and in lacking a naked zone ad-
orally in interambulacrum 5 of most species.
They differ from the Faujasiidae in their
smaller, more rounded bourrelets and nar-
rower phyllodes. The family can be divided
into two morphological (perhaps phylo-
genetic) stocks: one with open petals and
very broad poriferous zones (e.g., Plio-
lampas), and the other having closed petals
with narrow poriferous zones (e.g., Gito-
lampas).

The Clypeclampadidae arose from some
genus of the Nucleolitidae. Their petals are
similar to those of Hypopygurus.

The Archiacidae have two series of pores
in the phyllodes of each half-ambulacrum,
and therefore probably originated from
some genus in the Nucleolitidae.

The Apatopygidae probably descended
from the Nucleolitidae, as evidenced by
their straight petals with narrow, open pori-
ferous zones, supramarginal periproct,
slightly developed bourrelets, and phyllodes
with two series of pores in each half-am-
bulacrum. Absence of buccal pores in a
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Hyboelypus

Fic. 384. Galeropygidae (p. U499).

single-pored phyllode and presence of
“pyrinid” plating in the ambulacra beyond
the petals distinguish the Apatopygidae
from all other cassiduloids and cast some
doubt on their affinities.

DISTRIBUTION IN TIME

The relative abundance of known cassi-
duloid species is shown in Figure 383. One
of the most striking features of this dis-
tribution is the occurrence of extraordi-
narily numerous species in the Eocene and
subsequent decrease of their numbers in
the late Tertiary and Quaternary. More
than 500 species have been reported from
the Tertiary, but only 16 species are living
today. This great decline may have been
caused by a cooling of the seas and an in-
crease in competition from other echinoids.

ECOLOGY

The ecology of extant species of the cassi-
duloids has not been studied. Morphological

evidence suggests that they live partially
buried up to their petals. The absence of
fascioles probably prevents them from com-
pletely burying themselves.

Order CASSIDULOIDA Claus,
1880

Ambulacra petaloid adapically; periproct
outside of apical system; phyllodes and
bourrelets usually present; no jaws or gill
slits in adult. Jur.-Ree.

Family GALEROPYGIDAE Lambert,
1911

Large; apical system central, tetrabasal;
ambulacra subpetaloid, long; all ambula-
cral plates double-pored; periproct supra-
marginal, in contact with apical system;
peristome anterior; bourrelets absent or
slightly developed; phyllodes narrow with
2 or 3 series of pore pairs in each half-
ambulacrum; no buccal pores. Jur.
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Galeropygus CorTravu, 1856, p. 648 [*Hlyboclypus
agariciformis WricHT, 1851, p. 99: OD] [=Galeo-
pygtus Drsor, 1857 nnll. ), Ressopygus
Powmrr, 1883, p. 56 (wpe, Clypens constantini
Corrrat, 1873, p. 228)]. Low circular; broad
apical systen with gepital plates arranged in
semicircle; bourrelets slightly developed, L.frr.
{ Toarc.)-U.Jur.( Gxford.}, Eu. Fic. 384,1. *G.
agariciformis (Wriant), M.Jur.(Inferier Oolite),
G.Brit.; Ja-e, aboral, oral, post, X1; Id, amb, V
phyllade, X 10 (98).

Hyboclypus L. Acasstz, 1839, p. 75 [*H. gibberu-
Insy OD, M] [=Hyboclypeus Gray, 1840 (nomi.
null.); Hyboclipus Desor, 1842 (nom. null. )}
Hyboclybus Stsmoxpa, 1842 {(mom. nul}; Hybo-
dyhus Evray, 1839 (nom. null); Aulacopygus
Poner, 1883 (type, Hyboclypus candattrs WRIGHT,
1851, p. 100)]. Flongate apical system. oculars
It and IV usually in contact; bourrelets absent or
slightly developed. Jur., Eu. Fic. 384,2. *H.
gibberulus, M. Jur. (Bajoc.)-U. Jur, (Kimmeridg.),
Fr.: 2a,b, aboral, oral, X1 (98).

(noni.

Family CLYPEIDAE Lambert, 1398

Medium-sized to large, low; apical sys-
tem tetrabasal; perals broad, outer pores
slitlike, all ambulacral plates double-pored;
periproct usually longitudinal; peristome
anterior, bourrelets usually well developed;
phyllodes in early species with 3 series of
pore pairs in each half-ambulacrum, in later
only one; no buccal pores. Jur-U.Cret.
Clypeus Leske, 1778, p. 93 [*C. plotii; 5D, Kizr,
1958, p. 30] [=—Echinoclypeus DE BLAINVILLE,
1830 (obi.): Awuloclypeus Pomer, 1883, p. 60
(type, Nucleolites michelini Wricur, 1851, p. 23);
Crotoclypeis Pomrr, 1883, p. 60 (type, Nucleo-
lites agassizi Wricnr, 1851, p. 368); Dactylo-
clypens Maccacno, 1947, p. 126 (wpe, Clypeus
wylliet Currig, 1925, p, 63)]. Broad; petals long,
broad; periproet supramarginal; bourrelets well
developed; phylledes with many pore pairs. M.
Jur. { Bajoe.)-U. Jur. ( Kimmeridg.), Eu.-Afr.
FiG. 3864 *C. plotii, M.Jur.(Inferior Oolite), G.
Brit. aberal, X0.5 (98}. Fic. 385,1. C. sinua-
tas LEskE, M.Jur.(Gr. QOolite), Fr.: amb. I phyll-
ode, X4 (98},
Astrolampas Pouer, 1883, p. 63 [*Pygurus pro-
ductus 1.. Acassiz, 1836; OD]. Elongate; bour-
relets slightly developed, not inflated; phyllodes
long, narrow. Cret.(Valangin,-Cenonan.}, Eu.-
Syria. Fie. 386,3. *4, productus (L., Acassiz),
L.Cret., Switz.; Ja,5, aboral, oral, X1 (98).
Bothryopneustes Fourtav, 1924, p. 27 [*B. lam-
bert; SD Curkiy, 1927, p, 425] [==Clypeobrissus
Currir, 1925, p. 69 {type, C. somaliensis)]. Me-
dium-sized, margin well rounded: periproct mar-
ginal to inframarginal; bourrelets well developed;
phyllodes slightly broadened, with many pore
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Fiu. 385, Clypeidae (p. U499).

pairs, Jur.f Bathon.-Callor.), Afr. Fic. 386,24-c.
*B. lamberti, Fgypt; 2a-c, aboral, lat, aral, X2
(98). Fic. 386,2d4. B. somaliensis {CURRIE},
U.jur., Somaliland; aberal, X1 (98).

Psendopygurus Laszert, 1911, p. 184 [*P. ferter-
oui; OD, M]. Large; petal 1I absent or slightly
developed; periproct inframarginal; bourrelets well
developed; phyllodes with many pore pairs. U.Jur.
(Seguan.), Eu.-Afr. Fic. 386,1. *P. letteroni,
Fr.; la-c, ahoral, oral, lat, X1; 1d, adapical, X4
(98).

Pygurus L. Acassiz, 1839, p. 68 [*Eckinolampas
montmolling L, Acassiz, 1836, p. 1330 5D Savis,
1902, p. 271) [=P?Lchinanthites Lesge, 1778
{no type-species)]. Large, petals broad; peripract
inframarginal; bourrelets well developed; phyllodes
varying from broad with few pore pairs to narrow
with many pore pairs. M. Jur.(Bajoc.)-U. Cret.
{ Cenoman.), cosmaop.

P. (Pygurus) [=Eckhinopygus »'Oreicny, 1836,
p. 303 (tvpe, Clypeaster oviformis LAMARCK,
1816, p. 15)]. Slightly elongate; apical system
anterior; broad phyllodes, U Jur.( Oxford.)-U.Cree.
{Cenomatn.), Eu.-Afr-N,Am. Fia. 385,2:
387,1. *P. mommollini (L. Acassiz}, L.Cret.
{Neocom.), Fr.; 383,2, phyllade, enlarged; 387.1,
aboral, X1 (98).

P. (Mepygurus) Pomer, 1883, p, 65 [*Prgurus
michelini Cotrear, 1849, p. 70 (=Pygurus de-
pressus Acassiz, 1847, p. 162); 81> Lasmeery &
Tuitry, 1921, p. 356]. Low, broad; central apical
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system; narrow phyllodes with many pore pairs. Family NUCLEOLITIDAE

Jur.( Bajoc.-Oxford.), Eu,-Afr. Fic. 388.1. *P. L. Agassiz & Desor, 1847

(M.) depressus (Acassiz), M.Jur.(Callov.), Fr.; Apical system tetrabasal; petals p—
£a,6; aboeal, ecal, 0.5 (20): erately developed 11 en, with nar-
P. (Pyguropsis) e Lorior, 1902, p. 32 [*P. noet- Y o pid, "usialy” Open,

lingi pe Lowor, 1899, p, 4: OD]. Test thick, oW poriferous zones; usually double pores
sides steep. [7. Cret. (Cenoman.), Lebanon. in all ambulacral plates; phyllodes narrow;

Fic. 387.2. *P. (P.) noetlingt; 2a-c, aboral, oral, bourrelets modcratcly developed. M .jur.-
lat.,, X2 (98). U.Cret.

1d

Pseudopygurus

Bothryopneustes
Fic. 386. Clypeidae (p. U499).
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Pygurus

Pyguropsis

Fic. 387. Clypeidae (p. U499-U500).

Mepygurus

Fic. 388, Clypeidae (p. U499-U500).

Nucleolites Lamarck, 1801, p. 347 [*N. scutatus
Lamarck, 1816, p. 36; SD Lamserrt, 1889]
[=Echinobrissus Gray, 1825, p. 429 (obj.); Acro-
mazus Pomer, 1883, p. 58 (type, Echinobrissus
burgundiae Corteau, 1871, p. 259); Clitopygus
PomeL, 1883, p. 58 (type, Echinobrissus lorioli
CorreAu, 1871, p. 236); Cluniculus PomeL, 1883,
p. 57 (type, Nucleolites gracilis L. Acasstz, 1840,
p. 44); Holcoepygus Pomer, 1883, p. 58 (type,
Nucleolites elongatus L. Acsssiz, 1840, p. 4);
Lophopygus Pomer, 1883, p. 57 (type, Nucleolites
cordatus Govrpruss, 1826, p. 142); Notopygus
Pomer, 1883, p. 58 (type, Nucleolites amplus L.
Acassiz in Acassiz & DEsor, 1847, p. 96); Taphro-
pygus Pomer, 1883, p. 59 (type, Nucleolites sub-
quadratus L. Acassiz, 1839, p. 41); Thigepygus
PomzL, 1883, p. 59 (type, Echinobrissus humilis
GauTHIER, 1875, p. 79); ?Heteronuclens Lam-
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2a
Oolopygus

Hypopygurus

.4

Catopygus
Nucleolites

6
Clypeopygus

5¢

Hemicara

Fic. 389. Nucleolitidae (p. U501, U503, U505).
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Phyllobrissus Catopygus Pygorhynchus

Fic. 390. Nucleolitidae (p. U501, U503, U5053-U506),

BerT, 1911, p. 184 (type, H. peroni}]. Small to
medium-sized, usually with greatest width pos-
terior to cehter, thick margins; all ambulacral plates
double-pored; no buccal pores, M. Jur.(Bajoc.j-U.
Cret.f Cenoman.), Lu.-Afr. Frc. 389,1; 390,1.
*N. seutatns Lamanrck, UlJur.(Oxford.), Fr,;
389,7a-¢, aboral, oral, lat, X2; 390,], amb I

phyliﬂdf‘,

Catopygus
caritialig

1865, p.

%10 (98).

L. Acassiz, 1836, p. 185 [*Nucleolises
Gorpruss, 1826, p. 142; SD Corrrav,
121] [=Penesticta PomeL, 1883, p. 64

(type, Oolopygus bargesii p'OreicNY, 1836, pl.

976)]. Small, oval, highly inflated; 3 or 4 genital
pores; petals flush, all ambulacral plates double-
pored; periproct marginal; bourrclets well devel-
oped; phyllades with 2 series of pore pairs in each
half-ambulacrum, inner pore usually smaller than
outer; no buccal pores. U.Jur.(Kimmeridg.)-U.
Cret.f{ Senon.), cosmop. Fic. 389,4; 390,6; 391,
4, *C. carinatus {Goupruss), U.Cret.{Cenoman.),
Fr.; 389,4, lat,, X 1; 390,6, amb V phyllode; 391,
4a,b, aboral, oral, X2 (98}.

Clypeopygus »'Oreiewy, 1856, p. 201 [*Clypeus
panltrei Correav, 1851, p. 291; SD p'OrpieNy,
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Phyllobrissus

Pseudosorella

Plagiochasma

Catopygus Pygaulus

Fre. 391. Nucleolitidae (p. U503, U505-U506).
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Pygopistes

Us05

Pygorhynchus

Fic. 392. Nucleolitidae (p. U506).

1858, p. 422]. Medium-sized, flat; all ambulacral
plates double-pored; periproct supramarginal;
bourrelets well developed; phyllodes broad, with
2 series in each half-ambulacrum; no buccal pores.
Cret.( Neacom.-Cenoman.), Eu.-Afr. Fic. 389,
6; 390,2. *C. panltrei (Correau), L.Cret.(Neo-
com.), Fr.; 389,6, aboral, X1; 390,2, amb II
phyllode (98).

Hemicara ScuriTer, 1902 [*H. pomeranum; OD].
Medium-sized, petals very slightly developed, nar-
row: all ambulacral plates double-pored; periproct
inframarginal; phyllodes widened; no buccal pores.
U.Cret.; Eu. Fic. 389,5. *H. pomeranum, U.
Cret., Pol.; Sa-¢, aboral, oral, post, X2 (98).
Hypopygurus Gavuthier, 1889, p. 37 [*H. gaudryi;
0D, M]. Low, elongate, pointed posterior margin;
petals broad, open, straight poriferous zones, all
ambulacral plates double-pored; periproct infra-
marginal: bourrelets well developed: phyllodes
broadened, with pore pairs in 2 series in each half-
ambulacrum; buccal pores. U.Cret.(Cenoman.),
Tunisia. Fic. 389,3; 390.4. *H. gaudrvi; 389,
3a,b, aboral, oral, X1; 390,4, amb III phyllode,
X5 (98).

Oolopygus p'OreIGNY, 1856, p. 976 [*O. pyriformis
p'OreIGNY, 1856 (non Echinites pyriformis LESKE,
1778=0. gracilis LamserT, 1909, p. 20; SD Cor-
TEAU, 1860)] [=?Pseudonuclens Laveert, 1920,
p. 17 (wvpe, Pseudonucleus malladai LansEeRrT,
1920, p. 17)]. Small to medium-sized; elongate,
highly inflated; 3 or 4 genital pores; petals slight-
ly developed, flush, ambulacral plates beyond petals
single-pored; periproct marginal; broad phyllodes;
well-developed bourrelets; buccal pores. U.Cret.
(Senon.), Eu. Fic, 389,2; 390,3. *O. gracilis
LameerT, Fr.; 389,244, aboral, oral, %2; 390.3,
amb V phyllode, X 15 (98).

Phyllobrissus Correav, 1859, p. 81 [*Catopygus
gresslyi L. Acassiz, 1839, p. 49; SD CorTEau,
1860, p. 553] [=Anthobrissus Pomer, 1883, p.
60 (type, Nucleolites cerceleti DEsor in Acassiz &

Desor, 1847, p. 155): Trochalia Pomer, 1883
(type, Echinobrissus requieni DESOR In AGassiz
& Dszsor, 1847, p. 96) (mon SuareE, 1850);
Asterobrissus pE Lorior, 1888, p. 104 (nom. van.
pro Trochalin)]. Small, slightly depressed ad-
apically; petals of approximately equal length, all
ambulacral plates double-pored; periproct slightly
visible dorsally; bourrelets fairly well developed;
phyllodes slightly broadened, inner pore of each
pair reduced in size; no buccal pores. U.jur.
(Kimmeridg.) - U. Cret.(Senon.), Eu.-India-USA.
Fic. 390,5; 391,71, *P. gresslyi (L, Acassiz),
L.Cret,(Neocom.), Fr.; 390,5, amb IV phyllode,
% 153 391,1a-¢, aboral, oral, X2 (98).
Plagiochasma PomEer, 1883, p. 59 [*Nucleolites
olfersii L. Acassiz, 1836, p. 133; SD MELVILLE,
1952, p. 1] [=Trematopygus p'OreicNyY, 1857,
p. 374 (ob).); Dochmostoma Duncan, 1891, p.
176 (obj.)]. Small to medium-sized, elongate;
petals usually unequal with petals V and T longer
than others, all ambulacral plates double-pored;
periproct supramarginal, longitudinal; bourrelets
slightly developed; phyllodes shightly widened: no
buccal pores. Cret.( Neacom.-Senon.), Eu.-Afr.-
USA. Fic. 391,3. *P. olfersii (L. Acassiz), L.
Cret.(Hauteriv,), fFr.; 3a-¢, aboral, oral, lat,
X2 (98).
Pseudosorella Frarron, 1859, p. 415 [*Desoria
orbignyana Cotreau, 1855, p. 227; OD, M]
[=Neoclypens ve Lorion, 1901, p. 33 (type, N.
syriacus) ], Medium-sized to large, broad, in-
flated; petals broad, long, all ambulacral plates
double-pored: periproct supramarginal, in contact
with apical system: phyllodes slightly broadened.
2 series of pore pairs in each half-ambulacrum: no
buccal pores. U.Jur. Ranrac.), Eu.-Syria. Fic.
391,2. *P. orbignyana (CottEau), Fr.: 2ab, ab-
oral, oral, lat, X2 (98). [=Pseudodesorella Cor-
TEAU, 1862, p. 124 (nom. null.).]
Pygaulus L. Acassiz, 1847, p. 158 [*P. desmoulin-
siiy; SD Correau, 1869, p. 124]. Medium-sized;
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clongate, sides usually parallel, highly inflated;
petals broad, poriferous zones narrow, all ambula-
cral plates double-pored; periproct inframarginal;
bourrelets slightly developed; phyllodes slightly

Echinolampas

Fic. 393. Echinolampadidae (p. U506-U508).

Echinodermata—Echinozoa—Echinoidea

developed, 2 series of pore pairs in each half-
ambulacrum; no buccal pores. Cret.(Neocom.-
Cenoman.), Eu. Fic. 390,8; 391,5. *P. des-
moulinsii, L.Cret.(Barrem.), Fr.; 390,8, phyllode,
% 10: 391,5¢-¢, aboral, oral, lat., X2 (98).

Pygopistes Ponmer, 1883, p. 56 [*Catopygus flori-
dus Coquanp (nom. nud.) (=Pygaulus coquandi
Correau, 1869, p. 243); OD, M]. Highly inflated;
apical system very far forward; petals long, all
ambulacral plates double-pored; periproct mar-
ginal; peristome oblique; bourrelets slightly devel-
oped; phyllodes slightly broadened, 2 series of
pore pairs in each half-ambulacrum; no buccal
pores. U.Cret.(Cenoman.), Afr. Fiec. 392,1.
*P. coguandi (CotrEau); la-c, aboral, oral, lat,
X2 (98).

Pygorhynchus L. Acassiz, 1839, p. 53 [*Catopygus
obovatus L. Acassiz, 1836, p. 136; SD LAMBERT,
1898, p. 162] [=Borriopygus p'ORBIGNY, 1856,
p. 334 (type, Catopygus obovatus L. Acassiz,
1836, p. 136; Bothriopygus GauTHIER in Morcan,
1902 (nom. null.)]. Medium-sized to large, great-
est width posterior to center; petals well devel-
oped, all ambulacral plates double-pored; peri-
proct marginal to inframarginal; peristome regu-
lar or oblique; bourrelets well developed; phyllodes
slightly broadened, 2 series of pore pairs in each
half-ambulacrum; no buccal pores. L.Cret.(Neo-
com.-Alb.), Eu.-Afr-N.Am. Fie. 390,7; 392,
2. *P. obovatus (L. Acassiz), L.Cret.( Neocom.),
Switz.; 390,7, amb III phyllode, X15; 392,2, ab-
oral, X1 (98).

Family ECHINOLAMPADIDAE
Gray, 1851

Medium-sized to large, usually highly
inflated; apical system tetrabasal or mono-
basal; petals long, open, usually with un-
equal poriferous zones, single pores in am-
bulacral plates beyond petals; periproct mar-
ginal to inframarginal, transverse or longi-
tudinal; bourrelets well developed; phyll-
odes widened, with few or many pores;
narrow, naked, granular zone in interam-
bulacrum 5; buccal pores. Crez.(Cenoman.)-
Ree.

Echinolampas Gray, 1825, p. 429 [*Echinus ovi-
formis Gmerin, 1789, p. 3187; SD PomeL, 1883,
p. 62] [=Hypsoclypus Pomer, 1869, p. 25 (type,
Conoclypus lucae DEsor in Acassiz & DEsor, 1847,
p. 168 =C. plagiosomus L. Acassiz, 1840, p. 5%
Palaeolam pas BeLL, 1880, p. 43 (type, P. crassa);
Merolampas Pomer, 1883, p. 63 (type, Echino-
lampas matisensis Quenstent, 1830, p. 489);
Miolampas Pomer, 1883, p. 62 (type, Echino-
lampas depressa Gray, 1851, p. 448): Sphelatus
PomzL, 1883, p. 54 (type, Caratomus lehoni Cot-
rrav, 1880, p. 25); Euechinolampas PoMEL, 1887,
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Echinolampas

Fic. 394. Echinolampadidae (p. U506-U508).

Parapygus

lc
Arnaudaster

Us07

p. 127 (type, Echinolampas florescens PomEL,
1883, p. 26); Palaeclampas Pomer, 1887 (non
BeLr, 1880); Craterolampas Corteau, 1891, p.
186 (type, Echinolampas raulini CorrTEAU, 1863,
p. 107); Heteroelypeus Corteau, 1891, p. 104
(type, Galerites semiglobus Lamarck, 1816, p.
311); Progonolampas BITTNER, 1892, p. 357 (type,
P. novae hollandae —Echinolampas posterocrassus
GrEGory, 1890, p. 483); ?Aplolampas LAMBERT,
1906, p. 32 (type, Echinolampas montevialensis
ScHavuroTH, 1865, p. 191); Cypholampas Lam-
BErT, 1906, p. 33 (type, Clypeaster stelliferus
Lamarck, 1816, p. 16); Isolampas LAMBERT,
1906, p. 33 (type, Echinolampas goujoni PoMEL,
1888, p. 376); Macrolampas Lamsert, 1906, p.
33 (type, Clypeaster hemisphericus LAMARCE,
1816, p. 293); Scutolampas Lameert, 1906, p. 33
(type, Conoclypus plagiosomus L. Acassiz, 1840,
p. 5); Psammolampas Lampert, 1913, p. 136
(type, Echinolampas  scutiformis  DESMOULINS,
1837, p. 348); Libyolampas Lamsert, 1914, p.
112 (type, Echinolampas africanus DE LorioL,
1888, p. 34); Cylindrolampas LamserT, 1918, p.
44 (type, Echinolampas subcylindricus DEsor,
1853, p. 277); Oeidolampas Lamsert, 1918, p.

Plesiolampas

Fic. 395. Echinolampadidae (p. U508).
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Conolampas

Fic. 396. Echinolampadidae (p. U508).

44 (type, Echinolampas ataxensis CorTeau, 1890,
p. 80): Politolampas LamserT, 1918, p. 45 (type,
Clypeaster politus Lamarck, 1816, p. 293): Plani-
lampas MorTENnsEN, 1948, p. 297 (type, Echino-
lampas sternopetala Acassiz & CLARKE, 1907, p.
130); Hypsoheteroclypeus SzorEnyi, 1953, p. 76
(type, Hypsoelypus doma Pomer, 1887, p. 163)].
Medium-sized to large, usually inflated; apical
system monobasal; poriferous zones usually un-
equal, wide interporiferous zones. Eoc.-Rec., cos-
mop. Fic. 393,1; 394,1. *E. oviformis
(GuELIN), Rec., Ind.Ocean; 393,14-c, aboral, oral,
lat., X1; 394,1, amb IV phyllode, X8 (98).
[=Conolampas Pomew, 1883, p. 63 (non Acassiz,
1883) (type, Echinolampas fraasi pe LorioL,
1880); Pachylampas Lameert, 1918 (nom. van.
pro Macrolam pas, obj.) |

Echinodermata—Echinozoa—Echinoidea

Arnaudaster Lansert, 1918, p. 32 [*A. gauthieri
Lamsert, 1920, p. 152: SD Lamsert, 1920, p.
152]. Medium-sized, elongate, cylindrical; petals
well developed, unequal poriferous zones; peri-
proct marginal, longitudinal; phyllodes slightly
broadened. U.Cret.(Cenoman.), Fr. Fic. 393,
1. *A4. gauthieri LamBerT; la,b, aboral, oral, X2;
I, lat, X1 (98).

Conolampas A. Acassiz, 1883, p. 48 [*Conoclypus
sigsbei A. Acassiz, 1878, p. 190; OD, M]. Large,
high, circular; apical system monobasal; petals
long, straight, with narrow poriferous zones; peri-
proct inframarginal; bourrelets well developed;
phyllodes with many pores. Ree., W. Indies.
Fic. 396,1. *C. sigsbei (A. Acassiz), Rec., W.
Indies; Ia,b, aboral, oral, X1 (98).

Parapygus PomEeL, 1883, p. 61 [*Botriopygus cot-
teauanus D’ORBIGNY, 1856, p. 341; SD LAMBERT,
1898, p. 162] [=Pseundocatopygus COTTEAU &
GauTHIER, 1895, p. 62 (type, P. longior); Rostro-
pygus SzorEnyi, 1955, p. 66 (type, R. annae)].
Medium-sized to large, with well-rounded margin;
apical system tetrabasal; petals well developed;
periproct marginal, longitudinal; bourrelets well
developed; phyllodes broadened. U.Cret.(Turon.-
Senon.), Eu.-Afr. Fic. 394,2; 395,2. *P. cot-
teatianus (D’ORBIGNY), Fr.; 394,2, amb IV phyll-
ode, X5; 395,24,b, aboral, oral, X1 (98).
Plesiolampas Duncan & Sviapew, 1882, p. 9 [*P.
elongata; OD, M] [=Oriolampas Munier-CHAL-
Mas, 1882 (type, Amblypygus michelini CoTTEAU,
1856, p. 335)]. Medium-sized to large, low;
apical system monobasal; petals long, open, un-
equal poriferous zones; periproct inframarginal,
longitudinal; bourrelets well developed. Paleoc.-
Eoc., India-Afr.-Eu.-Tasmania. Fic. 395,3. P.
placenta Duncan & Srapewn, Paleoc., India; 3a-c,
aboral, oral, lat., X1 (98).

?Pygastrides Lovén, 1888 [*P. relictus; OD, M].
Based on immature specimen; generic characters
not known.

Family FAUJASIIDAE Lambert, 1905

[mom. correct. Kier, herein (pro Faujasidae LAMBERT,
1905, p. 13)]

Small to large, commonly broad, flat
oral surface; apical system monobasal or
tetrabasal; periproct supramarginal or infra-
marginal; petals equal, broad, closed (except
in Australanthus), outer pore slitlike; single
pore in all ambulacral plates beyond petals;
bourrelets strongly developed; phyllodes
very wide; buccal pores; naked granular
zone in interambulacrum 5. U.Crer.-Eoc.
Faujasia p'OrB16NY, 1856, p. 290 [*Pygurus apicalis

Desor, 1847, p. 162; SD Lampert & THIERY,
1921, p. 273]. Small to medium-sized, blunt an-
terior, pointed posterior; apical system monobasal,
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Fic. 397. Faujasiidae (p. U510, U512).
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Fic. 398, Faujasiidae {p. U510, U512).

genital peres in interambulacra; petals short, broad,
equal, closed; periproct inframarginal, transverse;
phyllodes with pores arranged in arc. U.Crez
(Maastriche.j, Tu. Fic. 397,17, 398,3. *F.
apicalis (Desor), Belg; 397,1a-c, aboral, oral,
lat, % 2; 398,345, apical system, phyllodes, X15,
X & (98).

Aunstralanthus Bitreer, 1892, p. 350 [*Cassidulus
longianus GREGORY, 1890, p., 482; OD]. Medium-
sized, oval, moderately inflated; apical system
monaobasal; petals broad, shert, open, pores strong-
ly conjugate with equal poriferous zomes, peri-
proct supramarginal, longiwdinal; phylledes with
few pores; adorally tubercles much larger. U.Eoc.,
Australia. Fic. 397,2. *4. longianus (GREG-
ory), Jamukian; 24-¢, aboral, oral, lat., X1 (98).

Domechinus Kier, 1962, p. 141 [*Fawjasia chel-
onium CookE, 1953, p. 14; OD]. Medium-sized,
highly inflated; apical systern monobasal, petals
broad, equal, closed; periproct marginal to infra-
marginal, transverse; phyllodes with two series of

pores in each half-ambulacrum. U. Crei.
( Muastriche.), USA, Fic. 397,3. *D. chelonium
(Cooke), USA(Tex.); 3a-¢, aboral, oral, lat,

X 1.5 {98).

Eurypetalum Kier, 1962, p. 140 [*Echinolampas
faujasia DEssMouLins, 1837, p. 346; OD), Medium-
sized, blunt anterior, pointed posterior, aboral
surface moderately inflated, flat adoral; apical sys-
tem tetrabasal, genital pores in genital plates;
petals broad, elosed, equal; periproct inframarginal,
transverse; phyllodes broad. U. Cret.[Scnon.-
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Fic. 399. Faujasiidae (p. U512-U513).
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Petalobrissus

Echinodermata—FEchinozoa—Echinoidea

Pygurostoma

Fic. 400. Faujasiidae (p. U512-U513).

Maastricht.), Eu. Fic. 397.4. *E. [aujasii
(DEsmouLINs), Maastricht., Belg; 4a,b, aboral,
lat,, X 1.5 (98).

Fauraster LamperT in Lamsert & THifry, 1924,
p. 396 [*F. priscus; OD]. Small, flattened; apical
system tetrabasal; petals broad, equal, wide inter-
poriferous zones; periproct supramarginal, broad
bourrelets strongly developed, toothlike. U.Cret.
(Maastricht.), Spain. Fic, 397,5. *F. priscus,
Spain; Ja-c, aboral, oral, lat,, X2 (98).

Gongrochanus Kier, 1962, p. 131 [pro Cyriema
M’'Crerranp, 1840, p. 185 (non MEeicen, 1824)]
[*Cyrtoma herscheliana M'CLeLLanp, 1840, p.
185; OD]. Large, broad, aboral surface highly
inflated with posterior truncated, oral surface
flat; apical system tetrabasal, 3 genital pores in
type-species: petals broad, outer pore slitlike; peri-
proct supramarginal, longitudinal, in notch;
phyllodes very broad with many pores; prominent
bulge in median area of each ambulacrum in
phyllode. U.Cret.(Senon.), India. Fic. 398,1;
3994, *G. herscheliana (M'CLELLAND), Senon.,
India; 398,I, amb V phyllode, X7?; 399,445,
aboral, lat, X1; 399,4¢, floscelle of paratype,
%1 (98).

Hardouinia Haime in p'Arcuiac & Haime, 1853,
p. 214 [*Pygorhynchus mortonis MicHeLIN, 1850,
p. 240; OD, M] [=Genioclypeus Emmons, 1858
(type, G. subangulata); Harduinia Pomer, 1883
(nom. null.); Clarkiella LamserT, 1916 (type,
Cassidulus conoideus CLark in CLARK & TwiTcH-
ELL, 1915, p. 80; SD Lamsert & THifry, 1921,
p. 369); Cossmanaster LamBert, 1920, p. 138
(nom. van. pro Clarkiella); Clarkella LamserT,
1920 (non Warcorr, 1908) (nom. null.)]. Me-

dium-sized to large, commonly highly inflated,
oral side flat; apical system tetrabasal; petals very
broad, closed; periproct supramarginal, longitudi-
nal; bourrelets strongly developed, commonly
toothlike; phyllodes moderately to very wide;
tubercles much larger adorally; naked granular
zone in interambulacrum 5. U.Cret.(Turon.-
Maastricht.), N.Am. Fic. 398,4; 399,1. *H.
mortonis (MicHeLiN), Maastricht., Miss.; 3984,
amb V phyllode, X6; 399,1a-c, aboral, oral, lat.,
*1 (98).

Lefortia Cossmanw, 1901 (Jan.), p. 58 [*Pomelia
delgadoi pE Lowrior, 1900, p. 67; OD, M)]
[=Pomelia pe Lorior, 1900, p. 66 (obj.) (non
Z1TTEL, 1878); Pomelopsis pE Lorior, 1901 (May),
p. 45 (obj.)]. Small, low, broad, flat, oral sur-
face; apical system tetrabasal, genital pores in
genital plates; petals long, broad, closed; periproct
marginal, longitudinal; phyllodes broad. U.Crez.
(Senon.), Eu.-India-Afr.-N.Am. Frc. 399,2.
*[.. delgadoi (peE Lorior), Senon., Port.; Z2a-c,
aboral, oral, lat.,, X2 (98).

Petalobrissus LamserT, 1916, p. 82 [*Echinobrissus
setifensis CorrEAU, 1866, p. 267; OD]. Small to
medium-sized; apical system tetrabasal, 4 genital
pores; petals broad, equal; periproct supramarginal
to marginal, longitudinal; phyllodes broad; naked
median zone in interambulacrum 5. U.Cret.
(Cenoman.-Maastricht.), Afr.-N.Am. Fic. 398,
5 399,5; 400,I. *P. setifensis (CorTEAU),
Maastricht., Algeria; 398,5, amb I phyllode, X15;
399,5, oral, %2; 400,1a,b, aboral, lat., X2 (98).

Pygidiolampas CLark, 1923, p. 345 [*P. eurynota:
OD]. Medium-sized, broad, circular except for
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pointed posterior extremity; aboral surface in-
flated, oral side flat; apical system tetrabasal; petals
broad, equal, closed, with very wide interpori-
ferous zones; periproct inframarginal, longitudinal;
bourrelets strongly developed, toothlike; phyllodes
very broad. U.Cret.(Campan.), N.Am. Fia.
399,3. *P. eurynota, Campan., USA(S.Car.); 3a-c,
aboral, oral, lat., X1 (98).

Pygurostoma CorTeau & Gauthier, 1895, p. 51
[*P. morgani; OD, M]. Medium-sized to large,
low; apical system tetrabasal; periproct marginal
to inframarginal, longitudinal; petals broad, equal,
closed; phyllodes broad, with many pores, U.Cret.
(Senon.), S.Am.-Asia(Iran). Fic. 398,2; 400,
2. *P. morgani, Senon., Iran; 398,2, amb V
phyllode, x6; 400,2a,6, aboral, oral, X1 (98).

Stigmatopygus p’OREIGNY, 1836, p. 331 [*S. galea-
tus; SD Lamsert & Thiery, 1921, p. 363].
Medium-sized to large, aborally inflated, orally
flattened; apical system tetrabasal; petals broad,
equal, closed; periproct supramarginal, longitudi-
nal, high on oblique posterior truncation with
deep transverse groove ventral to opening; phyll-
odes very broad. U.Cret.(Cenoman.-Senon.), Eu.-
Afr. Fic. 401,1. 8. laméberti Besarie, Campan.,
Madag.; la-d, aboral, oral, lat., post., X1 (98).

Family ARCHIACIIDAE
Cotteau & Triger, 1869

[nom. correet. Kizr, herein (pro Archiacidae Correau &
TrIGER, 1869, p. 426) ]

Medium-sized, highly inflated; apical sys-
tem tetrabasal, very anterior; periproct in-
framarginal, longitudinal; peristome very
eccentric anteriorly, longitudinal; petals
broad, closed, petal III absent or very short,
with doubling of pores; single or double
pores in ambulacral plates beyond petals;
bourrelets moderately developed; phyllodes
slightly widened; with or without buccal
pores. Cret.

Archiacia L. Acassiz, 1847, p. 159 [*4. sandalina;
SD p’OreIcNY, 1856, p. 284]. Medium-sized, high,
oral surface flat; double pores in ambulacral plates
beyond petals. Cret.(Neocom.-Cenoman.), Eu.-
Afr. Fic. 402,1a-c. *A. sandalina, Cenoman.,
Fr.; la-c, aboral, oral, lat., X2 (98). Fic. 402,
1d. A. saadensis Perox & Gavuthier, Cenoman.,
Tunisia; amb II phyllode, X8 (98).

Gentilia Lameert, 1918, p. 35 [*G. rafileltensis;
SD Lamsert, 1920, p. 154] [=Thomasia Lam-
pErT, 1918 (type, Archiacia araidahensis GAUTH-
1ER, 1889, p. 18) (non Pocug, 1908); Thomasaster
Lameert, 1920, p. 138 (mom. van. pro
Thomasia)]. Medium-sized, high, oral surface flat;
single pores in phyllodes beyond petals. U.Cret.
(Cenoman.), Afr, Fic. 402,2. G. syriensis
Kier, Syria; 2a-c, aboral, oral, lat, X1.5; 2d,
amb IV phyllode, X 10 (98).

Stigmatopygus

Fic. 401, Faujasiidae (p. U513).

U513
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Fic, 402, Archiaciidae (p, U513).

Family CASSIDULIDAE
L. Agassiz & Desor, 1847

Small to large, oral surface flat; apical
system monobasal or tetrabasal; periproct
supramarginal to marginal, longitudinal or
transverse; pcristome transverse; pctals
broad, usually equal, commonly inconspicu-
ous, ambulacral plates double-pored in pre-
Senonian species; bourrelets well developed;
buccal pores absent in pre-Senonian species;
tubercles much larger adorally, naked zone
in interambulacrum 5 adorally. L.Cret.-Rec.
Cassidulus Lanmarck, 1801, p. 348 [*C. cariboe-
arum; OD, M] [=Glossaster LamserT, 1918, p.
39 (type, Cassidulus sorigneti CorTeAU, 1887, p.
512)]. Small; apical system monobasal; petals
straight, open, ambulacral plates beyond petals
single-pored; periproct supramarginal; phyllodes
with few pores; buccal pores present. Eoc.-Rec.,
COSMOop. Fic, 403,1; 404,2. *C. cariboearum,
Rec., W.lndies; 403,la-c, aboral, oral, lat, X2;
404,2, amb T ghyllode, X 13 (98).
Hypsopygaster Bayarunas, 1915, p. 230 [*H. ungo-
sensis; OD, M]. Small, posterior margin trun-
cated with periproct high on truncation; apical
system monobasal with three genital pores, no
pore in left anterior genital plate; petals slightly
developed, ambulacral plates single-pored beyond

petals; bourrelets toothlike; phyllodes broad with
few pores; buccal pores present. Paleoe.(Danian),
USSR. Fic. 403,4. *H. ungosensis; 4a,b, ab-
oral, oral, X4 (98).

Nucleopygus L. Acassiz, 1840, p. 7 [*N. minor
Desor, 1842, p. 33; SD Lamsert, 1898, p. 165]
[=Lychnidius Pomer, 1883, p. 55 (type, Nucleo-
lites scrobiculatus Goupruss, 1826, p. 138); Poro-
brissus Lamsert, 1916, p. 169 (type, Echino-
brissus angustatus CLARK, 1915, p. 69)]. Small;
apical system tetrabasal; petals inconspicuous, am-
bulacral plates beyond petals single-pored; peri-
proct supramarginal, longitudinal; bourrelets not
pointed, slightly to moderately developed; phyll-
odes narrow; buccal pores present. U.Cret.
(Cenoman.-Maastricht.), Eu.-Afr.-N.Am. Fic.
403,3; 404,4. *N. minor DEesor, Senon., Fr.; 403,
3a,b, aboral, oral, X3; 404,4, amb V phyllode,
X135 (98).

Ochetes Pomer, 1883, p. 57 [*Nucleolites morrisii
Forses, 1849, p. 8; SD Kier, 1962, p. 170].
Small; apical system tetrabasal; petals slightly de-
veloped; double pores in all ambulacral plates;
periproct supramarginal, in deep groove; bourrelets
well developed; spheridia in 2 rows in each am-
bulacrum; no buccal pores. Cret.( Alb.-Cenoman.),
G.Brit. Fic. 404,3; 405,1. *0. morrisii, Alb.;
404,3, amb III phyllode, x20; 405,1a, lat., X2;
405,14,¢, aboral, oral, x4 (98).

Rhyncholampas A. Acassiz, 1869, p. 270 [*Pygor-
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Fic. 403. Cassidulidae (p. U514-U515).

hynchus pacificus A, Acassiz, 1863, p. 27; SD

Lamsert, 1918, p. 41] [=Galerolampas Cor-
TEAU, 1889, p. 1 (type, G. sorigneti); Plagiopygus
Lamsert, 1898, p. 162 (type, Nucleolites grig-
nonensis DEFRANCE, 1825, p. 214); Gisopygus
GauTHIER, 1889, p. 648 (type, Rhynchopygus
navillei pE Lorior, 1880, p. 29); Pleuropygus
LamBerT & Tuiéry, 1913 (nom. van. pro Plagio-
pygus); Anisopetalus Arworp & CrLarg, 1927,
p. 44 (wpe, A. ellipticus)]. Medium-sized to
large, greatest width posterior to center; apical
system monobasal; petals lanceolate, equal, closed,
with unequal poriferous zones; periproct slightly
supramarginal, marginal, or slightly inframarginal,
transverse; bourrelets moderately developed: phyll-
odes widened. Palcoc.-Rec., cosmop. Fic. 404,
I; 406,1. *R. pacificus (A, Acassiz), Rec., N.Am.
(W.Coast): 404,71, amb II phyllode, X10; 406,
la-c, aboral, lat., oral, X1 (98).

Rhynchopygus p'Orsiony, 1856, p. 323 [*Cassi-
dulus marmini L. Acassiz in Acassiz & Desor,
1847, p. 157; OD, M] [=?Paralampas DuncaN &
Suapen, 1882, p. 72 (type, P. pileus); Procassi-
dulus LamserT, 1918, p. 33 (type, Echinites lapis-
caneri LEskg, 1778, p. 256)]. Small, greatest
width posterior to center, oral surface flat, apical

system tetrabasal; ambulacral plates beyond petals
with single pores; periproct supramarginal, trans-
verse or longitudinal; bourrelets well developed;
phyllode wide, few pores, U.Cret.(Turon.-
Maastricht.), Eu. Fic. 403,2; 404,5. *R. mar-
mini (L. Acassiz), Maastricht, Neth.; 4032a-c,
aboral, lat, oral, X2; 404,5, floscelle, X6 (98).

Family CLYPEOLAMPADIDAE
Kier, 1962

Large, highly inflated, oral surface flat;
apical system tetrabasal or monobasal; petals
broad, straight, open, long, poriferous zones
of same petal of equal length, ambulacral
plates beyond petals single-pored; periproct
inframarginal, transverse; bourrelets mod-
erately to strongly developed; buccal pores
present; narrow, naked granular zone in in-
interambulacrum 5 adorally. U.Cret.(Ceno-
man.-Maastricht.).

Clypeolampas Pomer, 1869, p. 25 [*Clypeaster
leskel GoLpruss, 1829, p. 132 (=*Galerites ovatus
Laniarck, 1816, p. 22; OD, M| [=Phylloclypeus
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Nucleopygus

PR,
i 0
5 , Rhynchopygus

Fic. 404, Cassidulidae (p. U514-U515).

pE LorioL, 1880, p. 79 (obj.)]. Petals very large
with broad poriferous zones; apical system mono-
basal; bourrelets strongly developed; phyllodes
broad, crowded: large tubercles on aboral sur-
face. U. Cret. (Campan. - Maastricht.), Eu. - Asia
(India). Fic. 407,1; 408,1. *C. ovatus (La-

Echinodermata—Echinozoa—Echinoidea

MARCK), Maastricht., Fr.; 407,1, amb III phyllode,
X 6; 408,1a-c, aboral, oral, lat., X1 (98).
Vologesia CorreaU & GaUTHIER, 1895, p. 65 [*V.
tataosi; OD, M] [=Hungaresia SzorEnyi, 1955,
p. 76 (type, H. hungarica); Psendovulechinus
SzorEnyr, 1955, p. 79 (type, P. rotundatus)].
Apical system tetrabasal; floscelle moderately de-
veloped; no large tubercles adapically. U.Cret.
( Cenaoman.-Maastricht.), Eu.-Asia (Iran). FiG.
408,2. V. ovum (GrareLour), Senon., Switz.;
aboral, X1 (98).

Ochetes

Fic. 405. Cassidulidae (p. U514).
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Family PLIOLAMPADIDAE Kier, 1962

Medium-sized to large, apical system
monobasal, 3 or 4 genital pores; petaloid
pores strongly conjugate, single pore in all
ambulacral plates beyond petals; periproct
marginal, inframarginal or supramarginal,
usually longitudinal; bourrelets usually well
developed; buccal pores; usually no naked
zone in interambulacrum 5 adorally. U.Crer.
(Senon.)-Ree.

Fic. 406. Cassidulidae (p. U515).
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Fic. 407. Clypeolampadidae (p. U515-U516).

Pliolampas Powmer, 1888, p. 446 [*Echinolampas
gauthiert CotTEau, 1880, p. 446; OD, M)
[=Breynella Grecory, 1891, p. 600 (type,
Pygorhynchus wvassalli Wricur, 1855, p. 271);
Milletia Duxcan, 1891, p. 191 (type, Echino-
lampas elegantulus Cotteavu, 1883, p. 458)].
Medium-sized, apical system with 3 or 4 genital
pores; petals well developed; phyllodes broad with
large pores. Eoc.-Plio., Eu.-Afr.-Malaya. Fic.
409,3; 410,6. *P. gauthieri (CorTEAU), Mio., Fr.;
409,3a,b, aboral, oral, X2; 410,6, amb I phyllode,
X 15 (98). [=Plesiolampas Pomzi, 1883 (non
Duncav & Svapen, 1882) (type, Echinolam pas
gauthieri CorTeAU, 1880, M).]

Daradaster Tesster, 1952, p. 295 [*D. peroni; OD,
M]. Adapical system with genital pores widely
separated from each other; petals extremely broad,
closed, with poriferous zones of same petal widely
separated near apical system; interiporiferous zones
extremely  wide; periproct marginal; phyllodes
very wide; bourrelets strongly developed, tooth-
like. Eoc., Afr.(Senegal).

Eurhodia Hamvme, 1853, p, 213 [*E. morrisi; OD,
M] [=Ravenelia McCrapy, 1859, p. 283 (type,
Pygorhynchus rugosa Ravener, 1848, p. 4)].
Elongate, low, oral side flattened; petals equal,
broad; periproct supramarginal; peristome higher
than wide; bourrelets strongly developed. Paleoc.-
Eoe., Asia(India)-Eu.-Afr.-N.Am. Fic. 409,2;
410,1. *E. morrisi, Paleoc., India; 409,2¢,4, aboral,
oral, X 1: 410,7, amb IIT phvllade, 310 (98).
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Vologesia

Echinodermata—Echinozoa—=Echinoidea

Fic. 408. Clypeolampadidae (p. U515-U516).

Gitolampas Gautmizr, 1889, p. 98 [*Pliolampas
tunctana GavrtHiER, 1889, p. 99; OD, M]
[==Bothriolampas GAUTHIER, 1899, p. 652 (obj.):
Gitolampopsis Cueccuia-Rispors, 1921, p. 18
(type, Gitolampas lamberti CrrccHIA-RisPOLI,
1921, p. 18): Echanthus CookE, 1942, p. 37 (type,
FEchinanthus georgiensis Twrrener, 1915, p.
139)]. Poriferous zones of same petal of equal
length; periproct marginal, longitudinal; peristome
transverse: bourrelets well developed; phyllodes
broad, U.Cret.(Senon.)-Mio., Eu.-Afr.-N.Am.-Asia
(India). Fic. 409,1; 410,3. *G. tunetana
(GauTnier), Campan., Tunisia; 4091z, oral,
aboral, lat. X 1.5; 410,3, amb II phyllode, X15
(98).

Ilarionia Dames, 1878, p. 34 [*Echinanthus beg-
giatoi Lavsg, 1868, p. 22; OD, M]. Inflated, with
steep sides, oral side flat; petals closed, narrow

poriferaus zones; periproct marginal, longitudinal;
peristome usually with rim; bourrelets vertical,
not inflated; phyllodes narrow, with few pores;
very narrow naked zone in interambulacrum 5
adorally. Eoc., Eu.-Asia(India)-Afr. Fic. 409,
4, ¥1. beggiatol (Lausg), Ttaly; 4a-c, aboral, oral,
lat.,, X1 (98).

Kephrenia Fourtau, 1909, p. 138 [*K. loricli;
OD]. Petals closed, narrow poriferous zones;
periproct marginal, transverse; peristome higher
than wide. Eoc., Egypt. Fic. 409,5. *K. lorioli;
5a-d, oral, aboral, lat., post.,, X2 (98).
Neocatopygus Duncan & Stapex, 1882, p. 76 [*N.
rotundus; OD, M]. Broad, highly inflated; peri-
proct inframarginal; bourrclets well developed;
phyllodes widened; no naked sternal region.
Paleoe., India. Fic. 410,5; 411,1. *N. rotundus:
410,5, amb I phyllode, X15; 411,1a-¢, aboral,
oral, lat,, X1 (98).
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Pseudopygaulus Coquanp, 1862, pl. 31 (expl.) p. 350 (type, O. pusillus); Petalaster CoTTEAU,
[*Catopygus trigeri Coouanp, 1862, p. 274; OD, 1885, p. 330 (type, P. maresi)]. Inflated; ambula-
M] [=Eolampas Duncan & Srapen, 1882, p. 61 crum IIT not petaloid; periproct inframarginal,
(type, E. antecursor); Ottiliaster PENECKE, 1885, transverse; bourrelets slightly developed. Paleoc.-

X Eurhodia
Gitolampas Pliolampas

llarionia Kephrenia

Fic. 409. Pliolampadidae (p. U517-U518).
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Fia. -

Foc., Ta(Fr.-Aus.)-Alr.-Asia(India). Tie, 410,
2: 411,2. =P, pigeri (Coguanp), Eoc., Tunisia;
510,2, amb T phytlode, X15; 411,2¢-¢, ahoral,
oral, lat., X2 (98).

Santeelampas Cooxe. 1959, p. 61[*Catopygus ori-
formis Coxwxap, 1850, p. 39; OD]. Apical system
very cecentric anteriorly; petals straight, narrow;
periproct marginal, longitudinal; no naked zone
in interambulacrum, 5 aderally. M.Foc, N.Am.
Fic, 411.5. *S. awiformis (Cowrap), USA
(8.Car.): Ja-c, aboral, oral, lat., X1 (98).

Echinodermata—Echinozoa—FEchinoidea
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0. Pliolampadidue {p. US17-U520, U522).

Studeria Duncaw, 1891, p. 185 [*Carupygus ele-
gans Lausg, 1869, p. 8; OD, M] [=Tristoman-
thus BrrT~ER, 1892, p. 355 (wvpe, Nucleolites sub-
cavinatus GoLpruss, 1876, p. 142); Phaleropygns
pE Lorton, 1902, p. 15 (tvpe, P. oppenheimi)y
Hvpsclolampas Crark, 1917, p. 104 {type, Ste-
deria recens A. Acassiz. 1879, p. 204 ]. Apcal
system with 3 genital pores; no porc in left an-
terior genital plate; petals long. straight, open,
adjacent pore paiws widely spaced: periproct mar-
ginal, longitudinal; bourrelets very strongly devel-
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Studeria

2c

lc

Termieria Santeelampas  5b

Fic. 411, Pliolampadidae (p. U517-U520, U522).
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5
Zuffardia

Fic. 412, Pliolampadidae (p. U522).

oped; phyllodes slightly widened. Oligo.-Rec., Eu.-
Afr.-Australia. Fic. 411,3. *S. subcarinatus
(Govrpruss), Oligo., ?Ger.; 3a-d, aboral, oral, lat.,
post.,, X 1.5 (98).

Termieria Lamsert, 1931, p. 30 [*T. henrici;
OD]. Small, apical system monobasal; petals
broad, unequal, petal III short, periproct infra-
marginal, round: bourrelets and phyllodes slightly
developed. U.Cret.(Maastricht.), Morocco. Fic.
410,4; 4114, *T. henrici; 410,4, amb III phyllode,
X21; 411,4a-c, aboral, oral, lat., X3 (98).

Zuffardia Cueccuia-Risporr, 1917, p. 492 [*Pseu-
docatopygtes sanfilippoi Cuecchia-Riseor1, 1914,
p. 5; OD]. Medium-sized, highly inflated; apical
system monobasal; petals well developed; periproct
marginal, longitudinal; peristome higher than
wide; bourrelets well developed. U.Cret.(Senon.),
Afr. Fie. 410,7; 412,01, *Z. sanfilippoi
(CueccHia-Risrort), Tripoli; 410,7, amb IV
phyllode, %8, 412,1a-¢, aboral, oral, post, 1
(98).

Family APATOPYGIDAE Kier, 1962

Medium-sized, apical system tetrabasal in
young, monobasal in adult; petals moderate-
ly developed; ambulacral plates beyond
petals single-pored; periproct supramarginal;
bourrelets slightly developed; no buccal
pores. Neog.
Apatopygus Hawkins, 1920, p. 393 [*Nucleolites
recens Epwarps, 1836; OD]. Characters of fam-
ily. U.Tert.-Rec., N.Z.-Australia. Fic. 413,1.
*A. recens (Epwarps), Rec., N.Z.; lab, aboral,
oral, X1; Ie, amb. IV phyllode, X6 (98).

Echinodermata—Echinozoa—Echinoidea

Family UNCERTAIN

Astropygaulus CHeccuia-Risporr, 1945, p. 2 [*A4.
trigonopygus; OD, M]. Low, wide; closed petals;
peristome oblique; based on one fragment. U.
Cret., Afr.

Centropygus Esrav, 1858, p. 483 [*Antropygus
guetinicus Esray, 1859, p. 759; SM Esray, 1859,
p. 759] [=Centroclypus Esray, 1858 (nom.
nll.)]. Similar to Hyboclypus but differing in
having smaller oculars 11 and IV; never figured.

Jur.,, Eu. [=dAntropygus Esray, 1859 (nom.
null.).]
Claviaster p'OrsieNy, 1856, p. 281 [*Archiacia

cornuta L. Acassiz, 1847, p. 101; OD] [=?Passal-
aster  PomEer, 1883  (type, Claviaster costatus
Pomer, 1883)]. Aboral surface highly inflated;
oral surface unknown. U.Crez., Afr.-Eu.(Fr.).
Fic. 413,2. *C. cornutus (L. Acassiz), Egypt; lat.,
X2 (98).

Clypeanthus Corteau, 1894, p. 354 [*Toxaster
pentagonalis Fraas, 1878, p. 93; OD, M]. Small,
subcircular, slight anterior groove; apical system
central; petal III short, pores conjugate; peristome
anterior; periproct marginal, higher than wide;
floscelle unknown. Cret., Lebanon.

Claviaster

lc

Fic. 413. Apatopygidae (1); Family Uncertain (2)
(p. U522).
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[Echinanthopsis 1889 (wmom.
aund.j].

Echinanthus Lzske, 1778, p. 121 [*E, oratns LESKE
{op. cir., p. 127); 8D Kier, 1962, p. 226]. Leskes
figure is oo poor to permit determination of char-
acters of the specics. Ree., loc. uncertain,

Jolyclypus Lamsert, 1918, p. 26 {*Galeropygus
jolyi GavtHier, 1898, p. 836: OD]. Small, clon-
gate; apical system tetrabasal, in contact with
periproct; ambulacral arrangement and  floscelle
not clear. Probably related to Galeropygus. Age
uncertain, Eu.(Fr.}.

Lovenilampas Matry, 1934a, p. 3 [*Lovenia baixa-

MUNIER-CHALMAS,

U523

doleitensis Mavry, 1934b, p. 156; OD]. Based
on fragment of an external cast of the peristomial
region. U.Cret., Brazil.

Ovulechinus Lanmsrrr, 1920, p, 148 [*O. pilsla;
ON]. Based on 2 very poorly preserved and proh-
ably Immature specimens; impossible to  deter-
mine generic characters of this species from these
specimens, U.Cret., Fr. [ Transfer from p. U448.]

Platipygus pe Lortor, 1902, p. 17 [*Cyrtoma
posthimam Omormaxy, 1901, p, 369; OD, M.
Large, low: petals equal, broad, closed; periproct
supramarginal, notched; bourrelets strongly devel-
oped: phyllodes unknown. Mis., S.Am,

HOLASTEROIDS

By Caror D. Waener and . Wyarr Durnam

[University of California (Berkeley) ]

INTRODUCTION

Fchinoids of the order Holasteroida dis-
play wide variation in development of most
major motphological characters. The adult
test ranges in size from very smail to mod-
erately large (approx. 100 mm.) and in
shape from round, subglobular, elongate or
heart-shaped to bottle-shaped, with the ver-
tex consisting of either the apical system
(e.g., Hagenowia) or the adoral area (c.g.,
Fchinasigra).

The apical system typically is elongate or
disjunct, with separation of antcrior and pos-
terior segments very marked in some. The
system is disjunct in the Collyritidae and
Disasteridae, in which the anteroapical seg-
ment consists of ocular plates II, III, and
IV and genital plates 1, 2, 3, and 4, and the
posteroapical segment consists of oculars 1
and V (genital plate 5 invariably absent).
A series of catenal platcs may be present be-
tween the two segments and one or more
complemental plates may appear in the
anteroapical system. The Holasteridae are
characterized by an clongate apical systemn
in which the large oculars II and IV meet
at the mid-line, separating genital plates 2
and 3 from | and 4. In the families Urechi-
nidae and Calymnidae the apical system
is similar to that of the Holasteridae, but
only three, or rarcly two, genital pores may
occur, rather than the usual four, The apical
system in the Pourtalesiidac is irregular in

that the genital plates may be partly
coalesced, the anterior pair not being differ-
entiated from the posterior pair, and there
may be threc or four genital pores. The
three anterior oculars may be well separated
from the posterior pair and not easily recog-
nizable as discrete plates. Where the genital
plates are coalesced, the madreporic pores
may be distributed over the entire complex.
In the Stenonasteridae and Somaliasteridae
the apical system is ethmophract and not
elongate.

Dissimtilarity between ambulacrum ITH
and the paired ambulacra is notable
throughout the order. The difference may
involve size, shape, and number of plates,
as well as size and shape of pores. The
frontal ambulacrum is commonly sunken,
in some forms deeply so, whereas the paired
ambulacra are flush with the test. Early
members of the order have plates with dou-
ble pores; later species may have a single
pore in each plate either in part of an
ambulacrum or throughout its entire length.
Incipient phyllodes or bourrelets may be
present but no well-developed Hoscelle.

The intcrambulacra display some distinet
specializations, particularly in the adoral
portion of interambulacrum 5. Develop-
ment of the plastron, or sternum, is of major
classificatory importance. Earlier taxa have
a primitive plastron in which the adoral-
most plate, the labrum, is succeeded by sim-
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ple alternating plates of equal size. This
type of plastron is termed protosternous.
In a meridosternous plastron the labrum
is followed by a single large episternal
and a varying number of plates in a
single column. It is believed that the meri-
dosternous type is developed as a result of
increasing pressure betwcen the double
columns hinally producing a single column
made up of alternate plates from the orig-
inal two, The plastron may be raised or
keeled or flush with the test; it commonly
bears tubercles of different size and dis-
tribution than those on the paired inter-
ambulacra, suggesting the development of
spines for special functions. In the paired
interambulacra, the first post-primerdial
plates may be single (merideplacous) or
double (amphiplacous ).

The periproct may be marginal, supra-
marginal, or inframarginal. Tn most holas-
teroids it is situated on the usually truncate
posterior end of the test. Tnterambulacrum
5 is so developed in many pourtalesiids as
to form an adapically placed hood over the
periproct accompanied by an adoral anal
rostrum, so that the periproct lies in a
caw(y.

The peristome is usually central or an-
terior on the underside of the test and may
be morc or less rounded or semilunar in
outline. Specialized development of the
oral area in some forms, particularly the
pourtalesiids, has altered orientation of the
mouth so greatly that the peristomial mem-
brane is vertical.

Primmary tubercles are usually more or
less uniformly devcloped except on the
plastron; they are perforate and crenulate,
Earlier representatives may have distinctly
larger primaries and smaller miliaries, in
some genera disposed in a disunct pattern
but in none regularly arranged over the en-
tire corona, as in the lolectypoida, Moast
living species have more or less uniform,
slender spines with evenly rounded or spatu-
late tips. A subanal fasciole is common in
the }lolasteridae, Urechinidac, and Pour-
talesiidae, and an ambulacral ar peripetal-
ous lasciole in the Somaliasteridac. Pedi-
cellariac, observed in various living forms,
have been described in detail by Acassiz
(1881} and Montensex (1907).

Earliest known representatives of the
order are recorded fram the Lower Jurassic,

Echinodermata—Echinozoa—Echinoidea

probably arising from a stirodont ancestor.
The Collyritidae and Disasteridae are well
represented in Europe and North Africa
throughout the Jurassic and into the Early
Cretaceous when both families disappear.
The Holasteridae appear in the Valanginian
and diversify greatly throughout the Cre-
taceous and inte the Tertiary, attaining al-
most worldwide distribution; only one liv-
ing genus (Stereopnenstes), found in the
Indo-Pacific region, is known. The Stenon-
asteridae are recorded from Cretaceous of
the Mediterrancan region. The Somaliasteri-
dae are known from the Cretaccous and
Palcocene of Iran and Somalia. The remain-
ing three families appear to be most closely
related to the Holasteridac; the Urechinidae
frst appear in the Miocene and have wide
distribution in present seas; the Calymnidae
and Pourtalesiitae are known only from the
Recent.

Most living representatives are deep-water
inhabitants with excecdingly thin  and
fragile tests. Stereopneustes has been taken
from depths of 250-900 m,, urechinids from
110-4,163 m., Calymne from approximately
4,845 m.. and pourtalesiids from ?50.7,000
m. Fossil members are, on the whole, asso-
ciated with fine sediments, many of them
chalky in naturc.

Detailed studics of groups within the
Holasteroida include those of BrurLex,
1934, on the Collyritidac, A. Acassiz, 1881,
on the Pourtalesiidae, Urechinidae and
Calymnidae, T. MorreNsEN, 1907, on the
Pourtalesiidae, and Lovin, 1883, on the
genus Pourralesia.

Order HOLASTEROIDA
Durham & Melville, 1957

Apical system typically clongate or dis-
junct, no genital 5; plastron fecbly differ-
cntiated or meridosternous; petals not al-
ways differentiated, paired petals typicaliv
not impressed; no foscelle; apical system
and peristome may be oppesite to one an-
other: fascioles variable. L.fur.-Rec.

Family COLLYRITIDAE d'Orbigny,
1853

Oculars 1T and IV juxtaposed; apical sys-
tern disjunct; plastron protosternous. L.fur.-
L.Cret.
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Pygomalus

3a
Orbignyana

Grasia

U525

Cyclolampas

Fic. 414. Collyritidae (p. U525-U527).

Collyrites Desmourins, 1835, p. 212 [*Ananchytes
elliptica Lamarck, 1816, p. 318; OD]. Ambula-
cral pores crowded adorally, may be arranged in
triads; anteroapical system central or posterior,
oculars 1 and V near posterior margin; periproct

marginal, not in groove, not contiguous to oculars;
peristome round, anterior, not sunken; ambula-
crum III may be slightly depressed; tubercles on
oral side larger, with excentric boss. Jur.(Bathon.-
Tithon.), Eu.-N.Afr. Fic. 414,4. *C. elliptica
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4a e
Corthya
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Disaster

Metaporinus

5b

Fic. 415. Disasteridae (p. US27-U528),

(Lanarek), Bathon., Fr.; 4a, apical, % 0.7; 48,
adoral, enlarged; 9¢, apical system, enlarged (27b).
Cardiopelta Poner, 1883, p. 50 [*Collyrites trig-
onalis DEsor in Desor & pE Lorior, 1872; SD
Savin, 1903, p. 50]. Test as in Cellyrites except
outline cordate, catenal plates connecting antero-
apical system, and posterior oculars rudimentary
or lacking, U.Jur.(Calloe.)-L. Cret. (Valangin.),

Eu.

Cyclolampas Pomer, 1883, p. 51 [*Disaster voltzii
Acassiz, 1839, p. 8; SD LameerT & Turéry, 1924,
p. 3917. Ambulacra faintly petaloid, peres small,
round; adorally pores increase in abundance, ar-
ranged in oblique series of 3; anteroapical sys-
tem central or slightly posterior, oculars I and V
at posterior end of test; periproct not contiguous
to oculars, may be inframarginal, U.Jur.(Callov.-
Tithon.), Eu. Fic. 414.6. *C. voltzii (Acassiz),

Oxford., Switz.; 6a-¢, apical, lat, oral, X1 (186).

Grasia MicHeLiN, 1854, p. 439 [*Hyboclypus elon-
gata Gras, 1852, p. 49; OD]. Test subcylindrical,
posteriorly concave; ambulacral pores slightly un-
equal; anteroapical system near anterior end of
test; periproct large, not contiguous to oculars,
in deep groove; peristome distinctly sunken, slight-
ly elongate along III-5 axis. U.Jur.(Oxford.), Fr.
Fic. 414,5. *G. clongata (Gras); 5a,6, aboral,
lat.,, 0.7 (27b).

Orbignyana Esray, 1860, p. 56 [*Collyrites ebrayi
Correau, 1873, p. 168; SD Lameert & THifry,
1924, p. 389] [=Spatoclypus Pomer, 1883, p. 51
(obj.)]. Ambulacra narrow, nonpetaloid, pores
small: anterolateral ocular plates separated by com-
plemental  plates, also  with catenal plates
between anterior apical system and posterior ocu-
lars, distance betwcen apical poles not great; peri-
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proct contiguous with posterior oculars, at ad-
af)ical end of deep groove; peristome distinctly
sunken. M .Jur.(Bajoc.-Bathon.), Eu.(Fr.-Cauca-
suS ). Fia. 414,3. *0. ebray: (CorTEAL), Bajoc.,
Fr.; 3a, aboral, X1.5; 35, apical system, colarged
{27b},

Proholaster GaurHiER, 1896, p, 17 [*P. anbers;
OoD]. Ambulacrum I depressed, sternum slighty
raised; petals unequally developed, pores of am-
bulacrum II small, round; paired ambulacra with
larger, transverscly oval, oblique pores; antero-
apical system central, posterior oculars subcentral;
no complemental plates;
posterior {ace, relatonship to posterior oculars un-
peristome  anterier. U Jur(Tithon.),

pEl’ipIOC[ on fruncate

known,
Tunisia,
Pygomalus Poser, 1883, p. 51 [*Spatangites ovalis
Leske, 1778, p. 253; SD Buerien, ]934, p. 65
{(Zool. Code, 1961, Art. 69a, iv)]. Aboral side
highly inflated; anteroapical system  anterior,
without complemental plates, oculars 1 and V near
posterior margin; periproct conbguous to oculars,
not in groove; peristome anterior, rounded; tuber-
cles somewhat larger on oral side, sternum in-
cipient. Jur.( Sinemur.-Oxford.}, Eu. Fic. 414,
I. *P. gpalis (Lrske), Bathon,, Fr.; Ia$, apical,
lat,, X1 (188); Ic, apical system, enlarged (27b).
Pygorhytis Pomrer, 1883, p. 50 [*Disaster ringens
Acassiz, 1836, p. 183; SD LaxeerT & THifry,
1924, p. 390]. Oculars 1T and ¥V morc posterior
than in Orbigayana; periproct contiguous with
posterior oculars, in faint groove; anteroapical sys-
tem central or slightly posterior, complemental
plates present ar ahsent, Jur.( Bajoc.-Oxford.}, Eu.
(Fr.-Caucasus). Fig. 4142, *P.  ringens
(Acassiz), Bajoc.,, Switz. (2a-c), Fr. (2d,e):
2a-¢, apical, lat., post., X1 (186): 2d, antercapical
system, enlarged {27b}; 2e, oral, X1 (27b).

Family DISASTERIDAE A. Gras, 1848

Oculars IT and IV separated by genital 2;
apical system disjunct; plastron protostern-
ous, M Jur.-L.Cret.

Disaster Acassiz, 1836, p. 16 [*Nucleolites granu-
losus Goupruss, 1826, p. 138; SD Desor, 1858, p.
201) [=Dwysaster Acassiz, 1839, p. 95 (mom.
van.}]. Test small, posterior obliquely or squarely
truncate; ambulacral pores small, round, pores of
ambulacrum III may be slightly larger; antero-
apical system anterior, genital 2 conspicuously
larger than other genital plates, posterior oculars
widely separated from anteroapical system; peri-
proct small, aval, not in groove, contiguous to
oculars, U.Jur.( Bathon.})-L.Cret.{ Neoveom_}, Fu.-N.
Afr. Fia. 415,2. *D. granulosus {GoLpruss),
U.Jur.(Oxford.}, Fr. (2a}, U]Jur.(Kimmcridg.),
Fr. (26)y 2a, aboral, ¥ 1; 26, ant. apical system,
enlarged (27b).
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Acrolusia Lasisert, 1920, p. 13 [*A. gawshiers;
OD]. Only known specimen incomplete; apparent-
ly closely related to Metaporinus but elongate pores
present i all ambulacra. L.Cres.( Neocom.j, Alg,

Cardiolampas PoumEer, 1883, p. 50 [*Cellyrites fri-
burgensiy Qoster, 1865, p. 55; SD GavTtHIeR,
1896, p. 21]. Test cordate, aboral sile may have
median keel; ambulacrum T deeply sunken: an-
teroapical system slightly anterior, widely sep-
arated frem  posterior oculars; penproct infra-
marginal, transverscly clongate, not contiguous to
oculars; peristome transversely clongate, near an-
terior edge. U Jur(Tithon.), Eu.-N.Afr. Fic.
415,71, *C. [riburgenisis (OosTER}, Oxford., Fr.;
la-¢, oral, lat., apical, }0.7 (27b).

Collyropsis GauTHizr, 1896, p. 22 [*Spatangites

Lrske, 1778, p. 245; SD Lamprkr
& Twfry, 1924, p. 392)[=Procollyropsis BEUur-
vEx, 1934, po 129 (wype, Disaster plarypygus
QuexsrenT, 1574, p. 5363)]. Test hecart-shaped,
aboral side highly inflated, may be kecled, ster-
num slightly raised; ambulacral pores small,
posterior petals somewhat broader than anterior:
antercapical system anterior, genital plates con-
tiguous, oculars small; oculars I and V posteriog,
no complemental plates; periproct on posterior end
of test, not contiguous to oculars; peristome an-
terior, Ujur.{Callov. )-L.Cret.{ Valangin. }, Fu.

Corthya Pomer, 1883, p. 51 [*Disaster hemisphaeri-
cui Gras, 1848, p, 66; OD]. Oral side slightly
concave, sternum  raised; ambulacral pores very
small, indistinct; ambulacral plates nearly as high
as interambulacral plates; anteroapical system cen-
tral, posterier oculars posterior; periproct infra-
marginal; peristome anterior, transversely elengate.
L.Cret.({ Neocom.), Fr. Fic. 415,94, *C. hems-
sphaerica (Gras); 4a,b, abural, oral, X1 (142).

Dialyaster Pomer, 1883, p. 46 [*Metaporinus guey-
mardl Gras, 1818, p. 69; OD], Like Metaporinus
except narrower, more elongate and lower; antero-
apical system closer w posterior oculars; periproct
in deep groove continuing onto ora! side: margin
of plastron raised to form prominent keels, L.Crer.
{ Valangin.}, Fr.

Mctaporinus Acasstz, 1844, p. 730 [*M. michelini;
OD] [=Metaporhinus MicarLin, 1847 (nom.
nnedl.); Thesaporhinus Epray, 1859 (rom. nud.),
Thecaporinus Lvray, 1859 (nom. null.j; Perioxus
Posxr, 1883, p. 49 (tvpe, Collyrites censoriensis
CotTEAU, 1849-36, p. 262)]. Test high, slighly
elongate, slight frontal depression; paired ambula-
cra with elongate, comma-shaped pores, ambula-
crum JT with small, round pores; posterior am-
bulacra concave frontally; antercapical system close
to anterior margin, oculars T and V close to pos-
ferior margin, no complemental plates: periproct
not contiguous with oculars: peristoine anterior,
wransverscly elongate, not sunken, U.Jur.(Oxford. ),
Eu. Fig. 415,3. *M. michelini, Oxford., Fr.:
3a-c, apical, lat., oral, X 0.7 (27b).

Ccarinatug
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Oustechinus Lascsrrt, 1931, p. 92 [*O. bassae;,
OD]. Test small, cordate; ambulacra of high
hexagonal plates, pores small, round; anteroapical
systern central, posterior oculars at posterior mar-
gin; periproct small, round, inframarginal, ap-
parently contiguous to oculars; peristome semi-
lunar, near anterior margin; plastron apparently
large, strongly tuberculate, adjoining ambulacral
plates rarrow, elongate. U Jur., Tunisia.

Tithonia PosteL, 1883, p. 49 [*Nucleolites convexus
CatuLro. 1827, p. 28; OD). Test as in Meta-
porinus except petals of bivium convex frontally,
their adapical tips pointing backward; periproct
closer to posterior oculars; ambulacrum 111 not
conspicuously different from paired petals. M.fur.
( Bathon,)-L.Cret.( Neocom ), Eu-NAIr Fic.
415,5. *T. convexus (CatuLLo), Neocem., Frg
Sa,b, apical, lat, X1; 3¢ apical system, enlarged
(27b).

Family HOLASTERIDAE Pictet, 1857

Plastron meridesternous; oculars IT and
IV juxtaposed; ambulacra with double
pores; interambulacra typically amphiplac-
ous; apical system not disjunct. [Subfamilies
Holasterinae ( MortErsEN, 1950} and Steg-
asterinae (LanBErT, 1917) not recognized.]
L.Cret-Rec.

Holaster Acassiz, 1836, p. 183 [*Spatangus nodi-
losus Goupruss, 1829, p. 1491 8D Saviy, 1905,
p. 26] [=Holasteropsis FLBERT, 1902, p. 115
(type, H. credneriana); Ananchothuria Fossa-
Maxeing, 1919, p. 3 (wype, A. resselara)]. Qudine
cordate, interambulacrum 3 raised orally; ambula-
crum 1T nonperaloid, pores small, paired ambula-
era subpetaloid, pores clongate, not conjugate;
apical system central, elongate; periproct on trun-
cate posterior end; plastron meridosternous; peri-
stome anterior, semicircular, usually not labiate;
no  {ascioles. L.Cret.{ Valangin.)-Paleog (Eoc. ),
cosmop. Fic. 4165, *H. nodulosus (GoLp-
Fuss), U.Cret.(Cenoman.}, Fr; 5a-¢, apical, oral,
post., X0.7 (142).

Autclianaster Lauvsrrr & Thifry, 1925, p. 589
[*].ciocorys valetter LAMBERT in VaLLETTE, 1913,
p. 9; QD] [=Leiocorys LamBERT in VALLETTE,
1913, p. 8 (obi.); Valletraster LAMBFRT & THIfRY,
1924, p. 405 (obj.y]. Test as in Sternolaxis except
ambulacral pores microscopical, round, those of
ambulzcrum T smaller than in paired ambulacra,
U .Cret.d Turon.}, Fr.

Basseaster Lanrszry, 1936, p. 23 [*B. rostraius;
OD]. Small, faintly cordate; ambulacra non-
petateid, plates high, pores microscopical; ambula-
crum 111 apparently with single pores; apical system
*fused, 4 genital pores: plastron unknown, labrum
large; Zanal fasciole. U.Cret.{ Maastriche.), Madag.
Cardiaster Foregs, 1850, p. 422 | *Spatangus cordi-
formis WoOUDWARD, 1853, p. 50 {==*3. gramudostis
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GoLoruss, 1826, p. 148): OD]. Test cordate:
ambulaceum 111 deeply sunken, adjoining inter-
ambulacra forming sharp keels, pores smaller than
in paired ambulacra; paired ambulacra not sunken,
pores comma-shaped; apical system central, elon-
gate, 4 genital pores; periproct on posterior end,
elongate-oval; peristome anterior, shightly labiate;
4 marginal [asciole passing under periproct. U.Cret.
{Cenoman.-Senon.), ?Tert., cosmop, {nearly world-
wide). Fic, 416,4. *C. gramdosus (Gorp-
russ), Cenoman., Eng.; 4a.2, apical, oral, XK0.5
(191h).

Cardiotaxis LamserT, 1917, p. 25 [*Cardiaster
peroni LamBERT, 1887, p. 268; OD]. Like Cardi-
aster cxcept plastron with regular series of single
plates. U.Cret.{ Turon.-Senon.), Eu.

Cihaster PomeL, 1883, p. 48 [*Cardiaster bourgeoi-
canus DORpIGNY, 1853, p. 129; 8D Lawmsrrr,
1842, p. 96]. Ambulacra not depressed, pores
small, round, those of ambulacrum 11T slightly
smaller; apical system clongate, 4 genital pores;
peristome not labiate; periproct above rmarginal
fasciole. 17 Cret.( Santon.-Senan.), Fr. T1a. 116,
6. *C. botrgeotsanus (p'OrBIcNY). Senon.: 6a.b,
aboral, post, X1; fc, apical system, enlarged
(142).

Duncaniaster LansrrT, 1896, p. 317 [*Holaster
anstraliae DrNeax, 1887, p. 515 OD]. Ambulacra
petaloid, slightly sunken op oral side, all similar:
pores small, round, conjugate: apical system elon-
gate; peristome slightly labiate; plastron raised: no
fascioles. Eoc., Australia. Fig, 416,1. *D. aus-
traliae (Duxcan): lab, aboral, oral, ¥0.7 (1%).

Echinocorys LEskr, 1778, p. 175 [*E. scutains
{=E. pulgaris BREYNIUS, 1732, pre-Linnean, cited
by Leske, p. 177, as synonym of E. scitatus); SD
LavuesT, 1898, p. 179] [=Echinocorytes L.ESKE,
1778, p. 178 (oby.): Ananchites Lanarce, 1801,
p. 347 (= Ananchytes LAMARCK, 1816, p. 23
(tvpe, A. ovatus); Calea SmrrH, 1817, p21 (0b).)s
Oolaster LavBE, 1869, p. 451 (type, 0. matiseen-
si); Spatagoides Bavie, 1878, p. 152 (obj.):
Coveulum PowmzL, 1883, p. 48 {(1ype, Anachytes
corcilum Goupruss, 1826, p. 147}]. Subconical
aborally; ambulacra nonpstaloid; pores round or
outer pore slightly elongate, near center of plates;
periproct inframarginal; no labrum; na fascioles.
U. Crei { Turon.)-Palcog.{ Dan.}, Eu.-Asia Minor-
Madag.-N.Am. Fia. 416,8. *E. senrattis, Senon.,
Eng.; da.b, oral, lat., .75 8¢, apical system, en-
larged (173). [=(ralecla QUENSTEDT, 1874, p. 585
{type, G. papillosa, p. 395; 0b).]

Entomaster GautHizr, 1888, p. 332 [*E. rousielis
OD]. Like Guetariia except oculars 11 and 1V
with supplemental genital pores: peristome more
anterior, transversely clongate; large  tubercles
scatteredd on aboral surface; mo marginal fasciole.
U.Creif Senon.), Alg. Fra. 416,9. *E. roussell;
view of peristome, X2 (136h).
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Galeaster Sruwvs, 1889, p. 821 [*G. berrrand::
OD]. Like Sregaster but globular, kecled posterior-
ly: plates of ambulacrum III lower, pares crowded;
plastron  parrower,  sharply U.Cret.
{Campan.}t, Fr. Fic. 4167, bertrandr;
lat., X1 (219b).

Ganbirretia Gautsiek, 1903, p. 19 [*G. douriilei;
OD]. Ambulacra similar, nat sunken, nonpetaloid,
plates high, pores small, round; ocular plates II
and IV large; large crenulate tubercles scattered
over aboral side; 7no fascioles. Paleog.{Dan.),
Pyrenees. Fic. 416.3. *G. douvillei; aboral,
X 0.67 (195¢).

Garumnaster LaxerrT, 1907, p. 718 [*G. michal-
eti: QIY]. Test small, elongate posteriorly; sternum
yaised to form rostrum; ambulacra similar, non-
petaloid, pores in center of plates; indistinet sub-
anal fascicle. Paleog.(Dan.), Fr. Fic. 416.2.
%6 michaletiy aboral, X 1.3 (203¢).

Guettaria Gavmmier, 1888, p. 532 [*G. angladet;
OD]. Frontal notch very deep, posterior concavely
truncate; ambulacrum III deeply sunken adorally,
pores small, separated by granule, pairs oblique;
paired ambulacra subpetaloid, anterior pore series
small, round, posterior scries larger, elongate;
ocular plates 11 and 1V each with 2 supplemental
genital  pores; plastron  orthosternous: marginal
fasciole. U. Cret. (Cenoman. - Senon.}, N, Afr.-
Madag.; Senon., Timor. Fic. 417.8. *G. an-
gladei, Senon., Alg.: 8ab, aboral, oral, w0.7; 8¢,
apical systern, K2 (136h).

Hagenowia Duxcan, 1889, p. 210 [*Cardiaster
rostratus ForeEes, 1852, p. 31 ODY |=Martino-
sigra NieLson, 1942, p. 163 (obi.); Hagenoviu
Greoory, 1900, p. 321 fwom. mull.j]. Similar
to Infulaster but with vertex forming slender
rostrum: apical system at vertex, genital pores in
genital plates 2 and 43 ambulacrum Tl sharply
sunken, plates high. U.Cret{ Santon.-Campan.),
N.Fu. Fic. 417,3. *H. rostrata (FORBEs},
Santon., Eng.; 3a. oblique lat, X1 (211b); 34,
apical system (expanded). X 10 (225).

Hemipneustes Acassiz, 1836, p. 183 [*Spatangus
radiatns Lanmarck, 1840, p. 331 (=*Spatangus
striatoradiatus 1eskE, 1778, p. 234); OD]. Am-
bulacrum TII sunken, pores small, round: paired
ambulacra subpetaloid, anterior pore series small,
round, posterior pore scries with innet pore small,
round, and outer pore clongate; peristome semi-
lunar, labrum well marked: prominent phyllodes;
plastron of lurge. cuneiform, alternating plates; no
fascicles. U7.Cret.( Senon.-Maastricht.), Eu.-N.Afr.-
Madag.-India. Fio, 417.1. *H. striatoradiatus
(Leske), Seron., Fr.; Jab, aboral, oral, 0.5
(142).

Infulaster Desor, 1838, p. 347 [*Cardiaster hagen-
owi D'OrBIGNY, 1853, p. 143 (=“Sparangus cx-
centricus Wooowarp, 1833, p. 37): SD LamBERT,
1917, p. 29). Conical, vertex anterior; ambula-
crum I sharply depressed, ambulacra nonpetaloid,
potes minute; periproct, at top of posterior con-

raised.
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cavity; peristome anterior; plastron metasternal;
marginal fasciole. U.Cret.{ Turon.-Coniac.}), Eu,
ce—TFic. 4174, *I. excontricus (WoODWARD),
Turon,, Ger.; 4a-c, oral. lat,, frontal, X1 (142).

Ismidaster Berrn, 1927, p. 194 [*. rowlai; OD].
Like Echimocorys except ambulacra subpetaloid.
pores canjugate, L.Cret.{Senon.), Asia Minor.
Jeronia Seunes, 1888, p. 509 [*]. pyrenatca; OD].
Large. posterior end pointed; ambulacra similar,
not sunken, nonpctaloid; pores small, round, in
oblique pairs at center of adoral border of plates;
apical system irregular, no pore in genital plate 2,
plates 2 and 3 may be fused, some species with
complemental plate in  center; periproct infra-
marginal; peristeme deeply sunken; plastron nar-
row: no fascioles. Paleog.(Dan.), Pyrenees.
Fic, 417,5. *]. pyrenaica: aboral, X 0.7 (21%a}.
Labrotaxis Caszy, 1960, p. 260 {*Holaster {l.abro-
taxis) canttanus; OD). Like Holaster except
plastron  primitive  meridosternous, alimost  pro-
tosternous,  Cret, { Alb.-Cenoman.), Eu. Fis.
4177, *i.. cantianns (Casey), Alb, Eng. oral,
X 0.6 (179).

Lampadaster Corriau, 1889, p. 87 [*L. grandi-
dieri; QD). Large, aboral side subconical; ambula-
crum TII sunken: paired ambulacra subpetaloid,
auter pore more elongate than inner pore, pores
of pair in circumflex; genital plates 2 and 4
usually with 2 genital pores; periproct infra-
marginal; peristome at end of deep frontal {fur-
row; ho fascioles, U.Cret.{ Senon.), Madag.
Fic. 417,2. *L. grandidieri; aboral, X 0.4 (203a),
Lampadocorys Pomew, 1883, p. 46 [*Holaster sul-
catus Corveau, 1873, p. 170, OD]. Highly in-
flated aborally; ambulacrum 111 deeply sunken
adorally, all pore zoncs alike, outer pore elongate,
inner pere round: plates of plastron low, regu-
larly alternating; no fascioles. U.Crer.{ Cenoman.-
Senon.), Bu.(Fr.-ltaly)-N.Afr, Fic, 417,6. *L.
seleatus (CorTraw), Cenoman,, Alg.; 6ab, lat,
oral, X1 (26).

Messaoudia LameerT, 1917, p. 4 [*Holaster pyri-
formis Penow & Gavrnieg, 1878, p. 87, OD].
Similar to Zumoflenia but smaller and higher,
and  both  ambulacral  pores round. U.Crer.
{ Cenoman.), Alg.

Offaster DEsor, 1858, p. 333 [*Ananchytes pilula
LaMarck, 1816, p. 27; SD QuENSTEDT, 1874, p.
606]. Test small, subglobular; ambulacra alike,
not depressed. nonpetaloid, plates high, pores
small, round; periproct above marginal fasciole.
U. Cret. {Campan.)-Paleog. { Dan.), Eu. Fic.
418,1. *0. piula (Lamarcr), Senon,, Fr. la-c,
aboral, aral, lat, X1 (142).

Opisopneustes GavTHieR, 1889, p. 2 [*0. cossont;
OD]. Ambulacrum III deeply sunken, pores small,
round, obliquely arranged, pores of cach pair sep-
arated by granule: paired ambulacra petaloid,
curved, anterior. series of pores small, round, equal,
posterior series with inner pore reund, outer pore
elongate; periproct in deep depression; peristome
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anterior, broad, labrum prominent; Jarge scrobicu-
late tubercles on each side of ambulacrum III,
similar large tubercles at mid-line of other inter-
ambulacra; marginal fasciole. U.Crer.(Senon.},
Tunisia. Fia. 418,8. *0. cossont; 8ab, aboral,
lat,, % 0.7 (66).

Paronaster Airacer, 1906, p. 107 [*P. cupuliforniis;
OD]. Test large, cordate, apical area sharply
raiscd; ambulacrum III narrower than paired am-
bulacra, pores of auter series transversely elongate;
peristome  anterior, labiate; fascicles unknown.
Cret., laly. Fic. 418,9. *P. cupulifcrmis; ab-
aral, X0.5 {176),

Pscudananchys Pomer, 1883, p. 45 [*Amanchytes
algivis Coquann, 1862, p. 240; OD] [=Cragin-
aster Lampert, 1903, p. 219 (wpe, Holaster com-
pleta Craciv, 1893, p. 155)]. Like Echinocorys
except pores of ambufacra transversely elongate,
outer pore longest, ambulacral plates lower; peri-
stome may be lablate. Crer.f Alb.-Senon.), Mcdit.-
[ran,

Pseudholaster DomEer, 1883, p. 45 [*Holaster bi-
carinatus Acasstz, 1847, p. 29; SD LAMEBERT,
1917, p. 20]. Test large, as in Holaster except
outer pores of posterior series of petals ransversely
elongate, petals broad: ambulacrum II1 deeply
sunken, adjoining interambulacra forming sharp
keels. Cret.f Apt.-Senon.), Medit.-Madag. Fic.
418.6. *P. bicarinatws (Acassiz), Senon,, Fr.; 6a,b,
apical, oral, X} 0.5 {142},

Psendoffaster Lanwert, 1924, p. 413 [*Holaster
cancasicus DRu, 1884, p. 63; OD]. Small; am-
bulacrum IIT deeply depressed adorally, peres small,
round; pores of paired ambulacra larger, sub-
clliptical; plastron unknown; some larger, scrobi-
culate tubercles orally and on ambulacrum 1II;
marginal fasciole,  U.Cret.f Maastricht.},  Spain-
Caucasus, Fic. 418,2. *P. cancascus (Dru),
Caucasus; 2a,b, oral, frontal, X 1.5 (188).

Rispolia Lamerrt, 1517, p. 27 [*Nucleolites sub-
wigonatus CatoLvo, 1827, p. 226; O], Ambula-
crum 11 sunkcn, pores small; paired ambulacra
not sunken, pores transversely elongate, anterior
pore series smaller than posterior; peristome labiate;
marginal fasciole. U.Cret./ Campan.-Maastricht.),
Italy-N.Afr. (Alg.-Tunisia}-Madag. Fii. 418,3.
*R. subtrigonata (Caturro), Campan.,, Tunisiag
3a-c, aboral, oral, lat., 1 (195b).

Scagliaster MunierR-CHaLmas, 1891, p. 11 [*Aran-
chytes concapus Catunle, 1827, p. 6; OD], Like
Echinocorys except ambulacrum I11 sunken; some
larger tubercles above ambitus; aboral side low,
arched, orally flat or concave; U.Cref., Italy.

Stegaster Pomer, 1883, p. 48 [*Cardiaster gillieroni
pe LorioL, 1873, p. 4; OD] [=Seunaster Lam-
peRT in Bravag, 1912, p. 385 {(1ype, Holaster
bouillei Correav in DE BouiLprg, 1873, p. 24);
Synochitts Lamaert, 1917, p. 30]. Ambula-
cra nonpetaloid, plates faiely high, pore pairs
at adoral center of plates, ambulacrum III decply
sunken; peristome at end of deep frontal suleus;
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plastron  forthosterncus; no  fascioles. U.Crer.

{Senon.), Eu.-N.Afr.-Madag. Fic, 418,4a. *5.

gillieroni (pE Lowion), Switz; lat, X1 {119).

Fic. 418,46,c. S, cotteani SEUNEs, Fr.; aboral,
Jat,, X 0.7 {219b).

Stereopneustes bE MEITERE, 1902, p. 9 [*S. relictus;
O>]. Ambulacra not sunken, ambulacrum 111
narrower than paired ambulacra; pores equal,
obliquely arranged in ambulacrum 1II: Jabrum
not well developed; phyllodes distinet; subanal
fasciole; globiferous, tridentate, ophicephalous, and
wriphylleus pedicellariac. Kee., Japan-E.Indies.
Fic. 418,5. *S. relictus, Elndies; 5a.6, oral, lat,
w 0.7 (5a, 136h; 5%, 208),

Sternotaxis Lammrrt, 1893, p. G5 [*Spatangus
plangs Manteir, 1822, p. 192; OD] [=Plesio-
corys Ponrr, 1883, p. 45 (type, Holaster placenia
Acassiz in Acassiz & Desor, 1847, p. 27)]. Ab-
oral side highly inflated, frontal depression slight;
pores of ambulacrum III small, round; pores of
paired ambulacra smaller; 4 genital pores; peri-
proct elongate oval, on pesterior end; perstorne
anterior, semicircular; plastron as in Cardiotaxis:
no fascioles. U.Cret.f Turon.-Senon.), Eu.(Fr.-
Eng.). Fic. 418,7. *S. planus  (MaxrtiLl),
Turon., Eng.; oral, 0.7 (173).

Taphraster Poner, [883, p. 46 [*Holaster campi-
cheanus (D'OrBIGNY); lab, aboral, X 1;
irregularly ovoid, sternum raised; ambulacra
sunken on oral and aboral side, ambulacrum 111
more deeply depressed; pores small, round, pores
of pair scparated by granule: ?ne fascioles, L.Crer.
{ Neocom.), Switz. Fis. 4191, *T. campi-
cheanus (D'OrBIGNY): lab, aboral, oral, X1;
1e, detail of ambulacrum, enlarged (142).

Thelaster Seunes, 1890, p. 23 [*Gibbusier munier:
Seunes, 1889, p. 819; O1Y] [=Gibbasier Seunrws,
1889, p. 819 (obi.) (non GauTHIER, 1887) ], Am-
bulacrum IIT  deeply sunken; ambulacra non-
petaloid, pores small, round:; plastron apparently
orthosternous; some large, crenulate tubereles on
interambulacra aborally; no  fascicles on  type-
species. U.Crer.f Maastrichi.j, Eu.(Tr.-Belg.)~—
Fic. 419,3. *T. muwuier: (Srunes), Fr.o 3a-c, ab-
oral, oral, lat.,, X1 (219¢),

Titanaster Szorinyi, 1929, p. 19 [*1'. labrostoma;
OI3]. Diagnosis unknown, referred to Holasteri-
dae. Eoc., Eu. Fic. 419,5. *T. labiostoma,
Hung.; aberal, 0.5 {136h, after Szorényi).

Toxopatagus Pomer, 1883, p. 30 [*Hemipnenstes
rtalfcus Manzont, 1878, p. 156; OD] [=Heterop-
nenstes Povrr, 1883, p, 46 (1ype, H. deletrer)].
Ambulacrum 1T deeply sunken, pores small, round,
not conjugate: paired ambulacra petaloid, posterior
pair shorter than anterior pair; posterior porc
series larger than anterior pore series, pores trans-
versely elongate, conjugate; labrum highly devel-
oped; no fascioles, U.Crer.{Senon.j-Neog.{Mis.),
Eu.-Iran-Madag.-W Indies. Fic, 419,4. *T, ital-
fcns (Manzowt), Mio, Iialy; 4a-c, aboral, lat,
oral, 0.7 (206a).

oral,
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Toxopatagus

Tholaster

5

Titanaster

Fic. 419, Holasteridae (p. U533, U533).
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Urechinus

Sternopatagus

Frc. 420. Urechinidae (p. U536-U537).

Zumoffenia Fourtav, 1912, p. 50 [*Z. ludovici; Family URECHINIDAE Duncan, 1889

OD]. Test small; ambulacra similar, pores con- T hi 1 id
jugate, outer pore clongate, not sunken; peri- est thin, plastron meridosternous; ocu-

proct on truncate posterior; apparently no fasci- lafs 11 find v iUXmPOS‘ff_i; paired ambulacrg
oles. U.Cret.(Cenoman.), Syra—Fie. 419,2. with single pores adapically; first postpri-
*Z. ludovici; 2a-c, aboral, lat,, oral, X1 (192). mordial interambulacral plate single; mostly
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Fic. 421. Urechinidae (p. U536-U537).

with subanal or marginal fasciole. ?U.Eoc.,
Mio.-Rec.

Urechinus A. Acassiz, 1879, p. 207 [*U. naresianus;
OD] [=Cystechinus A. Acassiz, 1879, p. 207
(type, C. wywille/)]. Ambulacra similar, non-
petaloid, anterior and posterior genital plates
widely separated, 3 or 4 genital pores; periproct
round or elongate, with numerous small plates;
peristome not labiate; phyllodes inconspicuous,
bourellets incipient; subanal fasciole indistinet,
may be lacking; spines short, simple, irregularly

arranged; one primary tubercle on each plate;
globiferous, tridentate, ophicephalous, and triphyll-
ous pedicellariae. [Bathyal.] Rec., Atl.-N.Pac.-
Antarctic, Fic. 420,3. *U. naresianus, Antarc-
tic; 3a-c, lat,, apical, oral, X0.7 (2).

Chelonechinus Batuer, 1934, p. 799 [*C. suvae:
OD]. Plates very large, mostly high, hexagonal
ambulacral plates nearly as tall as interambulacrals,
pores small, apparently single, in center of plates;
apical system elongate, oculars II and IV not
meeting, madreporite minute; periproct marginal;
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peristome round, anterior; primordial plates of
interambulacra 1, 4, and 5 separated from follow-
ing plates by enlargement of adjacent ambulacra;
no large primary tubercles; no fascioles. Mio.,
Fiji-Java-Barbados. Frc. 421,2. *C. suvae, Fiji;
2a,b, aboral, oral, X1 (178).

Pilematechinus A. Acassiz, 1904, p. 163 [*Cyste-
chinus rathbuni A. Acassiz, 1898, p. 79; OD].
Test large, thin, flexible; ambulacra simple, plates
high; 3 or 4 genital pores, anterior genital plates
separated from posterior by oculars II and IV;
periproct supramarginal; phyllodes present; plas-
tron not well developed; tubercles irregularly ar-
ranged; no fascioles; globiferous, tridentate, ophi-
cephalous and triphyllous pedicellariae; auricles
moderately developed. [Bathyal.] Ree., Panama-
Antarctica. Fic. 421,1. *P. rathbuni (A.
Acassiz), Malpelo Is.; Ilab, apical, post, X0.7
(3)-

Plexechinus A. Acassiz, 1896, p. 78 [*P. einctus;
OD]. Interambulacrum 5 with adapical keel ex-
tending into subanal snout; periproct supramar-
ginal; ambulacrum IIT with more plates adapically
than in paired ambulacra; 2 or 4 genital pores,
genital plates 2 and 4 may be fused; labrum may
be separated from succeeding plate by enlarge-
ment of adjacent ambulacra; rudimentary phyll-
odes; subanal fasciole; primary and secondary
wbercles irregularly arranged; globiferous, tri-
dentate, ophicephalous, and - triphyllous pedicel-
lariae. Rec., N.Atl.-Antarctica-Sulu Sea-Gulf Calif.
Fic. 420,2. *P. cinctus, Gulf Calif.; 2a-c, oral,
apical, lat.,, X3 (3).

Sanchezaster LAMEERT in SincHez Roig, 1924, p.
13 [*S. habanensis; OD], Corona very large, cor-
date; aboral ambulacral and interambulacral plates
high hexagonal; ambulacra nonpetaloid, pores
minute, round, in center of plates; structure of
apical system unknown: periproct sunken, infra-
marginal; peristome anterior, transversely ellipti-
cal; plastron orthosternous; tuberculation fine;
marginal fasciole. ?U.Eoe., Cuba. Fic. 420,1.
*S, habanensis; aboral, X 0.5 (216a).
Sternopatagus pE MEiyErRE, 1902, p. 10 [*S. sibo-
gae; OD]. Test very fragile; ambulacra similar,
nonpetaloid, plates large, pores single; apical sys-
tem clongate, 4 genital pores; peristome anterior,
at end of frontal furrow, labiate, buccal membrane
vertical; plastron small, labrum separated from
succeeding plates by enlargement of adjacent am-
bulacra; all tubercles small, perforate, crenulate;
“submarginal” fasciole. Ree., Timor Sea. Fic.
420,4. *S. sibogae; aboral, X 0.5 (208).

Family CALYMNIDAE Mortensen, 1907

Plastron meridosternous; ambulacra with
single pores; interambulacra 2 and 3 with
first postprimordial plates paired; peristome
not in groove. Rec.
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1b
Calymne

Fic. 422, Calymnidae (p. U537).

Calymne Tuomson, 1877, p. 396 [*C. relicta; OD].
Ovoid, test thin, plastron raised; ambulacra simi-
lar, plates as large as interambulacral plates; 2 geni-
tal pores; apical system apparently disjunct, exact
structure unknown; peristome not labiate; spatu-
late spines on plastron, around periproct and pos-
teriorly; marginal fasciole on oral side anteriorly,
above periproct posteriorly; pedicellariae rostrate,
of 2 types. Rec., Bermuda. Fic. 422,1. *C.
relicta; la,b, oral, aboral, 0.5 (2).

Family POURTALESIIDAE
A. Agassiz, 1881

Bottle-shaped; plastron meridosternous;
ambulacra with single pores except adorally
in some genera; frontal ambulacrum form-
ing deep groove to peristome; interambula-
cra 1 and 4 meeting adapically; subanal
fasciole. [Sublittoral to hadal, mostly
bathyal.] Ree.

Pourtalesia A. Acassiz, 1869, p. 272 [*P. miranda;
OD] [=Phyale PomeL, 1883, p. 40 (type, Powur-
talesia jeffreysi THomson, 1873, p. 108) (mon
Phyale Kocn, 1847); Phyalopsis PomeL, 1883, p.
40 (type, Pourtalesia laguncula Acassiz, 1879, p.
205)]. Test small to medium-sized, bottle-shaped
posterior rostrate, very fragile; ambulacral plates
almost as high as interambulacrals; plates of am-
bulacrum III lower than in paired ambulacra,
ambulacra T and V discontinuous adorally, labrum
separated from sternum, sternum small, followed
by pair of episternal plates forming keel to sub-
anal rostrum, adapical plates of interambulacrum
5-paired; genital plates usually compact, 4 genital
pores; ambulacrum III without spheridia; spines
uniform or long, curved, stout and may be ser-
rate; tubercles perforate, crenulate; fasciole around
anal rostrum; tridentate, globiferous, rostrate, and
ophicephalous pedicellariae; tube feet simple. Rec.,
coSmMop. Fic. 423,2a. *P. miranda, Florida
Str.; lat, Xx2.3 (1). Fic. 423,2b,c. P. jeffreysi
Tromson, off Norway; 24, aboral, oral, >3

(123).
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la

Ceratophysa

Echinocrepis

Frc. 423. Pourtalesiidae (p. U537, U539).
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Ceratophysa PomeL, 1883, p. 40 [*Pourtalesia cera-

topyga A. Acassiz, 1879, p. 205; SD MoRrTENSEN,
1907, p. 82] [=Rodocystis LamBerT & THIERY,
1924, p. 424 (obj.)]. Large, outline triangular,
orally flattened; genital plates partly coalesced,
4 genital pores; periproct posterior, above rostrum;
peristome anterior; adoral structure of bivial
ambulacra unknown; labrum large, sternum faintly
raised, plates of interambulacrum 35 alternating
aborally; spines small, dense; subanal fasciole;
globiferous, tridentate, and ophicephalous pedi-
cellariae, Rec., Antarctic-S. Ind. O.-Chile. Fic.
423,1. *C. ceratopyga (A. Acassiz), S.Pac.; lab,
aboral, lat, X 0.7 (2).

Cystocrepis MorTENsEN, 1907, p. 84 [*Echinocrepis
setigera A. Acassiz, 1898, p. 78; OD]. Similar
to Echinocrepis but outline elongate oval; inter-
ambulacra 1 and 4 meet at mid-line adorally;
labrum rudimentary; posterior genital plates not
coalesced with anterior pair; long spines aborally;
tridentate, rostrate, and ophicephalous pedicellariae.
[Bathyal.] Rec., Panama.

Echinocrepis A. Acassiz, 1879, p. 206 [*E. cuncata;
OD]. Large, outline irregularly triangular, aboral
side pyramidal, vertex anterior, anterior irregularly
truncate; ambulacra of trivium somewhat sunken,
bivial ambulacra apparently continuous on oral
side; labrum separated from sternum; apical sys-
tem compact, three genital pores; plates of inter-
ambulacrum 5 alternating aborally; numerous fine
spines, few adapical interambulacral plates each
with single larger spine; no subanal fasciole; tri-
dentate pedicellariae. Rec., Antarctic. Fic. 423,
3. *E. cuneata; 3a-c, aboral, oral, lat,, X0.7 (2).

Echinosigra Mortensen, 1907, p. 82 [*Pourtalesia
phiale Tromson, 1873, p. 90; OD]. Similar to
Pourtalesia but more elongate; ambulacra I and V
continuous; labrum large, conspicuous; primary
spines short, partly spatulate. [Bathyal.] Rec.,
cosmop. Fic. 424,2. *E. phiale (THomson),
N.Atl.; 2a-¢, aboral, lat., oral, X5 (135).

Helgocystis MorTenseN, 1907, p. 82 [*Pouwrtalesia
carinata A. Acassiz, 1879, p. 205; OD]. Large;
ambulacra of bivium continuous, adoral ambulacral
plates with 2 pores each; labrum large, widening
posteriorly, separated from sternum; plates of in-
terambulacrum 5 alternating; 4 genital pores, geni-
tal plates not compact; globiferous, rostrate, triden-
tate, and ?Pophicephalous pedicellariae. Rec., Ant-
arctic-Subantarctic-Chile.

Spatagocystis A. Acassiz, 1879, p. 206 [*S. chal-
lengeri; OD]. Very fragile; posterior pointed;
plastron keeled, forming subanal rostrum, peri-
proct submarginal; genital plates separate, 4 geni-
tal pores; ambulacra T and V discontinuous; lab-
rum small, separated from sternum; plates of
interambulacrum 5 small, alternating; subanal
fasciole; rostrate and two types of tridentate pedi-
cellariae. Rec., Antarctic-S.Ind.O. Fic. 424,1.
*S, challengeri, Antarctic; la, lat, X0.7 (2); 15,
oral, X1 (3).

U539

Spatagocystis
patagocy b
Fic. 424. Pourtalesiidae (p. U539).

Family STENONASTERIDAE Lambert,
1922

Interambulacrum V protosternous; am-
bulacra with double pores, not petaloid;
apical system without complemental plates,
ethmophract, not elongate. U.Cret.
Stenonaster Lampert, 1922, p. 114 [*Ananchytes
tuberculata  DEFrance, 1816, p. 41y OD]
[=Stenonia Drsor, 1858, p. 333 (obj.) (non
Gray, 1853); Stemocorys LamerrT & THIERY,
1917, p. 3 (obj.)]. Subconical aborally, flattened
orally, with sunken peristome; ambulacra similar,
pores somewhat clongate, those of pair arranged
in circumflex, pores of oral side large, single,
vertically clongate; apical system with 4 genital
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pores, central; periproct inframarginal; peristome *S, tuberculata (DEFRANCE), Italy (4a-c), Tunisia
anterior, subpentagonal; labrum not well devel- (4d,e); 4a-c, aboral, oral, lat, X0.7 (142); 4d.e,
oped; no fascioles. U.Crez., Medit. Fic. 425 4. apical system, plastron, enlarged (136h).

Turanglaster

Fic. 425. Stenonasteridae (4); Somaliasteridae (I); Family Uncertain (2-3,5) (p. U539-U543).
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Family SOMALIASTERIDAE
Wagner & Durham, n. fam.

Plastron meridosternous, labrum typically
separated from succeeding interambulacral
plates by meeting of adjacent ambulacra at
mid-line adorally; paired ambulacra petal-
oid; apical system ethmophract or ethmoly-
tic, not elongate; peripetalous fasciole pres-
ent, U.Cret.(Senon. )-Paleoc.

Somaliaster Hawxins, 1935, p. 53 [*S. magni-
venter; OD]. Test inflated aborally, plastron
raised, outline subcircular, with faint frontal de-
pression, test commonly asymmetrical with right
anterior quadrant extended anteriorly; petals well
developed, open, flush with test but with inter-
poriferous zone somewhat sunken, pores of pairs
equal, rounded; pores of anterior ambulacrum
round, in single series; labrum with lip moderate-
ly well developed, sternal plate large, subtriangu-
lar, succeeding plastronal plates in regular alter-
nating series, interambulacrum 1 meridoplacous,
interambulacra 2, 3, and 4 amphiplacous; apical
system slightly posterior, commonly tending to-
ward ethmolytic condition, 4 genital pores; peri-
proct horizontally elongate, on short posterior
slope; peristome anterior, semilunar; primary
tubercles crenulate, not arranged in regular pat-
tern. U.Cret.(Senon.), Somal.-Iran. Fic. 4254,
2. *S. magniventer, Somal.; 24,6, aboral and post.
views, X1.5; 2¢, arrangement of plates on oral
side, 3 0.75 (2a,b, 136h; 2¢, 91b).

Brightonia Kier, 1957, p. 871 [*B. macfadyent;
OD]. Test small, subglobular, widest anteriorly;
anterior ambulacrum slightly sunken, petals nar-
row, straight, pores slightly elongate, conjugate;
labrum separated from succeeding interambulacral
plate by meeting of adjacent ambulacra at mid-
line, interambulacrum 1 meridoplacous, interam-
bulacra 2, 3, and 4 amphiplacous; apical system
anterior, 2 genital pores; tubercles small, crenu-
late, not arranged in pattern. Paleoc., Somal.
Fic. 425A,1. *B. macfadyeni; la,b, aboral
and lat. views, both with peripetalous fasciole
marked, X1: I¢, arrangement of plates on oral
side, X1 (94a).

Iraniaster CorTEAU & GauTHIER in Morcaw, 1895,
p. 26 [*1. morgani; OD]. Test slightly longer
than wide, aboral side inflated, plastron raised,
anterior ambulacrum depressed, faint double keel
present on aboral side in interambulacra; pores
of petals transversely elongate, interporiferous
zones of petaloid ambulacra depressed; pores of
anterior ambulacrum small, round; apical system
central, 4 genital pores; periproct on short pos-
terior slope: labrum commonly separated from
succeeding interambulacral plate by meeting of
adjacent ambulacra at mid-line; peripetalous
fasciole passing at some distance from tips of
petals; tubercles scattered except on adoral-most

Brightonia

3d

Leviechinus

Fic. 425A. Somaliasteridae (p. U541-U542).

area of plastron where they are arranged in more
or less longitudinal rows. U.Cret.(Senon.), Iran.
Fic. 425,1. *I. morgani; la-c, aboral, oral,
and lat. views, X0.7 (210).
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Physaster

Habanaster

Fic. 426, Family Uncertain (p. U542-U543).

Leviechinus Kier, 1957, p. 873 [*Pericosmus
gregoryi Curmik, 1927, p. 430; OD]. Test sub-
globular, greatest width anterior, greatest height
posterior; ambulacrum III slightly sunken an-
teriorly, nonpetaloid, paired ambulacra petaloid,
faintly depressed in large specimens; pores very
elongate, conjugate, interporiferous zones narrow,
anterior paired petals longer than posterior pair;
second postlabrum plate of plastron extending
almost as far adorally as first, labrum separated
from first postlabrum plate by meeting at mid-
line of one ambulacral plate from each adjacent
column; peristome anterior, semicircular, slightly
depressed; periproct elongate along III-5 axis, sit-
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uated on high posterior slope partially visible from
apical side; peripetalous fasciole not well devel-
oped, possibly not continuous, evidence of mar-
ginal fasciole present on some specimens; tubercles
small, not arranged in regular pattern. Paleoc.,
Somal. Fic. 425A,3. *L. gregoryi (CURRIE);
3a-¢, aboral, lat., and oral views, X1; 3d, plate
arrangement of plastron, 0.5 (94a).

Family UNCERTAIN

Coraster Cotreau, 1886, p. 69 [*C. wvilanovae;
OD]. Small, subglobular, faint frontal depression;
pores of ambulacrum III small, round; pores of
paired ambulacra small, comma-shaped; apical
system compact, 4 genital pores; peristome an-
terior, labrum well developed; periproct posterior;
structure of plastron unknown; peripetalous fas-
ciole. U.Cret.-Paleog.(Dan.), Medit. Fic. 425,
2. *C. vilanovae, Dan., Spain; 2a,b, aboral, oral,
%1 (136h).

Corechinus Kowcier, 1936, p. 8 [*C. pulaviensis;
OD]. Test small; aboral side inflated, oral side
convex; ambulacrum III deeply sunken; pores
small; paired ambulacra nonpetaloid, pores larger;
apical system anterior; periproct apparently infra-
marginal; peristome near anterior margin; fascioles
not observable. U.Cret., Pol.

Habanaster LamserT in Sincuez Roig, 1924, p. 11
[*H. sanchezi; OD]. Small, aborally highly in-
flated; ambulacra similar, nonpetaloid, pores
minute; interambulacrum 5 discontinuous  ad-
apically; structure of apical system unknown, 2;:3,
or 4 genital pores; periproct high on truncate pos-
terior end; peristome anterior, labrum not dis-
tinct. Eoc., Cuba. Fic. 426,3. *H. sanchezi;
3a-c, aboral, oral, post., X1 (136h).

Menuthiaster LamserT, 1896, p. 322 [*M. cotteaut;
OD]. Aborally inflated, orally slightly convex,
plastron raised; apical system compact, ethmo-
phract, 4 genital pores; periproct inframarginal;
peristome rounded, labrum poorly developed; wide
ambulacral fasciole; interambulacra with some
large crenulate, perforate tubercles both within
and without fasciole., U.Cret.(Senon.), Madag.
Fic. 425,3. *M. cofteani; 3a,b, aboral, lat, X1
(203a).

Nordenskjoeldaster Lanxeert, 1910, p. 9 [as Norden-
skidldaster] [*N. antarcticus; OD]. Small; pores
of ambulacrum III minute; pores of paired ambula-
cra larger, conjugate, interporiferous zones nar-
row; petals of bivium shorter than in trivium;
apical system ethmophract, elongate; periproct
posterior, high; peristome transversely elliptical,
not distinctly labiate; fno fascioles. U.Cret.
(Cenoman.), Antarctic. Fic. 426,1. *N. ant-
arcticus; la,b, aboral, lat, X1 (108).

Physaster Pomer, 1883, p. 47 [*Echinospatagus in-
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flazns 0'ORBIGNY, 1854, p, 171; OD] [=Inflataster
AwrtHULA, 1899]. Small, subglobular; ambulacra
simple, pores of ambulacrum I small, round;
poeres of paired ambulacra comma-shaped, 4 genital
peres; periproct small, round, high up on broad
ambitus; peristome subpentagonal, labrum not dis-
tinct; interambulacrum 5 simple, no plastron, Crer.
(.41b.-Senon.), Medit,-W, Afr. (Scncgal). Fic.

U543

426.2, *P. inflatns {p'OrBioNy), Alb., Senegal;
2ak, aboral, post., X1 (142).

Turanglaster SorLovyev & MEeLikov, 1963, p. 107
[*F. mazki;, OD). Small, subglobular, orally
convex; periproct high posteriorly, subanal fasciole;
4 gemital pores. U.Cret., USSR (Turkmen-Azerbai-
janj. Fic. 425,5. *T. nazkii, Azerbaijan; 3a,
oral, X3; 5f-e, apical, oral, laL, post., X2: 5/,
apical system, enlarged (21%a),

SPATANGOIDS

By Avrrep G. FiscHER

[Princeton University]

INTRODUCTION

Spatangoids comprise the heart urchins,
sensu stricto. All are classed as amphistern-
ous, inasmuch as their posterior ambulacral
areas begin at the peristome with a single
plate, the labrum, which is bilaterally sym-
metrical except in most primitive forms and
followed by a pair of sternal plates. The
sternal plates are asymmetrical and only
slightly  differentiated in most primitive
spatangoids but symmetrically placed and
quite distinct in more advanced ones, which
also have succeeding plates of the plastron
well differentiated and arranged in bilateral
pairs.

Like same, but not all, irregular echinoids,
structure of the spatangoid test follows
Lovin’s Jaw, which observes that among
the ten ambulacral plates adjoining the
peristome five carry the normal complement
of a single tube foot and the remaining five
cach bear two tube feet. The pair-pored
plates invariably occupy positions which in
LovEn’s scheme of reference are designated
by the symbols la, Ia, b, IVa, and Vb
{Fig. 427).

Despite their lack of jaws, spatangoids
(as well as disasterids) possess internal pro-
jections on the peristomial margin
{Devrits, 1960). In spatangoids these
apophyses occur mainly in the posterolat-
eral ambulacra, that on the left side (amb 1)
being invariably larger than the correspond-
ing one on the right (amb V). In advanced
forms the larger apophysis is developed as
a long blade or tooth projecting backward.
The function of this structure has not been
described, but Kier (personal communica-

tion) suggests that it supports the esopha-
gus,

As a group, spatangoids are specialized
for a burrowing existence. Some live on the

Fro. 427. Peristomial region of Lovenia elonguta
(mod. from Mortensen). [Explanation: peristome
(large black area} with peristomial plates omitted;
interambulacral plates shaded; /, labrum; s, sternal

plates.  Ambulacral plates near peristome with
large feeding tube feet set into pits (black} and
with spheridia set into pits (dotted); more distant
ambulacral plates with thin tube feet emerging
through very small pores (dot): 5 larger ambula-
cral plates each bearing 2 tube feer, constant in
asymmetrical placement around peristome {Lovén’s
law).]
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surface of sea-bottom sediment, but most
burrow downward into it, a few descend-
ing to depths below the water-sediment in-

terface amounting to several times their
own height {Fig, 205, 206).

FORM AND FUNCTION
RELATED TO HABITAT

Life in burrows presents special problems
for echinoids, and most features character-
istic of spatangoid families are adaptive to-
ward solution of these problems. One in-
volves construction and maintenance of the
burrow, which is somewhart larger in diam-
cter than that of the animal and commeonly
provided with extensions. The extensions
include a respiratory canal or funnel for
transport of oxygenated water into the bur-
row and a single or double sanitary canal
that functions for disposal of stale water
and waste products (Fig. 205, 206). A sim-
ple burrow in coherent sediment can be
excavated and maintained by a cover of
short spines on the echineid test, but bur-
rows in loose sediment require a lining of
mucus in order to remain open, and for the
construction and maintenance of respiratory
and sanitary canals a requirement is the
presence of long prehensile tube feet or ex-
tremely long primary spines, or both.

Another problem concerns respiration.
Even partial burial of the echinoid in mud
or fine sand reduces the area of contact with
oxygen-rich sea water and this has led to
specialization of the adapical tube feet for
functioning as respiratory structures, an
adaptation which is reflected in the petaloid
nature of nearly all spatangoid tests. Com-
pletely buried individuals presumably live
in environments that range from mildly
oxidizing to highly reducing, which has
required development of various means for
bringing oxygen to the right spots. The
construction of respiratory and sanitary
canals contributes to this end, and depres-
sion of the petaloid areas below the general
surface of the test undoubtedly aids in
channeling the flow of water over the res-
piratory tube feet. Most of all, the burrow-
ing echinoid needs to find a means of draw-
ing water into the burrow in front of the
animal and of expelling waste water to the
surface of sediment in which it 15 burted
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or into the sediment at rear of the test.
Echinoids are normally provided with cilia
which can produce water currents flowing
over the surface of the test, but the greater
demand of spatangoids for such circulation
has led in advanced forms to the develop-
ment of fascioles (Fig. 185), which are
bands on the outer surface of the test char-
acterized by closely crowded tiny spines
covered with cilia. These cilia can produce
currents much stronger than those devel-
oped elsewhere on the test. Different groups
of spatangoids developed distinct types of
fascioles..

Knowledge of the life habits of spatan-
goids has been advanced greatly by the re-
cent observations of Nicrnors (140} en
British shallow-water species. His studies
have provided a rational basis for inter-
preting many fossil representatives of the
group—for example, those occurring in the
well-known evoluticnary lineage of Micras-
ter found in the English chalk. Successive
forms in this lineage appear to depict adap-
tation to gradual deeper-burrowing habits,
Understanding of fossil spatangoid assem-
blages is severely limited by the paucity of
present knowledge as to the mode of life
and general biology of living forms.

ORIGIN AND EVOLUTIONARY
TRENDS

The earliest known spatangoids are mem-
hers of the Toxasteridae, occurring in rocks
of Early Cretaccous (Berriasian) age of the
Mediterranean region. Bevries (13) visual-
ized these as descendants of Late Jurassic
holasteroids of his Collyritidae (including
the Disasteridae and Collyritidae of present
classification), specifically of the genus
Metaporinus; Mortensen  (136h, p, 12)
concurred in this judgment.

This hypothesis meets with an obstacle
in thar the Disasteridae and Collyritidae
show a progressive disjunction of the apical
system, bivium and trivium. If spatangoids
are derived from them, this evolutionary
trend was reversed, and the compact apical
system of spatangoids is a secondary re-
acquisition, Durnam & Mrerviee (52)
therefore sought the origin of spatangoids
in the Galeropygidae, and Dugrnam now
sugpests, as the most conservative view,
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Frc. 428. Toxaster laffitei Devrits, possible link

between collyritid  holasteroids  and  toxasterid

spatangoids. L.Cret.{Berrias,), N.Afr., X2 (after
Devrids).

that the Holasteroida, Cassiduloida, and
Spatangoida arose from a common ancestor
at the beginning of the Jurassic.

However, Toxaster laffittel DEvrats, from
the Berriasian, appears to be a connecting
link between the Collyritidae and Toxasteri-
dae, and thus gives new support to the gen-
eral views of BrurLEn and MoRTENSEN,
The general form of T. laffittei resembles
that of the early toxasterids, but the bivium
and trivium are clearly disjunct (Fig. 428},
and the apical system is elongate (Fig.
429,4), resembling that of Collyrites, but
catenal plates are lacking. T. africamus
Coguanp (Berriasian-Hauterivian) has an
apical system intermediate between that of
T, laffitzer and the compact system of typical
toxasterids. Unlike toxasterids in general,
T. laffittei is nonpetaloid, having high am-
bulacral plates and rather round pores.
Its plastron (Fig. 430,2a) is protamphistern-
ous, intermediate between those of Colly-
rites and typical toxasterids. In summary,
T. laffizte; docs not appear to be properly
referable to Toxaster, and docs not ht very
well in the family Toxasteridae, but
Devrifs’ conclusion that it is a connecting
link between the Collyritidae and Toxasteri-
dae seems reasonable to me.

The apical system of spatangoids (Fig.
429) is characterized by lack of the pos-
terior genital plate. As just mentioned, this
system is elongate in Toxaster laffittei, in-
terpreted as most primitive, with its an-
terolateral oculars side by side so as to
separate the anterior genital plates from the
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posterior ones. In primitive spatangoids gen-
erally, the apical system is compact, with
four genital plates meeting medially and
thus forming the so-called ethmophract
condition. In advanced spatangoids of var-
ious families, the madreporite extends far-
ther to the rear and separates the posterior
ocular plates (ethmolytic condition). Gono-
pores normally are four but may be reduced
to three or two.

Fascioles (Fig. 185) are lacking in primi-
tive spatangoids such as most members of
the Toxasteridac. More advanced forms
developed a basic fascicle pattern, which is
peripetalous in the hemiasterid branch, peri-
petalous with added marginal fasciole in
the Pericosmidae, and peripetalous with
added lateroanal fasciole in the Schizasteri-
dae. Basic in the micrasterid branch is the
subanal fasciole, to which the Prissidae and
some Loveniidae added a peripetalous fas-
ciole, thus indicating convergence with the
hemiasterid asscmblage, and the Loveniidac
as a whole added an internal fasciole.
Echinocardium has also an anal fasciole.
Finally, some advanced spatangoid groups
gave rise to stocks lacking fascioles {e.g.,
many Asterostomatidae ).

Specialization in characters of spines
marks another evolutionary trend. Primitive
spatangoids possessed a fairly uniform cover
of short spines. Progressive diflerentiation
of these is marked by development of (1)
small cilia-bearing spines termed clavules
within the fascioles, (2) oar-shaped spines
on the plastron, adapted to aid in locomo-
tion, (3) small spines over the peristome
and ambulacral petals, suited to shicld the

Fio. 429, Three evolutionary stages of spatangoid

apical system. A. Primitive clongate condition

{ Toxaster lafittei) (after Devries), B. Ethmo-

phract condition (Hemiaster] {after Mortensen).

€. Ethmolytic condition ( Brissusj {after Mor-
tensen).
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Fic. 430. Evolution of plastron in spatangoids,
Disasteridae, family ancestral to Spatangoida.

gradational to protosternous type; 24, T. africanus, more advanced; 2¢, Hemiaster texanus, typical,

1. Protosternatous plastron, Collyrites dorsalis, of
2. Protamphisternous plastrons; 2a, Toxaster laffitrer,

3.

Mesamiphisternous plastrons; 3e, Orulaster lambers, micrasterid; 35, Leiostomaster gentili, palaeostomatid;

3e, Schizaster sp——F. lolamphisternous plastron, Spatargns purpurens. 5. Ultramphisternous plas-

trons; 5a, Eupatagus (Gymunopatagus) antillarnm, brissid; 56, Adsterostoma excentricum (all after Morten-

sen, except 2, after Devriés, and 54, after Fischer). [Explanation: /, labrum; s, sternal; e, episternal;
p, pre-anal.]

mouth and respiratory tube feet, and (4)
large primary spines, generally curved longi-
tudinally, concerned with functions of the
respiratory and sanitary canals. In several
spatangoid groups the large spines came
to be based in deeply recessed scrobicules
consisting of skeletal pouches that project
as bulges on the inner surface of the test.

These pouches are here termed camellae.
Largely unstudied additional aspects of
spine specialization are the development of
strongly curved spines, highly excentric
scalelike spine bases, and mamelons of a
type which restricts motion of the spines
to certain directions.

Specialization of tube feet, reflected in
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Fic. 431, Spatangaid family tree indicated by structurc of apical system and differcntiation of spines and

fascioles. Primitive Toxasteridac are inferred to have given rise to two main branches, distinguished as

the hemiasterid stack (suborder Hemiasterina) at left and the micrastenid stock (suborder Micrasterina) at

right, The family Asterostornatidae {suborder Asterostomatina) appears to represent a palyphyletic group
derived from several families (Fisher, n).

fossils by the nature and distribution of
ambulacral pores, is well demonstrated
in spatangoids. Among regular echinoids
the tube feet primitively serve a variety of
functions, such as respiration, locomotion,
sensory perception, food gathering, and
fixation. In spatangoids some or all tube
feet of the adapical surface are modified for
respiration, being broadened and closely

crowded to produce the familiar petals. All
five ambulacral areas may be petaloid, but
commonly only the paired areas comprise
petals and bear respiratory tube feet. In
the aberrant Aeropsidae the frontal un-
paired ambulacrum is petaloid, whereas the
paired ambulacra are nenpetaloid. In nor-
mal spatangoids the frontal ambulacrum
generally carries round pores which serve
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for egress of large penicillate tube feetr that
function in maintaining a respiratory fun-
nel and in food gathering. Tube feet of the
ambital area beyond the petals gencrally are
very small and emerge through tiny pores.
Nictors (140) considered these to be spe-
cialized for sensory functions. According to
Kier (98), most Cretaccous spatangoids
have these pores arranged in pairs, which
is the normal condition in echincids as a
whele, with cach tube foot penetrating an
ambulacral plate in two branches. Kier's
observations indicate that in post-Cretaceous
spatangoids the tube feet are undivided
beyond the petals; hence each plate in such
areas shows only a single pore (many pub-
lished figures being erroncous in this re-
spect). Double pores persist in the sub-
anal and peristomial region of at least
some spatangoid groups, however,

Tube feet of the peristomial region have
become large and penicillate in spatangoids.
They arc specialized for picking up sedi-
ment or food-laden mucus passed down
from above and for transmitting such mate-
rial 1o the mouth. Pores near the peristome
of advanced spatangoids tend to be large,
single, and located in depressions, which,
with spheridial pits, may form a more or
less conspicuous floscelle (Fig, 427).

Increasing bilateral symmetry of the
plastron constitutes still another evolution-
ary trend (Fig. 430). In collyritids (Fig.
430,1) the plastron 15 protosternous. Tox-
asterids, however, show differentiation of
the plate adjacent to the peristome as a
distinct labrum, with a pair of succeeding
sternal plates more or less side by side, thus
attaining the amphisternous condition. In
primitive amphisternous forms {e.g., Hemi-
aster texanus), thesc sternal plates are far
jrom symmetrical and accordingly their
plastrons here are termed protamphistern-
ous (Fig. 430,2; 449). On the other hand,
the sternal plates of advanced Hemiasteri-
dae, Micrasteridae, and some other families
are almost mirror images of each other
(e.g., Ovalaster, Schizaster), with succeed-
ing plates arranged alternately—a condition
here termed mesamphisternous (Fig. 430,5;
453; 463). The next stage, represented by
Sparangus, has plates beyond the labrum
arranged in bilateral pairs but not differ-
entiated otherwise. This condition is de-
fined here as holamphisternous (Fig. 430,4;
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489). The most specialized development of
plastrons is distinguished by paired sternal
plates of markedly dissimilar shape and size
and in some by the greatly narrowed or tn-
terrupted nature of the plastron. This stage,
which is shown by loveniids, brissids, and
asterostomatids (Fig. 430,5; 468; 496; 501),
is here termed ultramphisternous.

CLASSIFICATION

Among numerous proposed classifications
of spatangoids (named Amphisternata by
Mortinsen, 1950), the most significant
have been published by Lovén (1883),
Pomer (1883), Crark (1917}, LaMBERT &
TrHiEry (1924-25), MorTensen (1950}, and
Duraam & Mervies (1957). The differ-
entiation and arrangement of families
adopted in the Treatise essentially agree
with Mortensen's classification, but on the
basis of priority, Asterostomatidac is ac-
cepted in place of Palacopneustidae. Main
morphological features of recognized sub-
orders and families are summarized in
Table 1 {p. U628). All but Asterostomatidae
are judged to be natural phylogenetic assem-
blages. Their relationships indicated by
evolutionary trends shown mainly in fea-
tures of fascioles, apical systems, and spines
arc illustrated diagrammatically (Fig. 431).
Geological  distribution  and  diversity
through time expressed in terms of genera
also are indicated graphically (Fig. 432).

The picture of spatangoid echinoids here
presented  differs from earlier views par-
ticularly in one respect, namely, that pre
viously the Asterostomatidae have been con-
sidered by most students to be primitive
forms. This is because of their overall
appearance, with tendency to have weakly
developed petals (scme genera entirely non-
petaloid }, with absence of fascioles in many,
and with lack of spine differendation in
some. In terms of the apical system and
plastronal symmetry, however, the astero-
stomatds are highly developed spatangoids,
with a known fossil record reaching back
only to the Eocene. Further, their connect-
ing links with the Brissidae, Spatangidae,
and Hemiasteridae scemingly mean that the
Asterostomatidae are not a primitive group
but a polyphvyletic assemblage derived from
highly specialized ancestors. Members of
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the group resemble one another mainly be-
cause of a reduction or loss of characters
that function in burrowing.

The evolutionary scheme here visualized
provides for four main groups of spatan-
goids ranked as suborders. The Toxasterina
are inferred to comprise the primitive root-
stock, which ranges from Late Jurassic to
Recent, with greatest success attained in
Larly and Middle Cretaceous time. The sub-
order is represented by the single family
Toxasteridae, characterized by an ethmo-
phract apical system, small spines only, and
lack of tascioles in most genera. The group
gave rise to two branches, which respective-
ly comprise the suborders Herniasterina and
Micrasterina.

The Hemiasterina are characterized by
presence of a peripetalous fasciole, with
which others {except subanal fasciole) may
occur also. Main families are the Hemi-
asteridae, with only a peripetalous fasciole,
and the Schizasteridae, which may possess
a lateroanal fasciole in additon. Advanced
members of both families evolved ethmoly-
tic apical systems and some schizasterids
evolved primary spines, The Palaeostomati-
dae, which developed a pentagonal peri-
stome with five triangular peristomal plates,
may be an carly offshoot of the hemiaster-
ids. The Aeropsidae are another possible
offshoot, which lacks a fossil record. This
group is characterized by a petaloid anterior
ambulacrum and nonpetaloid paired am-
bulacra. The Pericosmidac are a small third
offshoot marked by the presence of a mar-
ginal fasciole.

The Micrasterina have a subanal fascicle
as basic feature. The family Micrasteridae,
mainly of Cretaceous age, grades into the
Toxasteridae. The mainly Cenozoic fam-
ilies Spatangidae, Loveniidae, and Brissidae
are inferred to be derivatives of the Micras-
teridae. They are wholly ethmelythic, pos-
sess highly differentiated spines, exhibit ad-
vanced types of plastron, and have added
other fascioles (peripetalous in Brissidae, in-
ternal in Loveniidae), though some have
lost the subanal fasciole.

As previously noted, the Asterostomatina
seem to be a polyphyletic assemblage which
has lost burrow-adaptive structures (e.g.,
petals, fascioles, and primary spines) in
some degree, Ultimately it may be possible
to reclassify the genera of this group, but
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for the present recognition of the suborder
fills a taxonomic need.

Although some spatangoid families have
been divided by authors into subfamilies
{e.g., Spatangidae and Loveniidae by Mox-
TewsEN}, little seems to be gained by such
procedure. The families are so small that
division of them in arbitrary manner serves
no practical end, and knowledge of morph-
alogical relationships is yet insufficient to
define subfamilies having evolutionary sig-
nificance.

GEOLOGIC HISTORY

From small beginnings in the Neccom-
ian the spatangeids became moderately
diversified in Cretaceous time. They were
then established as a successful group of
echinoids which flourished especially in
wari-water environments of the neritic
zone where they were buried chiefly in cal-
carcous sedmment. The advanced families
Schizasteridae and Brissidae originated dur-
ing the Cretaceous Period. Others, marked
by such specializations as reduction of many
ambulacral pores to a single-pore condition
and development of primary spines, arose in
Eocene time. The diversity of spatangoids
attained an all-time maximum in the Eocene
(Fig. 432), since which epoch the number
of spatangoid genera has declined steadily,
though not rapidly. Allowing for vastly
greater knowledge of modern faunas of the
world than of fossil assemblages, we may
conclude that each family of spatangoids
passed its peak of diversity at some time in
the Tertiary. The apparent Recent climax
of the asterostomatids is attributable to their
preference for abyssal and bathyal environ-
ments, which are very scantily represented
in the fossil record. Whether the decline of
spatangoids denotes a losing-out by them
to some group of competing organisms or
decimation of the great Mediterranean and
Caribbean echinoid faunas of Early Tertiary
time caused by climatic deterioration which
culminated in the Pleistocene cold spells is
undetermined.

Order SPATANGOIDA Claus, 1876

[Spatangoida CLaus, 1876, p. 295 (emend. DurHaAM & MEL-

vitte, 1957, p. 276) [=Amphisternous Spatangidae Lovin,

1883, p. 93; Amphisternata Lameert, 1893, p. 63, MoRTENSEN,
1907, p. 90|

Apical system compact, ethmophract or
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ethmolytic, not opposite peristome, with 4
or fewer gonopores. Oral side of posterior
interambulacral area normally differentiated
into amphisternous plastron with bilateral
pair of sternal plates behind terminal lab-
rum. Ambulacral plates primitively bearing
pair of pores for egress of each tube foot
but many forms with sensory and circum-
oral (phyllodal) tube feet emerging from
single pore, and specialized forms with
pores on aboral side partly reduced to single
state; all or some ambulacral areas of aboral
side generally petaloid and all (in agree-
ment with Lovin’s law) with peristome
adjoining plate of ambulacral rows Ia, Ila,
IlIb, 1Va, and Vb, perforated by 2 pores
or pore pairs, thus providing for 2 tube
feet. Peristome generally anteriorly eccen-
tric and labiate, but some forms with cen-
trally placed round or pentagonal peri-
stomes. Phyllodes generally present but
hourrelets lacking. Mouth devoid of teeth.
Periproct located near posterior extremity.
Spines of fossil forms poorly known other
than on hasis of their corresponding tuber-
cles; approximately half of spatangoid fam-
ilies characterized by rather uniform cover
of small spincs, other families showing dif-
ferentiated primary and secondary spines,
curved, bristle-like primary spines occurring
on aboral surface, where they serve to main-
tain breathing shaft extended to surface, and
in subanal region, where they function in
sanitation. Most spatangoids, other than
Toxasteridae, possessing fascioles, classified
according to position as peripetalous, mar-
ginal, subanal, latero-anal, anal, and in-
ternal, and occurring singly or in combi-
nation. L.Cret.{ Berrias. )-Rec.

Suborder TOXASTERINA

A. G. Fischer, new suborder
[=Adetes Duncar, 1889 {parsim))

Petaloid spatangoids generally lacking
fascioles and primary spines, and having
primitive (ethmophract) apical system.
These forms represent the rootstock of
spatangoids. Restricted to family Toxasteri-
dae. L.Cret.( Berrias.)-Rec.

Family TOXASTERIDAE Lambert,
1920

[Toxasteridae Lameert, 1920, p. 16] [ =Palacosteminue
ZitrEL, 1879, p. 359]

Apical system normally ethmophract {pos-
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terior genital plates mutually contiguous),
gonopores 3 or 4; paired ambulacra petaloid,
generally open, frontal ambulacrum petaloid
or not; ambital and circumoral ambulacral
pores double, even in living species (in con-
trast to all other modern spatangoids); fas-
cioles normally lacking; no primary spines;
plastron protamphisternous to mesamphis-
ternous. L.Cret.{ Berrias.)-Rec.

Toxaster laffirte Devrits (Berrias, N.
Afr.y (Fig. 428; 429,4; 430,2) (not truly
a Toxaster) forms link to Collyrites in the
holasteroid family Collyritidae, retaining the
disjunct bivium and trivium and the clon-
gate apical system of Collyrites but lacking
catenal plates and possessing a plastron
which stands on the borderline between
protosternous and protamphisternous types.
Enallopneustes, with a marginal fasciole,
stands alone; species with traces of peripetal-
ous fascioles form a bridge to the Hemi-
asteridae.

Toxaster L. Acassiz, 1840, p. 25 [*Sparangus re-
tests Lamarck, 1816, p. 33; SD Correav, 1878,
p. 1171 [=Echinospatagus BrEvnics, 1732 (type,
E. cordijormis BrevNius, nom. nud.); Echino-
spatagus v'OreioNy, 1853, p. 30 (obj.); Hypsaster
PovrL, 1883, p. 44 (type, Spatangus argilaceus
PriLvLies, 1829; Miotoxaster PomEr, 1883, p. 44
(type, Echinospatagus breyminsi D'ORBIGNY, 1859,
p. 173); Pliotaxaster Fourtau, 1907, p. 140 (type,
P. lyonsi, OD)}. Test ovoid to heart-shaped, pos-
terior extremity truncated, fromt depressed; frontal
ambulacrum subpetaloid; paired ambulacra petaloid,
open distally, slit-pored, anterier pair longer than
posterior; apical system posterior, with 4 gono-
pores; peristome subpentagonal. [A diverse genus
which requires subdivision.] Cret.( Berrias.-Ceno-
men.), S.Eu.(Medit.}-S.Am.(Colombia), #U.Cret
(Senon.), N.Am. Fic. 433,2. *T. retusus
{Lamarck), L.Cret, France; 2a-¢, aboral, oral,
lat,, X 1; 2d, apical region, enlarged (136h).
Adytaster LamverT, 1895, p. 162 [*Cyclaster In-
eentinus Correau, 1890, p. 48; OD). Test clon-
gate, posicriorly rostrate and truncate, with an-
teriorly cccentric apical system; only paired am-
bulacra petaloid, with conjugate pores. [Poorly
known; provisionally referred to Toxasteridae.]
For., Eu.(Spain.). Fic. 433,3. *A. lucentinus
(Correau}; 3a-d, aboral, oral, lat, post, X1
(136h). [=Adetaster DELAGE & HErouarnp, 1904,
p. 268.)

Aphelaster LamperT, 1920, p. 83 [*A. integer, p.
83; OD]. Test subconical; ambulacra flush, petal-
oid, alike, with pores transversely elongate. L.
Cret.{ Hauteriv.}), Eu.{Fr.-Mallorca). Fii. 433,
1. *A4. integer (GauThier), France; lab, aboral,
post., X1 (136h).
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Adytaster
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Fic. 433. Toxasteridae (p. U551, U553).
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Douvillaster

Fic. 434, Toxasteridae {p. U553).

Douvillaster Lamsert, 1917, p. 18 [nom. nov. pro
Hypsaster PomeL, 1883 (non PomeL, 1869, p. 16)]
[*Epiaster vatonnei Cogquanp, 1878, p. 92; OD].
Test broad and rather low, with anterior sinus;
apical system ethmophract, with 4 gonopores; all
ambulacra having very large, somewhat depressed
petals with transversely slitted pores; some speci-
mens showing traces of peripetalous fasciole, serv-
ing to place this genus on borderline between
Toxasteridae and  Hemiasteridae.  Crez.(Apt.-
Turon.), Medit. Fic. 434,2. *D. vatonnei
(Coquann), N.Afr.(Alg.); aboral, X1 (136h).

Enallopneustes PomEer, 1883, p. 44 [*Holaster
jullieni PEron & Gautmier, 1881, p. 53; OD].
Resembling Toxaster but with petaloid frontal
ambulacrum, slightly anterior apex, and (unlike
typical toxasterids) marginal fasciole; pores in
petals of anterior plate series round, but in pos-
terior plate series elongate. [MorTENSEN's (1950,
pt. I, p. 411) opinion that this genus represents
a toxasterid offshoot parallel to the Hemiasteridae
but not properly classifiable with hemiasterids is
accepted.] U.Cret.(Santon.), N.Afr. Fic. 433,
4, *E. jullieni (PEroN & GAUTHIER); 4a,b, aboral,
lat., X 1.5: 4e¢, apical disc, enlarged (214).

Heteraster p'ORrBIGNY, 1853, p. 175 [*Spatangus
oblongus Browcwiart, 1821, p. 555; SD Lam-
BERT & THifry, 1924, p. 438] [=Enallaster
p'OrBIGNY, 1853, p. 181 (type, Hemipneustes
grenovii Foregs, 1852, pl. 5); Epiaster p’ORBIGNY,
1854, p. 186 (type, Micraster trigonalis DESOR,
1847, p. 189, SD Pomsew, 1883, p. 43); Pseudoe-

piaster  Seunes, 1888, p. 803; Taeniaster
LamBerT, 1895 (son Biirincs, 1858)]. Re-
sembling  Toxaster but frontal ambulacrum

semipetaloid, with pores alternating regularly or
irregularly between round pores and slits, or short
and long slits; anterior poriferous zones of paired
petals in some species much narrower than pos-
terior zones. [Specimens from Texas (Alb.) show
traces of multiple fascioles.] L.Cret.(Barrem.)-U.
Cret. (Cenoman.),  Arabia-Medit.-N. Am.-S. Am,
Fic. 434,1. H. trigonalis Desor, Cret., (Alb.),
Eu.; la-d, aboral, oral, lat,, post., X1 (142)——
Fic. 435,la-e. *H. oblongus (BronowiarT), L.
Cret.(Barrem.-Apt.), Medit.; Ia-d, aboral, oral,
lat.,, post, X1.5; Ie, apical disc, enlarged (142).
Fic. 435,1j. H. grenovii (Forses), Alb.,
Eng.; pore-pattern in frontal ambulacrum, enl.

(136h).
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Fic. 435. Toxasteridae (p. U553).

Isaster DEsor, 1858, p. 359 [*Spatangus aquitanicus
GraTeLoup, 1836, p. 74; OD]. Orally flattened
ovoid; 3 gonopores; ambulacra somewhat petaloid,
slightly depressed, open, lacking pores beyond ends
of petals; peristome labiate. Paleoc.(Dan.), Eu.
(Fr.). Fic. 438,1. *I. aquitanicus (GRATE-
vour); la-d, aboral, oral, lat, post, ¥1; Ie,
amb, III, enlarged (all 142).

Isomicraster Lamsert, 1901, p. 959 [*1. stolleyi;
OD]. High, conical form with deep anterior sinus
and distinctly heart-shaped outline; closely re-
sembling Micraster (Micrasteridae) but differing

in absence of fascioles, U.Cret.(Turon.-Senon.),
Eu.-N.Afr.-Madag., Mex. Fic. 436,1. *L
stolleyi, Ger.; la-c, aboral, oral, lat., X1 (136h).
Isopatagus MorTenseEN, 1948, p. 113 [*1. obovatus;
OD]. Resembling Isaster but more inflated, and
with pores beyond ends of petals; 3 gonopores.
[This genus appears to be the only living spatan-
goid in which circumoral tube feet have double
pores and is interpreted as the most primitive
living spatangoid known. Bathyal.] Rec., Indonesia.
Fic. 439,1. *I. obovatus; la-c, aboral, oral,
lat,, X 0.75; 1d, apical disc, X 0.6 (all 136h).
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Macraster Roemer, 1888, p. 191 [*M. texanus;
OD]. Like Toxaster but with paired petals of
nearly equal length; anterior ambulacrum with
long slit-pores arranged in chevrons; traces of
peripetalous fasciole present, suggesting relation
with Hemiaster, thus linking Toxasteridae with
Hemiasteridae. Cret.( Apt.-Cenoman.), Medit.-N.
Am.-S.Am. Fic. 438,2. *M. texanus, L.Cret.
(Alb.), USA(Tex.); 2ab, aboral, lat., X0.8

Fic. 436, Toxasteridae (p. U554).

U555
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Fic. 437. Toxasteridae (p. U555).

(Roemer, 1888); 2¢, detail of apex, enlarged
(136h).

Mokotibaster Lamsert, 1933, p. 17 [*M. hourcqui;
OD]. Broadly rounded in outline; apical system
with madreporite adjoining posterior ocular plates,
gonopores 4; ambulacra petaloid, pores conjugate
and outer ones transversely elongate; peristome
semilunar; periproct round; tuberculation uniform.
U.Cret.(Maastricht.), Madagascar. Fic. 440,2.
*M. hourcqui; 2a-c, aboral, oral, lat, X1 (136h).

Palmeraster Sincuez Roic, 1949, p. 268 [*P. pal-
meri; OD]., Test distinctly heart-shaped with
frontal sinus extending to anteriorly located peri-
stome; apical system ?ethmophract, with 3 or 4
gonopores; paired ambulacra having closed petals
with round pores, outer pore of each pair much
larger than inner; frontal ambulacrum nonpetaloid,
with small, distant pores; periproct transversely
oval, on truncated rear rear of test. U.Eoc.,, Cuba.

Fic. 437,1a,b. P. herrerai SAncnez Roic; lab,
aboral, adoral, 0.7 (216d). Fic, 439,1¢. *P.
palmeri; enlarged apical area (216d).

Polydesmaster LanserT, 1920, p. 16 [*P. fourtaus;
OD]. Robust heart urchin with deep frontal sinus
and truncate posterior end; apical system with 4
gonopores, but structure otherwise unknown.
Paired petals well developed, frontal pair longer
than posterior, and closed; marginal fasciole pres-
ent, in some double or multiple on sides, other
fascioles lacking. [Polydesmaster may be allied
with Enallopneustes, as a branch of the toxasterids
which developed a marginal fasciole, and which
never flourished.] U.Cret.(Cenoman.), Eu.(Fr.).

Fic. 440,1. *P. fourtaui; la-c, aboral, lat.,

lat,, X1 (1361).
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Macraster

Fic. 438. Toxasteridae (p. U554-U555).
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Isopatagus

U557

Fic. 439. Toxasteridae (p. U554).

Suborder HEMIASTERINA
A. G. Fischer, new suborder

[=Prymnadetes Duxcan, 1889, pariim]
Petaloid spatangoids having peripetalous
fasciole, in some families combined with
lateroanal or marginal fasciole, but none
with subanal fasciole. Apical system ethmo-
phract to ecthmolytic. Primary spines de-
veloped in few members of Schizasteridae.

L.Cret.(Apt.)-Rec.

Family HEMIASTERIDAE Clark, 1917

[Hemiasteridae Crarx, 1917, p. 159]

Heart urchins with ethmophract or

ethmolytic apical systems, bearing 2 to 4
gonopores; peristome labiate; paired am-
bulacra generally petaloid, tending to be
more closed than those of toxasterids; peri-
petalous fasciole present (Fig. 441). Pri-
mary spines absent. Plastron ranging from
protamphisternous to mesamphisternous.
[Modern forms are mud-dwellers ranging
from the lower neritic zone to bathyal zone. |

L.Cret.(Apt.)-Rec.

The Hemiasteridae were derived from
the Toxasteridae by acquisition of a peri-
petalous fasciole. Macraster, Douvillaster,
and Palhemiaster are intermediate forms.
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Fic. 440. Toxasteridae (p. U555).

Hemiaster Acassiz, 1847, p. 16 [*Spatangus bufo
BroncNIART, 1822, p. 84; SD Savin, 1903, p. 22]
[=Leucaster GAUTHIER in PERON, 1887, p. 386
(type, L. remensis Gaurmer, 1887, p. 387):
Peromiaster GauTHIER, 1887, p. 246 (type, P.
cotteaus), probably juvenile Hemiaster]. Test
broad, high relative to length, abruptly truncated
in rear, showing slight frontal sinus; apical system
ethmophract, with 4 gonopores; frontal ambula-
crum nonpetaloid or semipetaloid, with small
round pores; paired ambulacra having relatively
short petals, frontal pair longest. L.Cret.(Apt.)-
Ree., cosmop. |=Perionaster Gautnier, 1887, p.
245 (nom. null.).]

H. (Hemiaster) [=H. (Integraster) LAMBERT &
Tritry, 1924, p. 504 (type, Hemiaster ligeriensis
D'ORBIGNY, 1853, p. 255)]. Test inflated, frontal
sinus moderately deep; paired petals slightly
flexed, posterior pair somewhat shorter than an-
terior pair; in some species pores of anterior
plate row of each petal smaller than those of
posterior plate row. L.Cret.(Apt.)-Eoc., Eu.
Fic. 442,1. *H. bufo (Browcwiart), U.Cret.
(Cenoman.), Fr.; la-d, aboral, oral, lat., post.,
x 1.5 (142).

H. (Bolbaster) Pomer, 1869, p. 15 [*Sparangus
prunella Lamarck, 1816, p. 33; OD]. Test
subglobular, with only faint traces of anterior




sinus; petals small. U.Crer.{ Maastricht.)-Palecc.,
Eu. Fic. 442,2. *H. (B.) prunella (La-
MARCK); 2a-¢, aboral, oral, lat., X1 (136h).

H. {Gregoryaster) Lamprrt, 1907, p. 59 [*Peri-
cosmus coranguingm Grecory, 1892, p. 615;
OD]. Test high, abruptly tuncated in rear:
petals long and straight, subequal; frontal sinus
faint. {/.Cret.(Seror.), Eu, Fic, 442,3. *H.
(G.) coranguinum (GRuGory), Malta; 32k, ab-
oral, lat.,, X1 (136h),

H. (Holanthus) Lameert & Tuifry, 1924, p. 505
[*H. Aickmanni KoenLer, 1914, p. 142; OD].
Test inflated, lacking frontal sinus; petals very
large. U.Cret.(Cenoman.)-Rec., Eu.-Ind.O.

H. (Leyineriaster) Lamprrt & Terfry, 1924, p,
SO0 [*H. leymerter Acassiz, 1847, p. 122; OD]).
Moderately inflated, frontal sinus shallow, an-
terior petals very much longer than posterier
ones. U.Cret.f Cenoman.)-Mio., Eu. Fic. 443,
2. *H. (L.) leymeriei (Ascassiz), U.Cres.
(Turon.}; 2a-c, aboral, oral, lat., X1 (1361).

H. (Mecaster) Pomer, 1883, p. 42 [*H. fonrneli
Acassiz in Acassiz & Desor, 1847, p. 16; OD].
Relatively low, subhexagonal, with marked
frontal sinus; petals subequal in length, distinctly
flexed, U. Cret.f Cenoman.-Serion.}, FEu.-S. Am,

Fic. 443,1. *H. (M.) fourneli (DesHavEs},
la-¢, aboral, oral, lat., X1 (136h).

H. (Trachyaster) PomeL, 1869, p. 473 [*T. globo-
susy SD Pomer, 1883, p. 38]. Resembling H.
( Hemiaster) but ethmolytic, subgenera grading
into each other. Paleoc.{ Dan.)-Plio., Medit.-India.

Frc. 448.1. *H. (T.) globosus, Alg.; 1a-d, ab-
oral, oral, lat, post, X1; le, apical disc, X6
(L36h).

Cheopsia FourTau, 1908, p. 149 [*C. mortensent;
OD]. Small, outline oval, with fronta) sinus, oral
side flat, aboral side depressed in front and rostrate
in rear: structure of apical system unknown; ab-
oral ambulacra sunken, paired ones petaloid; inter-
poriferous zones and posterior interambulacrum
lacking tubercles: presence of peripetalous fasciole
suggests that this form may belong to hemiaster-
s, Eoc., Egypt. Tis. 443,3. *C. mortensens;
3a,b, aboral, lat, X1 (1361),

Crucibrissus LamserT, 1920, p. 27 | *Macropneustes
integer oF Lorio, 1891, p, 15; OD], Large ovoid,
lacking frontal sinus, sloping from anterior vertex
to sharp edge overhanging submarginal periproct;
frontal ambulacrum nonpetaloid; petals narrow,
depressed: peripetalous fasciole near edge of fest.
[ Tentatively assigned to hemiasterids.] Foc., Ttaly-
Armenia-Cuba. Fic. 443,5. *C. integer {nE
Lokiov), Italy: 54,6, aboral, lat, X 0.8 (136h).

Distefanaster Cueccris-Risporr, 1902, p. 72 [*D.
garganicus, OD]. High, subcircular, with deep
frontal sinus; apical system ethmophract, with 2
gonopores, lacking genital plate 3; petals sunken,
peristome slit-shaped. Eoc., Italy-Madagascar.
Fic. 44,2, *D. garganicus, Ttaly; 2a.&, aboral,
oral, X1; 2¢, apical system, enlarged (136h).

A -~ onus

Fic. 441, Plate diagram of Hemiagster (Lovén),

Ditremaster Muoxier-CaaLmas, 18835, p, 1076
[ *Hemiaster nux Desor, 1833, p. 278; SD Cor-
Teav, 1887, p. 422]. Subglobular, with faint
frontal sinus; 2 gonopores; paired ambulacra
petaloid, posterior pair very short, about (.3 length
of antericr ones. [May be schizasterid, but lateral
fasciole not ascertained.] Eoc.-Plio., cosmop.
Fis. 443,4. *D. #ux (DEsor}, Eoc,, Fr.; 4a-c, ab-
oral, oral, post., X 1.5 (27¢}.

Hernandezaster SancHrz Rora, 1949, p. 211 [*IL
hernandezi; OD). Test lacking frontal depression,
pointed at rear, with inframarginal periproct, and
anterior Junate peristome; petals depressed: apical
system ethmophract, with 4 gonoporcs; pores of
frental ambulacrum microscopic. Oigo., Cuba.
Fic. 444,1. *H. hermandezi; la-c, aboral, adoral,
Jat., %1 (136h).

Heterolampas CotTeav, 1862, p. 198 [*H. mares:;
ONY]. Comparatively low and rounded, lacking
frontal sipus: distinct from other hemiasterids in
having all ambulacra equally peraloid; apical sys-
tem ethmophract, with 4 gonopores, T/.Crei.
{Semon. i, N.Afr, Fic. 444,3. *H. marests 3a-c,
aboral, oral, lat., X1.5: 34, apical disc, enl
(214).

Holcopneustes CorTeav, 1889, p. 33 [*Trachyaster
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Fic. 442. Hemiasteridae (p. U558-U539).
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Fic. 443. Hemiasteridae (p. U559).
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Heterolampas

Fic. 444. Hemiasteridae (p. U559, U564).
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Opissaster

Sarsiaster

Holcopneustes

Fic. 445. Hemiasteridae (p. US64-U565).
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gourdoni Corteav, 1887, p. 34; OD]. Resembling yond ends of petals, Paleoc.(Dan.)-Oligo.; Medit.-

Hemiaster but highest in front, with very ob- Madag. Fic. 445,4. *H. gourdoni (CoTTEAU),
liquely truncated rear, ethmolytic apical system, Eoc., Spain; 4a,®, aboral, lat, X1.5; 4e, apical
and fasciole which intersects ambulacra well be- disc, X4.3 (27£).

Leiopneustes

Fic. 446. Hemiasteridae (p. U565)
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Hypsopatagus Pomzr, 1869, p. xii [*Macropneustes

meneghini Desor, 1838, p. 411; OD] [=Hypso-
spatangus Cotrteau, 1890, p. 13 (nom. wvan.);
Trachypneustes Munier-CHaLMas, 1891, p. 265].
QOutline ovoid, frontal sinus gentle; apical system
ethmolytic, with 4 gonopores; frontal ambulacrum
nonpetaloid, bearing small, distant pores; petals
narrow, closed. Eoc.-Oligo., Eu.-Asia-N.Am.

H. (Hypsopatagus). Test conical, its vertex in front
of apical system. Eoc.-Oligo.; Eu.-Asia(India).

Fic. 446,2. *H. (H.) meneghini (DEsor),
Oligo., Italy; 2a-c, aboral, oral, lat, Xx0.75
(204a).

H. (Leiopneustes) CorTrau, 1885, p. 123 [*Bris-
sus  antiquus  Acassiz, 1847, p. 120; OD]
[=Stenopatagus Lamsert, 1911, p. 37 (type,
?)]. Test very much flattened. Eoc.-Oligo., Eu.-
N.Am. Fic. 446,3. *H. (L.) antiguus
(Acassiz), Eoc., Fr.; 3ab, aboral, lat, XI5
(27e).

Isopetalum Lansert, 1911, p. 188 [*Linthia pseu-
doverticale Oppenmeim, 1900, p. 107; OD]
[=Homoianthoides Lamsert, 1920, p. 162].
Small, globose test with truncated rear; apical
system unknown; 5 small petals, posterior pair
shortest; peripetalous fasciole present; probably a
hemiasterid. Oligo., Irtaly. Fie. 446,1. *I.
pseudoverticale (OppPENHEIM); Ia-d, aboral, oral,
lat., post., X1; le, aboral side, X2 (136h).

Opissaster Pomer, 1883, p. 37 [*O. polygonalis;
OD]. Outline ovoid, deep frontal sinus; deeply
depressed petals; apical system ethmolytic, with
2 to 4 gonopores. Eoc.-Plio., Medit.-India-Carib.

Fic. 445,2. *O. polygonalis, Mio., N.Afr.
(Alg.), 2a-c, aboral, oral, lat, X1 (136h).

Palhemiaster Lamsert, 1916, p. 90 [*P. peroni;
OD]. Intermediate between Hemiaster and Mac-
raster (Toxasteridae) in having incomplete peri-
petalous fasciole, developed only in rear part of
test. Crel.( Apt.-Cenoman.), N.Afr.(Alg.)-N.Am.

Fic. 445,1. *P. peroni, Alg.; la-d, aboral,

oral, lat., aboral, X1 (136h).

Sarsiaster MorTENnsEN, 1950, p. 155 [*S. griegii;
OD]. Differs from Ditremaster in having lower
test and greater length of posterior petals (about
half length of anterior ones). [Abyssal.] Rec.,
Mid.Atl. Fic. 445,3. *S. griegii; 3a, aboral,
X 1; 36, apical system, X5 (both 136h).

Vomeraster Lamsert, 1920, p. 27 [*Hemiaster
verrucosus Coquanp, 1862, p. 327; OD]. Small,
posterior beaklike, high; apical system in front
of vertex, ethmophract, with 4 gonopores; frontal
ambulacrum nonpetaloid; petals small, especially
posterior ones; plates showing unusually coarse
tuberculation and depressed sutures, which dis-
tinguish this genus from all other known hemi-
asterids. U.Cret.(Senon.), N.Afr.(Alg.)-Antarctica.

Fic. 448,2. *V. wverrucosus (Coquann), Alg.,

2a,b, aboral, lat., X 1.2 (136h).

Fic. 447. Schizasteridae (p. U576).

Faorina
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Fic. 448, Hemiasteridae (p. U559, U565, U566).

Washitaster Lamsert, 1927, p. 271 [*Hemiaster
riovistae Apxins, 1920, p. 115; OD]. Outline
ovoid, with marked frontal sinus, apical system
and vertex near posterior end; ethmophract, with
4 gonopores; frontal ambulacrum deeply sunken,
nonpetaloid; paired ambulacra petaloid, frontal
petals much longer than posterior ones; anterior
plate row in anterior petals having much smaller
pores than posterior row, which has outer pores

Echinodermata—Echinozoa—Echinoidea

developed as transverse slits; peristome anterior,
subpentagonal; periproct round, high on extended
posterior end; peripetalous fasciole multiply devel-
oped along sides, may have branches leading to-
ward periproct, which suggest beginnings of
latero-anal fasciole. [This genus points in the
direction of the Schizasteridae.] L.Cret.(Alb.),
USA(Tex.). Fic. 448,3. *W. riovistac (Ap-
xins); 3a, aboral, X1 (174): 36, lat., X1 (136h).

Family PALAEOSTOMATIDAE
Lovén, 1867

[nom. correcr. Mussner, 1904, p. 1402 (pro Palacostomata
Lovén, 1867, p. 2)] [=Leskiidae Gray, 1855, p. 63]

Differs from Hemiasteridae in possessing
pentagonal, rather than labiate, peristome,
and (among Recent members, at least), 5
triangular peristomial plates; ethmophract
to fused apical system, with 2 to 4 gono-
pores; peripetalous fasciole (Fig. 449).
Plastron protamphisternous to mesamphi-
sternous. |Recent forms neritic.] U.Cret.-
Ree.

This family appears to represent a minor
offshoot of the Hemiasteridae.

Palacostoma LovEn in A. Acassiz, 1872, p. 147
[pro Leskia Gray, 1851, p. 184 (non RoBINEAU
Desvomy, 1830)] [*Leskia mirabilis Gray, 1851,
p. 184] [=Skouraster LAMBERT, 1937, p. 89
(type, S. rochi)]. Small, ovoid, inflated; apical
system anterior, plates fused, 2 gonopores; paired
ambulacra broadly petaloid; frontal ambulacrum
nonpetaloid, pores arranged in single radial row,
distal one of each pair comma-shaped. Eoc., N.

Fic. 449, Plate diagram of Palacostoma (Lovén).
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Spatangoida—Hemiasterina

Fic. 450. Palaeostomatidae [ I-4,6 ); Pericosimidae (5) {p. US66-U565),

Afr.; Rec., IndoPac.-Red Sea. s, 450,2; 451,
1. *P. mirabile (Grav), Rec.; 450.2, part of amb.
1M1, x10 {136h); 451,1, aboral, X1 (136h).
Homoeaster Poner, 1883, p. 44 | *H. runetanns;
0OD]. Small, ovoid; apical system cthinophract,
with 4 gonopores; ambulacra nearly flush, paired
ones subpetaloid; pores in petals clongate, especially
in outer rows. U.Crer., N.ALr, Fic. 450,4. *H.
tungtanns; 4a-c, aberal. adaral, lat, X1; 4d,
apical region, calarged (136h).
Lambertiaster GauTeter, 1892, p, 28 | *L. douwillci;

OD]. Heart-shaped, posterior low; apical system
ethmophract; paired ambulacra with sunken petals,
anterior ambulacrum nonpetaloid, depressed. U,
Crer.( Senon. ), N.Afr (Tunisia)-N.Am.(Tex.).
Fie. 450,6. *L. downedlei, Tunisia; €a-c, aboral,
aral, lat,, X1 (136h).

Leiostomaster Lamsert, 1920, p. 162 [*L. genuli;
OD]. Small, inflated test with beaked posterior
and bulging plates; apical svstem anterior, ethmo-
phract, with 4 gonopores; paired ambulacra devel-
oped into short petals, fronta! ambulacrum non-
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narrow and incomplete. Eoc., Cuba. Fic. 452,

1. *P. (L.) lamberti Sincuez Roig; Iab, oral,
aboral, 0.5 (216e).

Palaeostoma

Fic. 451. Palacostomatidae (p. US66-U567).

petaloid, depressed. U.Cret.(Senon.), N.Afr.(Alg.)-
N.Am.(Tex.). Fic. 450,3. *L. genuli, Alg;
3a-d, aboral, oral, lat, post, X1 (136h).

Ornithaster Cotreau, 1886, p. 710 [*O. evaristei;
OD]. Differing from Homocaster chiefly in hav-
ing round, rather than elongate, pores in petals,
U.Cret., Medit.-Iran-Madagascar. Fic. 450.1.
*(). evaristei; la-c, aboral, oral, lat, X1 (136h).

Family PERICOSMIDAE Lambert, 1905
[Pericosmidae Lamsert, 1905, p. 153]
Peripetalous fasciole passing above peri-
proct and entirely separate marginal fasciole
passing below periproct, peripetalous fas-
ciole may branch anteriorly, and one or
other fasciole may disappear anteriorly;
apical system ethmolytic, with 3 or 4 gono-
ores; paired ambulacra having depressed
gctals which tend to have distal plates oc- Lambertona
cluded; radioles lacking. [Neritic to upper
bathyal.] Eoc.-Rec.

The Pericosmidae are probably derived
from the Hemiasteridae, by acquisition of
a marginal fasciole.

Pericosrnus L. Acassiz, 1847, p. 19 [*Micraster
(Pericosmus) latus; SD DE Lorior, 1875, p. 115]
[=Megalaster Duncan, 1877, p. 61 (type, M.
compressus, OD)]. Characters of family. Eoc.-
Rec., IndoPac,-Medit.-Carib.

P. (Pericosmus). Apex subcentral to somewhat an-
terior; petals moderately broad, straight, sub-
equal; anterior sinus moderately deep; marginal
fasciole generally complete. Eoc.-Rec., cosmop.

Fic. 450,5. *P. (P.) latus (Acassiz); 3ab,
aboral, lat., X1 (1361).

P. (Lambertona) Sincuez Rors, 1952, p. 257
[*Victoriaster lamberri Siwcuez Roic, 1924, p.
127: OD]. Large, anterior groove even deeper 2
than in P. (Victoriaster), forming marginal Victoriaster
notch extending back to peristome, petals nar-
row and deeply sunken, anterior pair much
longer than posterior, curved; marginal fasciole Fic. 452. Pericosmidae (p. U568-U569).
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sternous to holamphisternous {Fig. 453).
[Neritic to abyssal.] U.Cret.(Cenoman. )-
Ree.

The Schizasteridae most probably were
derived from the Hemiasteridae by added
development of a lateroanal fasciole. Some
specimens of the hemiasterid Washitaster

M ~ mouth

A - anus

Fic. 453, Plate diagram of Schizaster (Lovén).

P. (Victoriaster) Lanmeert, 1920, p. 27 [*Pericos-

mus gigas M'Cov, 1882, p. 15; OD]. Large;
apex anteriorly excentric; anterior ambulacrum in
deep furrow; petals narrow, decply sunken, gently
flexed: marginal fasciole incomplete. Mio., Aus-
tralia. Fic. 452,2. *P. (V.) gigas {M'Cox),
aboral, 0.5 (136h},

Family SCHIZASTERIDAE Lambert,
1905

tham. rransl, MorTENsEN, 1951, p. 204 ¢x Schizasterinag
LAMRERT in Doncieus, 1905]

Heart urchins generally characterized by
having both peripetalous and laterc-anal
fasciole (exceptions, Admphipnenstes, Pro-
raster); apical system ethmophract to eth-
molytic, bearing 2 to 4 gonopores; spines
generally uniformly coarse, but some gen-
era showing tuft of longer spines at rear
(for maintenance of sanitary canal), and a
few show definite differentiation of primary
tubercles and spines. Plastron, mesamphi-

(L.Crer.) show lateroanal branches extend-
ing from the peripetalous fasciole (Fig.

448,35}, providing a morphological link be-

tween the two families. Of special interest
are the sexually dimerphous, marsupial

genera Tripylus, Abaws, and Amphipneus-

tes,
Schizaster L. Acassiz, 1836, p. 185 [*5. siuderi;
SD ICZN Op. 209, 1948] |=Brachybrissus

PomeL, 1883, p. 37 (tvpe, Spatangus embula-
crum DEesHaves, 1831, p. 255; OD); Adplospatan-
grs Lamuert, 1907, p. 113 (type, Schizaster enry-
notus Acassiz, 1836, p. 67)]. Test high, sloping
anteriorly from posterior vertex, beaked over peri-
proct; ambulacra sunken, frontal one deeply de-
pressed; posterior petals 0.3 to 0.5 as long as an-

terior pair; apical system cthmalytic with 2 to 4

gonopores. Eoc.-Rec., cosmop.

S. (Schizaster). Apical system posterior; pores in
frontal ambulacrum arranged in single row;
gonopores 2. Eoc.-Rec., cosmop. Fig. 454,2.
*S. (8) staderi, Eoc, Fr; Za-e, aboral, oral,
lat,, X 1.5 (27€).

S. (Hypselaster) Cuark, 1917, p. 185 [*Schizaster
(Periaster} limicola A, Acassiz, {878, p. 193;
OD]. Distinguished from $. (Schizaster) by its
incomplete latero-ana! fasciole; gonopores 2. Rec.,
cosmap. Fic. 454,7. *5. (H.) lkimicola
{Acassiz); la-d, aboral, adoral, lat, post, 1
(2); Ie, apical system, ealarged (1361).

S. (Ova) Gray, 1825, p, 431 [*Spatangus canali-
Jerus Ladarck, 1816; SD 1CZN Op. 209, 1948
[non Ova Pomev, 1887, p. 7011 [=Nira Gray,
1855, p. 60]. Apical system posteriar; pores in
anterior ambulacrum  arranged in  irregularly
crowded double series; gonopores 2. Rec., Medit.

Fig. 455,1. *S. (Oea) canaliferus (La-
MarCK); Ja-c, aboral, oral, lat, X 1.5 (1).

S. (Paraster) PomEr, 1869, p. 14 |*Schizaster
gibberulus L. Acassiz, 1847, p. 128; OD]
[=Prymmnaster KogsiLer, 1514, p. 187 (wype. P
angrlatusy, Rotundaster Lamserr & THIERY,
1925, p. 526 (type, Schizaster foreatus Avassiz,
1889, p. 3503]. Resembling Periaster but having
ethmolytic  apical system with 4 genopores.
| Tropics.] Eoc.-Rec., cosmop. Fic. 456,2. *P.
gibberndns  (Acassizy, Rec; 2a, aboral, x 1.3
{136i); 26, apical system, X 10 (1361).

S. (Tripylaster) MorrExsew, 1907, p. 122 [*Tripy-
lus philippil Gray, 1851, p. 132; OD]. Apical
system subcentral, ambulacral pores as in 5.
(Schizaster). Rec., 8.5.Am. Tic. 455,2. *§.
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Schizaster 2c

Fic. 454. Schizasteridae (p. U569).
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U571

Tripylaster

Fic. 455, Schizasteridae (p. U569).

(T.) philippi 2ab, oral, lat, X1
(136i).
Abatus TroscHEL, 1851, p. 72 [*Spatangus (Tripy-
lus) cavernosus Pmiiepi, 1845, p. 435; OD]
[=Spatagodesma Acsssiz, 1898, p. 83 (type, S.
diomedae); Psendabatus Koenrer, 1911, p. 60
(type, P. nimrodi); Parabatus Koenrer, 1912
(nom. null.)]. Marsupial echinoid, much like
Tripylus, distinguished by anterolateral petals

(GRAY);

which reach peripetalous fasciole and by loss of
lateroanal fasciole in adults. ?Paleoc.(Dan.),
Madag.; Rec., Antarctic. Fic. 457,2. *A. caver-
nosus  (PuiLippr), Rec., Antarctic; 2a,b, aboral
with spines, 9@ with young; 26, & without
spines; 2¢, oraly all X 1.5 (2). '

Agassizia Acassiz & Desor, 1847, p. 20 [rom.
correct. pro Agassisia VALENCIENNES in Du PeTit-
Trouars, 1846, pl. 1 (incorrect orig. spelling)]
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Fic. 456. Schizasteridae (p. U569, U576).
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[*A. scrobiculata; OD]. Egg-shaped, with ethmo-
lytic apical system showing 4 gonopores and fused
genital plates; frontal ambulacrum flush, petals
slightly sunken and curiously modified; in anterior
petals anterior plate row bearing tiny tube feet
which emerge through microscopic pores, whereas
pores of posterior plate row are normally devel-
oped; posterior petals much shorter and may be

T WU
=E

Agassizia

2b — Abatus

U573

normal or similarly modified. Eoc.-Rec., N.Am.-
Eu.(Medit.) -Asia(Persian Gulf).

A. (Agassizia). Anterior plates of anterolateral pet-
als reduced in size, their pores microscopic through-
out; posterior petals normal or similarly modi-
fied. Eoc.-Rec., N.Am.-Medit.-Persian Gulf.
Fic. 457,1. *A4. (A.) scrobiculata, Rec., Medit;
la,b, aboral, lat, X1 (1); Ic, apical system,

Fic. 457. Schizasteridae (p. U571, U573, U575).
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w2
¥ Hemigymnia

e .

Linthia

Diploporaste

Brisaster

Fic. 458. Schizasteridae (p. U575-U576).
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Hemifaorina

Faorina

U575

Fic. 459. Schizasteridae (p. U576).

% 10; 1d, detail of anterolateral petal, X 10 (lc,d,
1361).
A. (Anisaster) Pomer, 1886, p. 610 [*Agassizia
gibberula Correau, 1876, p. 193; SD CorTEAU,
1887, p. 38l] [=Eeagassizia GRaNT & HERT-
LEIN, 1938, p. 115 (type, E. alta)]. Anterior
plates of anterolateral petals only slightly reduced
in size or not at all, pores in this plate row partly
normal, partly microscopic. Eoc.-Oligo., N.Am.-
Medit.

Amphipneustes Koenrer, 1900, p. 815 [*4. lorioli;
OD)] [=dAuntipneustes KorHLER, 1926, p. 69
(nom. wvan.)]. Sexually dimorphous and mar-
supial, like Abatus and Tripylus; differs by having

paired pores in anterior ambulacrum, and in Jack-
ing all fascioles. Rec., Antarctic.

Brisaster Gray, 1855, p. 61 [*Brissus fragilis
Dueen & Korew, 1844, p. 280; OD] [=Lvman-
aster Lamserr, 1920, p. 162 (type, Schizaster
townsendi A. Acassiz, 1898, p. 82; OD] [=Indi-
aster LamserT, 1920, p. 27 (type, Brisaster indi-
cus Koenrer, 1914, p. 201)]. Resembling Sec/iz-
aster but with only 3 gonopores, lower test, and
deep anterior sinus which continues into sunken
peristomial region; lateroanal fasciole may be
reduced or lost in adults, Oligo.-Rec., cosmop.
Fic. 458,4. *B. fragilis (DUBeN & Koren), Rec.;
aboral, X1 (136i).
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Diploporaster MorTEvseN, 1950, p. 160 [*D. bar-
batus; OD). Ethmolytic, with 4 gonopores; re-
sembling Paraster but with more rounded posterior
end and pores of frontal ambulacrum arranged in
irrcgular double series. Rec., Red Sea-Ind.O.
Fic. 458,5a. *D. barbatus; aboral, X1 (136i).

Fig, 458,56. D. savignyt (Fourtav}; detail
of ant. amb, enl. (1361).

Faorina Gray, 1851, p. 132 [*F. ckinensis; O]
[=Atrapns TroscHEL, 1851, p. 72; Sinaechinus
Havasaxa, 1948, p. 93 (wype, S. kawaguchi)].
Test spheroidal, with deeply sunken ambulacra;
apical svstem ethmolytic, with 3 gonopores: peri-
petalous fasciole well developed, double in front,
with lateroanal branches. Rec., W.Pac.-IndO.
Fic. 447,1. F. kawaguchii Havasaxa, Rec., Bay
of Tonkin; Zg¢-¢, aboral, oral, post.. X1 (197).

Fic. 459,1. *F. chinensis; la-c, aboral, aral,
lat, ®1 (1361). [==Favorina Grav, 1885, p. 57
{rom. null, }.]

Hemifzorina JEannNeT & MarTiv, 1937, p. 289
| *Hemiaster tuber Herkvots, 1854, p. 15; OD],
Test heart-shaped, with faint frontal notch; an-
terior ambulacrum bread and depressed, anterior
paired petals depressed and longer than posterior
ones; peripetalous fasciole and incemplete lateral
fasciole; otherwise poorly known, UM, Java.

Fic. 439,2. *H. tuber (Hergvrors); aboral,
1 (91).

Hemigymnia Arnaup, 1898, p. 118 [*H. arurica;
OD]. Ovoid, with deep frontal sinus; apical sys-
tem central, ethmophract, with 3 gonopores; petals
very short, sunken, with slit-shaped pores. Paleoc,
(Dan.}, Fr. Fic. 458,2. *H. agiurica; aboral,
X 1.5 (1361).

Linthia Desor, 1853, p. 278 [*L. insignis; OD]
[=Escheriu Drsor, 1853, p. 143, won Escheria
Heer, 1847]. Rounded to broadly heart-shaped,
with depressed frontal amhulacrum forming frontal
sinus; apical system ethmolytic, with 4 gono-
pores; peripetalous fasciole deeply embayed be-
tween petals. U.Cret.(Senon.)-Plio., cosmop.

L. (Linthia). Apical system central to anterior,
periproct  vertically  clongate.  U.Crer.(Senon.}-
Pliv., costop. Fic, 458.3a. *I.. (L.} insignis,
Eoc., Switz.; aboral, X0.7 (44). TG, 458,36,
L. (L.) sndanensis (BatnER), Eoc., Afr.; apical
system, enl, (136i).

L. (Lutetiaster) Lamsert, 1920, p. 27 [*Spatan-
gus subglobosus Lamarck, 1816, p. 33; OD].
Periproct transversely elongate, apical system cen-
tral to slightly posterior. Eoc.-Mio., Medit.
Fic. 458,1. *L. (L.) subglobosa (LaMarcR),
Foc,, Tr.; la-d, aboral, oral, lar, post, X1; le,
apical system, enl. (27e).

Moira A, Acassiz, 1872, p. 146 [ pro Moera MicHE-
LN, 1855, p. 246 (non LeacH, 1814; nec HilanEr,
1918; nec Avawms, 1851)] [*Spatangus atropos
Lamarck, 1816, p. 32; SD) nom. conserv. JCUN
Op. 209, 1948]. Distinguished from Schizaster by
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deeply sunken nature of its petals. Eoc.-Rec,, N.

Am.-Pac.

M. (Moira). Petals almost closed by their aver-
hanging sides. Eoc.-Rec., N.Am, Fic. 436,3.
*M. atropos (Lamarck), Rec.; 3a, uboral, X1.5
(44); 3b-e, aboral, oral, lat., post., X 1.5 (24}.

M. (Moiropsis} A. Acassiz, 1881, p. 205 (*Schiz-
aster claudicans A. Acassiz, 1879, p. 21; OD].
Pectais more open, not so nverhung by their sides.
Mio.-Rec., W Pac.

Parabrissus  Brirwer, 1880, p. 59 [*P. psenda-
prenaster; QD). Resembling Prenaster in aval
shape, anterior position of apical system, which
is ethmolytic, with 4 gonopores, and in transverse
arientaticn  of anterolateral petals; resembling
Agassizia in having anterior plates of anterolat-
eral petals reduced in size, and their pores almost
eliminated. Latero-anal fasciole not reported. Eoc.,
Alps. Fis. 456,1. *P. pseudoprenaster; la-c,
aboral, oral, lar., 3 1.5; 1d, detail of anterolateral
petal (all 1361).

Periaster 0'OrBIGNY, 18533, p. 269 [*Spatungns ela-
tes DesatouLins, 1837, p. 406; 5D Lamsert, 1918,
p. 8]. High-crowned test; petals sunken, posterior
pair short; apical system cthmophract, with 4
gonopores. U.Cret. (Cenoman.)-Eoe., Medit.
Fic. 460,2. *P. elatus (DEsmouLins), Senon., Fr.;
2a-d, aboral, oral, lat, post., X1.5 (142); Ze,
apical system, X 10 {136i).

Peribrissus PomEL, 1869, p. xiii [*P. seheliensis;
OD]. Resembling Prenasrer in ovoid outline and
antericr, ethmolytic, 4-pored apical system; differ-
ing in flatter shapc and deep frontal sinns; an-
terior petals distinctly longer than posterior ones;
caarse tubercles along edges of frontal sinus. Mia.,
Medit. Fic. 460,3. *P. saheliensis; aboral,
X 0.8 {1361},

Prenaster Desor, 1853, p. 279 [*P. alpinus; OD].
Test ovoidally inflated, apical system central to
anterior, frontal sinus faint or absent; apical sys-
tem  ethroolytic, with 4 gonopores. Eec.-Rec.,
casmop.

P. (Prenaster). Apical system far forward; petals
depressed, posterior paired petals {onger than an-
terior ones; peripetalous fasciole extending onto
oral side in anwrior part of test. Eoc., cosmop.

Fre, 461,1. *P. (P.) wipinus, Foc., Alps;
la-¢, aboral, lat, post., X 1.5 (44).

P. (Protenaster) Pomry, 1883, p. 36 [pro Desoria
Gray, 1851, p. 132 (rem NwcorrLer, 1942)]
[*Desoria ausgralis Gray, 1851, p. 133; OD].
Apical system central or anterior; petals nearly
equal in length, or posterior pair shorter than
anterior; peripetalous fasciole not drawn down
onto oral side of test. Rec., 8.Pac. Fic. 461,2.
*P(P.) australis (Grav); 2a-¢, aboral, oral, lat,,
x 1 (1;.

P. {(Saviniaster) LamserT, 1911, p. 33 [*S. mign-
efis OD]. Resembling P. (Prenaster), but peals
narrower and flush. Eoc., Eu.(Fr.).
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Peribrissus

Fic. 460. Schizasteridae (p. U576, U578).



Prenaster
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Protenaster

Fic. 461, Schizasteridae (p. U576).

Proraster LamBerT, 1895, p. 256 [*Schizaster ata-
vus Arnaup in Cotreau, 1883, p. 13] [=San-
filippaster Curcchia-Rispory, 1932, p. 313 (type,
Proraster geayi Correau, 1908, p. 26)]. Much
like Paraster, with 4-pored ethmolytic apical sys-
tem, distinguished by very deeply sunken anterior
ambulacrum and by lacking lateroanal fasciole.
U.Cret.(Cenoman.-Senon.), cosmop. Fic. 460,
1. *P. atavus (ArNauD); la-c, aboral, oral, lat.,
* 1 (1361).

Pseudobrissus Lamsert, 1905, p. 155 [*Brissus
corsicus CorTEAU, 1877, p. 325; OD]. Large,
ovoid, with slight frontal sinus; petals very long
and narrow, deeply depressed, anterolateral ones
oriented transversely; apical system undescribed.
Mio., Corsica. Fic. 462,3. *P. corsicus (Cot-
TEAU); oral, X0.75 (21c).

Schizopneustes Traifry, 1907, p. 64 [pro Dipneustes
Arnaup, 1891, p. 152 (non Hoernes, 1866)]
[*Dipneustes aturicus Arnaup in Correav, 1891,
1893, p. 152; OD]. Broadly heart-shaped, with
deeply depressed frontal ambulacrum and sinus,
and overhanging rear; anterior petals well devel-
oped, posterior ones small and rudimentary;
structure of apical system uncertain. Paleoc.(Dan.),
SW.Fr. Fi. 462,1. *S. aturicus (ARNAUD);
la,b, aboral, lat., 0.8 (1361).

Tripylus PriLierr, 1845, p. 344 [*T. excavatus;
OD] [=Hamaxitus TroscHEL, 1851, p. 72 (obj.);

Parapneustes KoenrLer, 1912, p. 161 (type, P.
cordatus)]. Marsupial and sexually dimorphous;
ethmolytic, with 2 or 3 gonopores; paired ambula-
cra petaloid, sunken, anterior pair or both pairs
deeply depressed in females to form marsupia;
frontal ambulacrum subpetaloid; anterolateral
petals not reaching peripetalous fasciole. Ree.,
Antarctic-Tierra del Fuego. Fic, 462,2. *T.
excavatus; aboral, partly with spines, X1.5 (1).

Family AEROPSIDAE Lambert, 1896

[nem. correct. Aeropsidae CLark, 1917, p. 133 (pro Acropi-
dae Lameert, 1896)]

Aberrant spatangoids, convergent toward
Pourtalesia in tendency to vase or bottle
shape; apical system ethmophract to eth-
molytic, gonopores 2 to 4; lacking primary
spines, having peripetalous fasciole; dis-
tinguished above all by specialization of
frontal ambulacrum for respiration, with
petaloid structure and extraordinarily large
tube feet, while paired ambulacra are sub-
petaloid. | Bathyal-abyssal.] Rec.

No fossils can be referred to this family
with any degree of certainty. Derivation of
the aeropsids remains in doubt, but may be
from the Hemiasteridae.
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Aeropsis MorTensEN, 1907, p. 90 [pro Aerope with 2 to 4 gonopores; anterior ambulacrum broad,
JerErEYs, 1876, p. 212, 380 (non Leach, 1813; with large, obliquely placed pore-pairs; paired

nec AvBERs, 1860)] [*Aerope rostrata WyVILLE ambulacra nonpetaloid; peripetalous fasciole de-
Tuomson, 1877, p. 380; OD]. Shape cylindroid; veloped in frontal part of test. Rec., cosmop.
apical system ethmophract, somewhat anterior, Fi. 463,1. *A. rostrata (WyviLLE THOMSON);

Pseudobrissus 3
Fic. 462. Schizasteridae (p. U578).
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Aeropsis

Fic. 463. Aeropsidae (p. U578-U579),

la-c, aboral, oral, lat., X1 (2); Id, detail of
apical region (136h).

Aceste WyviLLeE THowmson, 1877, p. 376 [*4. belli-
difera; OD] [=Acestina LamBerT & Thifry, 1924,
p. 432 ( mom. wan.)]. Shape oval, with deep
frontal sinus; apical system posterior, ethmolytic,
with 2 gonopores; frontal ambulacrum very large,
deeply sunken on oral and apical sides, bearing
large pores for giant, flower-like tube feet; paired
ambulacra nonpetaloid, bearing small pores which
are paired only in anterior rows of anterolateral
ambulacra. [Bathyal.] Rec., cosmop. Fic. 464,
1. *A4. bellidifera, %1.3; la, aboral with spines
and tube feet, X2; Ib-e, aboral, oral, lat., post.,
X1 (2); 1f, apical system, X 27 (136h).

Suborder MICRASTERINA
A. G. Fischer, new suborder

[=Prymnodesmia Iuncan, 1889]

Petaloid spatangoids with subanal fasciole

(absent in some members of Loveniidae),
which may be combined with peripetalous
or internal fasciole. Primary spines devel-
oped except in Micrasteridae. Crer.( Ceno-
man.)-Ree.

Family MICRASTERIDAE Lambert,
1920

[nom. transi. MorTENSEN, 1950, p. 362 (ex Micrasterinae
LamperT, 1920, p. 16)]

Heart-shaped spatangoids, with ethmo-
phract to transitional apical systems bear-
ing 3 or 4 gonopores; subanal fascioles; no
primary tubercles or corresponding spines.
Plastron mesamphisternous. U.Cret.{ Ceno-
man.)-Eoc., cosmop.

The micrasterids are derived from the
toxasterids, by development of a subanal
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U581

Fic, 464. Aeropsidae (p. U580).

fasciole (Fig. 465). Isomicraster may be a

connecting link.

Micraster L. Acassiz, 1836, p. 184 [*Spatangus

coranguinum LEeske, 1778, p. 221] [=Pycnaster

PomEer, 1883, p. 42 (obj.)]. Test heart-shaped,

rostrate; 4 gonopores; paired petals broad, with

round or elongate conjugate pores. U.Cret.(Ceno-
man.)-Paleoc.( Dan.), Eu.-Madag.-Cuba.

M. (Micraster). Anterior ambulacrum narrow,
pores round and not conjugate; paired petals
broad, with round to elongate, conjugate pores,
U. Cret. (Cenoman.-Senon.), Eu.-Medit.-Madag.-
Cuba. Fic. 467,2. *M. (M.) coranguinum
(Leske), Santon., Eng.; 2a-d, aboral, oral, lat.,
post, X 1; 2e, apical system, enlarged (173).

M. (Gibbaster) Gaurtnier, 1887, p. 381 [*M. (G.)
fastigarus; OD]. Anterior ambulacrum like paired
ones, which resemble those of M. (Micraster). U.
Cret.(Santon.)-Paleoc.(Dan.), Eu. Fic. 467,1.
*M. (G.) fastigatus; la-c, aboral, oral, lat, X1
(136h).

Brissopneustes Cotreau, 1887, p. 712 [*B. vilano-
vae; OD]. Distinguished from Micraster by its 3

gonopores and weak frontal sinus; pores in frontal
ambulacrum small. [At least one species (B. dani-

cus, Danian, Denmark) shows the sexual di-
morphism (depressed ambulacral areas in females)
distinctive of marsupial spatangoids.] U.Cret.
(Maastricht.)-Eoc., Eu.-India-Madag. Fic. 468,
1. *B. vilanovae; U.Cret., Eu.; Ia-c, aboral, oral,
lat.,, X1 (136h).

Isopneustes PomEL, 1883, p. 43 [*Cyclaster bourgeo-
isi Correau, 1869, p. 328; OD]. Diflers from
Micraster in slight anterior sinus, which does not
extend to margin; presence of subanal fasciole not
established in type-species, hence assignment to
Micrasteridae tentative. U.Cret.( Turon.)-Eoe., Eu,

Fic. 468,3. I. subguadratus (Desor), Eoc.,
Italy; 3a,b, aboral, oral, X1 (136h).

Ovulaster Corteau, 1884, p. 328 [*0. gauthieri;
OD]. Text ovoid, with frontal sinus; apical sys-
tem ethmophract, with 4 gonopores; ambulacra not
distinctly petaloid, pores small, especially in an-
terior ambulacrum; subanal fasciole; periproct
placed high on truncate rear. Sternum symmetrical.
U.Cret., Medit. Fre. 468,2a-c. *0. gauthieri;
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Fic. 465. Plate diagram of Micraster {(Lovén).

2a-c, aboral, oral, lat, X1 (1361). Frc. 467,
2d. O. auberti, apical system, enl. (136h).

Family BRISSIDAE Gray, 1855

[#nom. transi. Lambert, 1901, p, 969 (ex Brissina Grav,

1855, p. 49)] [incl. Unifasciidac Cooxf, 1959, p. 7%; Cyclas-
teridie Postavskava, 1965]

Heart urchins typically provided with
both peripetalous and subanal fascioles, lat-
ter with anal branches in some; apical sys-
tem ethmophract to ethmolytic, with 2 to 4
gonopores; spine cover normaily including
large radioles, generally located within fas-
ciole-enclosed areas. Plastron  ultramphi-
sternous. [Neritic to bathyal.] U.Cres.{San-
ton.)-Rec.

The brissids seem to have been derived
from the Micrasteridae by additon of a
peripetalous fasciole, development of pri-
mary tubercles, and eventually of an eth-
molytic apical system (Fig. 466), This is
suggested in particular by the Micraster-like

Echinodermata—Echinozoa—Echinoidea

nature of some of the primitive brissids,
such as Plesiaster.

Contrary to common usage a number of
genera lacking the typical brissid fascioles
have been included here, because their other
characters indicate close relationship to
typical brissid genera. These forms, which
have lost one or both fascioles, are Mauri-
tanaster, Unifascia, Macropneustes, and
Stomaporus, and these form a bridge to
some of the asterostomatids.

Brissus Grav, 1825, p. 431 [nom. conserv. ICEZN,
1948 (Op. 209, p. 369} (non MiuLER, 1781, nec
Mopeer, 1793, mec Link, 1807, mec Oxew, 1813,
nec Danr, 1823)] [*Spatangus brissus wunicolor
Leske, 1778, p. 248; SD ICZN, Op. 209, 1948)
[=Bryssus Martens, 1869, p. 128 {nom. van.)
(abj.); Brissus ( Alobrissusj MorTENsEN, 1950, p.
162 (type, Brissus agassizii DOpERLEIN, 1835, p.
36: Sandiegoaster Siwchiz Rois, 1952, p. 12
{type, 8. durkami; OD)). Test ovoid, lacking

frontal sinus; apex anterior, apical system ethmoly-
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Fic. 466. Plate diagram of Brissus {Lovén),
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tic, with 4 gonopores; petals sunken, anterior pair
transversely oriented: subanal fasciole broad, with
lateral lobes. Eoc.-Rec., cosmop; Fic. 469,1.
*B. unicolor (LEskE), Rec., Cuba: la-d, aboral,
oral, lat., post,, X3 (24).

Aguayoaster SAvcuez Roig, 1952, p. 10 [*d.
agnayoi; OD]. Small, inflated, forwardly in-
clined; gentle anterior sinus; apical system far
anterior, ethmolytic, gonopores 4; differs from
Cionobrissus in having depressed petals, and a

raised, rostrate posterior ambulacrum, and in
lacking an anal snout and a deeply depressed
anterior ambulacrum on oral side. Eoc., Cuba.
Fic. 470,3. *A. aguayoi, 3a-c, aboral, oral, lat.,
x 0.5 (216d).

Anabrissus  MorteNsEN, 1950, p. 161 [*Brissus
damesi A. Acassiz, 1881, p. 197; OD]. Small,
oval, lacking frontal sinus; ambulacra flush, paired
ones petaloid; apical system ethmolytic, with 3
gonopores; peripetalous fasciole rudimentary. Ree.,
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Fic. 468. Micrasteridae (p. U5S81).

trop, Atl. Fic, 471,2. *A. damesi (Acassiz);
2a-c, aboral, oral, lat.,, X3; 2d, apical system, en-
larged (1361).

Anametalia MorTensen, 1950, p. 161 [*Brissus
sternaloides Borau, 1874, p. 177; OD]. Re-
sembling Cionobrissus but frontal sinus weak,
slight depression running from this to peristome;
anal fasciole rudimentary. Rec., Indonesia. Fic.
469,2. *4. sternaloides (Borau); 2a-c, aboral,
oral, lat,, X 1.5 (136i).

Arcaechinus Kier, 1957, p. 891 [*A. auraduensis;
OD]. Differs from Brissus mainly in having 3
gonopores (genital 2 being imperforate), long
labrum and long, narrow sternum. L.Eoe., Afr.
(Somaliland). Fic. 470,1. *A. awraduensis;
Ia,b, aboral, post., X1 (94).

Brissopatagus CorTeAu, 1863, p. 143 [*B. caumonti;
OD] [=Brissospatangus CorTEAU, 1886 (mom.
van.)]. Diflers from Eupatagus in having large
depressions in front of anterior petals or in front
of all petals. Eoc., cosmop. Fic. 470,2. *B.
caumonti, Fr.; 2a-c, aboral, oral, lat,, X1 (27e).
[ =Brissospatagus Acassiz, 1874, p. 174 (nom.
van.).]

Brissopsis L. Acassiz in Acassiz & Desor, 1847, p.
14 [*Brissus lyrifer Forses, 1841, p. 187; SD
Desor, 1858, p. 378] [=Brissopsis Acassiz, 1840,
p. 13 (nom. nud.); Kleinia Gray, 1851, p. 133
(type, K. luzonica); Toxobrissus DEsor, 1858, p.
399 (type, Brissopsis elegans Acassiz, 1847, p.
184): Brissoma PomeL, 1888, p. 41 (type, Brissop-

sis clucier Wxicur, 1855, p. 37); Zeugaster Lam-
serT, 1907, p. 106 (type, Brissopsis lamberti
Gautmier, 1900, p. 42)]. Ovate, somewhat de-
pressed, with slight frontal sinus; ethmolytic, gono-
pores 2 to 4; ambulacra slightly depressed; paired
ones petaloid, may have rudimentary pores in
proximal plates; petals confluent in some species
(“Kleinia”); subanal fasciole may be lost in
adults. Eoc.-Rec., cosmop. Fic. 471,1a-c. *B.
lyrifera (Fomrpes), Rec., Gulf Mex., Ja,b, aboral,
lat.,, X1; le, oral (part, showing periproct and
subanal fasciole), enl. (175b). Fic, 471,1d.
B. luzonica, Gray, Rec., Red Sea; detail of petals,
enl. (1361). Fic. 472,1a-d. B. pacifica Acassiz,
Rec., Pac.; la-d, apical system showing gradual
reduction of genital pore in interamb 3, X7.5
(1361). [=Bryssopsis MeissNer, 1903, p. 1343
(nom. van.) (obj.); Toxobryssus MgeissNer, 1903,
p. 1395 (nem. wan.); Brissospatagus Acassiz,
1874 (nom. van.).]

Cionobrissus A. Acassiz, 1879, p. 206 [*C. revinc-
tus; OD]. Ovally elongate, inflated, with deep
frontal sinus; periproct above posterior snout;
apical system anterior, ethmolytic, with 4 gono-
pores; anterior ambulacrum flush on apical side,
slightly depressed at ambitus, deeply depressed on
oral side; petals depressed. Eoc.-Rec., Iran-SW.
Pac. Fic. 472,2. *C. revinctus, Rec., SW.Pac.;
2a,b, frontal amb., apical system, X5 (136i);
2¢-e, oral, lat., post, X1 (2). [=Cionobryssus
Messner, 1903, p. 1343 (nom. van.) (obj.).]




Euechinoidea—Atelostomata—Spatangoida—DMicrasterina U585

Anametalia

Fic. 469. Brissidae (p. U582-U584).
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Fic. 470. Brissidae (p. U583-U584).

Cyclaster Correau, 1856, p. 345 [*C. declivus;
OD]. Resembling Brissopsis, but ethmophract,
with 3 gonopores. U.Crer.(Senon.)-Rec., cosmop.

Fic, 473,1a-d. *C. declivus, Eoc., Fr.; la-d,
aboral, oral, lat, post., X1 (27e). Fic. 473,1e.
C. recens MorTENSEN, Rec., Indochina; apical sys-
tem, X6 (1361).

Diplodetus ScuLtTer, 1900, p. 364 [*D. brevistella;
OD]. Similar to Plesiaster but frontal sinus weak
and frontal ambulacrum with obliquely placed
pores; ethmophract, with 4 gonopores; petals

small, U.Cret.(Santon.)-Eoc., Eu.-Afr.(Madag.).
D. (Diplodetus). Apical system near center; an-
terior petals longest; rear of test rostrate; sub-
anal fasciole not ascertained. U.Cret.(Santon.)-

Eoc., Eu.-Afr.(Madag.). Fic. 473,3. *D. (D.)
brevistella, U.Cret.(Santon.), Eu.; 3a-c, aboral,
oral, lat,, X0.7 (218).

D. (Protobrissus) Lamserr, 1907, p. 719 [*P.
mortenseni; OD]. Small, petals subequal, anterior
pair diverging laterally from anteriorly placed
apex. U. Cret.(Senon.)-Paleoc.(Dan.), Eu. (Fr.)-
Afr.(Madag.). Fic. 473,2. *D. (P.) morten-
seni LamperT, Paleoc.(Dan.), Fr.; 2ae-c, aboral,
oral, lat.,, X 1.5 (106).

Eupatagus L. Acassiz, 1847, p. 9 [*E. valenciennesi;
SD PomeL, 1883, p. 28] [=Psendopatagus PoMEL,
1885, p. 18 (type, P. eruciatus; OD); Melitia

Fourtau, 1913, p. 68 (type, Metalia melitensis
Grecory, 1891, p. 621); Heterospatangus Four-
AU, 1905, p. 606 (type, Macropneusies lefeburer
DeLorior, 1881, p. 50); Euspatangus CoOTTEAU,
1869, p. 257 (nom. van.); Perispatangus FourTau,
1905, p. 605 (type, Euspatangus libyeus pE LorioL,
1881, p. 52); Koilospatangus Lamsert, 1906,
p. 185 (obj.); Zanolettiaster Sincuez Roig, 1952,
p. 14 (type, Z. herrerac; OD); Megapatagus
Sincuez Roig, 1933, p. 58 (type, M. franciscanus;
OD)]. Test ovoid in outline, low, oral side flat;
apical system anterior, ethmolytic, with 4 gono-
pores; paired ambulacra with closed petals; frontal
ambulacrum nonpetaloid, pores in single series,
phyllodes weak; primary tubercles on aboral side
only within peripetalous fasciole. Eoc.-Ree.,
cosmop.

E. (Eupatagus). Ambitus rounded, frontal sinus
weak or absent. Eoc.-Rec., cosmop. Fic. 474,
4: 475,1. *E. wvalenciennesi, Rec., Australia;
474,4a,b, aboral, oral views of specimen with
spines, X 1.5 (2); 474,4c, apical system, X3
(1361); 475,la-c, aboral, oral, lat, bare test,
% 0.9 (Fischer, n).

E. (Gymnopatagus) DoperLEIN, 1901, p. 23 [*G.
valdiviae; OD]. Differing from Eupatagus in its
deeper frontal sinus (heart-shaped outline) and
sharper ambitus; many species are intermediate.
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Fic. 472. Brissidae (p. U584).

Eoc.-Rec., cosmop.: Fic. 477,2. *G. valdiviae,
Rec., Afr.; 2a,b, aboral, oral, X1.5 (187).

Fernandezaster SiNcHez Roig, 1952, p. 17 [*F.
mortenseni; OD). Outline hexagonal with frontal
sinus; vaulted aboral side divided into 5 separate
lobes by sunken petals and less depressed anterior
ambulacrum; posterolateral petals confluent proxi-
mally, occupying single median groove, from
which distal parts of petals diverge at 45 degrees;
with peripetalous and subanal fascioles. [Close to
the Brissopsis luzonica or “Kleinia” group of
species.]. Eoc., Cuba. Fic. 476,2. *F. mor-
tensent; aboral, 0.5 (216d).

Fourtaunia Lamsert, 1902, p. 53 [*Hypsospatan-
gus santamariae GautHIER in Fourtau, 1900, p.
56; OD]. Resembling Eupatagus but with open
petals and reniform subanal fasciole. Eoc.-Oligo.,
N.Afr. Fic. 473,4. *F. santamarige (GAUTH-
1er), Eoc., N.Afr.; 4a,b, aboral, lat, X1 (136i).
Gillechinus Ferr, 1964, p. 213 [*G. cudmorei;
OD]. Resembling Ewupatagus and Plagiobrissus,
differing from Eupatagus in its rather open petals
and restriction of large tubercles to areas in

front of paired petals, from Plagiobrissus in lack
of anal fasciole and reniform subanal fasciole,
and from both in nearly circular outline and cen-
tral position of apical system. U.Eoc., Australia.
Fic. 476,1. *G. cudmorei; la-c, aboral, oral,

lat., X1 (59).

Gualtieria Acassiz, 1847, p. 10 [*G. orbignyana;

OD] [=Gualteria Acassiz, 1872 (nom. null.);

Gualtiera QuensTepT, 1874 (nom. null.); Gaul-

tieria Grecory, 1900 (nom. null.)]. Outline ovoid,

with only trace of frontal sinus; frontal ambula-
crum apetaloid, paired ambulacra with petals ex-
tending beyond peripetalous fasciole; apical sys-
tem ethmolytic, with 4 gonopores. Eoc.-Mio., Eu.-

N.Afr.-Australia.

G. (Gualtieria). Oral side bearing ridges and nodes
on ambulacra, near peristome on frontal inter-
ambulacra and on posterior interambulacrum;
frontal ambulacrum slightly depressed. Eoc.-
Oligo., Eu.-N.Afr. Fic. 474,1. *G. (G.)
orbignyana, Eoc., Fr.; la-c, aboral, oral, post,
1.5 (44).

G. (Blaviaster) Lamsert, 1920, p. 26 [pro Tem-
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Granobrissoides

Fic. 474, Brissidae (p. U586, U588, U591).
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naster Lamsert, 1912, p. 105 (mom VERRILL,
1894)] [*Temnaster grossouvrei LAMBERT, 1912,
p. 63; OD]. Lacking nodes and ridges on oral
side. Eec., Fr.

G. (Granobrissoides) Lamsert, 1920, p, 26
[*Gaultieria australiae Corrteavu, 1889; OD].
Frontal ambulacrum flush; tips of petals crossing
peripetalous fasciole only slightly; oral side un-
known. Mio., Australia. Fic. 474,2. *G. (G.)
australize CorTEAU; 24, aboral, X1; 2b, petal,
enl. (136i).

Herreraster Sancuez Roig, 1951, p. 52 [*H. her-
rerae; OD]. Resembles Fourtaunia in heart shape
and long, open petals, but differs in having
broader petals, lacking anterior sinus, and having
small submarginal periproct. [Obscure fascioles
and open petals suggest that this genus forms
bridge to certain asterostomatids such as Ansill-
aster.] Oligo., Cuba. Fic. 478,1. *H. herrerae;
la,b, oral, aboral, X 0.3 (216¢c).

Hikelaster Lamsert & Trifry, 1920, p. 27 [pro
Troschelia Duncan & Svrapew, 1883, p. 27 (non
MoercH, 1876)] [*Troschelia tuberculata Dun-
caN & SLapEN, 1883, p. 27; OD]. Differing from
Eupatagus in its sharply defined, depressed frontal
ambulacrum, sunken petals with tiny pores in
apical plates but large round pores distally, and
presence of large primary tubercles outside of (as
well as within) peripetalous fasciole. Mio., India.

Fie. 474,3. *H. tuberculatus (DuNecan &
SLaDEN); 3a,b, aboral, oral, X1 (47).

Idiobryssus Crark, 1939, p. 173 [*I. coelus; OD].
Test ovate, with oral side convex and apical side
saddle-shaped; no frontal sinus; paired ambulacra
weakly petaloid; peristome central, periproct on
apical side; peripetalous and subanal fascioles
present; adults unknown. [Juveniles, possibly mal-
formed.] Rec., Pac.O. Fic. 477,1. *I. coelus;
la,b, aboral, lat., X3 (181).

Lajanaster Sincuez Rois, 1926, p. 100 [*L. jack-
soni; OD] [=Lajanaster LAMBERT & SANCHEZ
Roic, 1924 (nom. nud.)]. Eupatagus-like, rather
flat, with narrow slightly depressed petals and
narrow sternum; primary aboral tubercles occur
in narrow zones at anterior margin of paired
petals. Oligo.-Mio., Cuba., Fic. 478,3. *L. jack-
soni, Oligo.; 3a,b, aboral, oral, X0.5 (216b).

Lissospatangus MorTensen, 1950, p. 162 [*L. hir-
sutus; OD), Differing from Ewupatagus in absence
of primary tubercles on apical side. Rec., Au-
stralia. Fic. 477,3. *L. hirsutus; 3ab, aboral,
oral, X1 (136i).

Macropneustes L. Acassiz, 1847, p. 8§ [*M. de-
shayesi; SD Jackson, 1922, p. 4]. Differs from
Eupatagus chiefly in having depressed petals, and
broad test; frontal sinus distinct. Eoc.-Rec., cos-
mop. [=Plagiopnenstes Fourrav, 1905, p. 609
(type, M. erassus Acassiz).]

M. (Macropneustes). Petals large, ambitus rounded;
peripetalous  fasciole not forming embayments

U591

Fi6. 475. Brissidae (p. U586).

between petals. Eoc.-Rec., Medit.-Carib. Fia.
479,1. *M. (M.) deshayesi, Eoc., Fr.; la-d, aboral,
oral, lat., post., X1 (27¢).

M. (Deakia) Pavay, 1875, p. 304 [*Decakia ro-
tundata; OD]. Test depressed, ambitus sharp,
petals small, fasciole embayed. Foc., Eu.-India.
Fic. 480,1. *M. (D.) rotundata (Pavay),
Hungary; Iab, aboral, oral, X1 (1361).
Mariania Aracui, 1901, p. 211 [*Macropneustes
marmorae Acassiz, 1847, p. 326; OD] [=dAir-
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Fernandezaster

Fic. 476, Brissidae (p. U588).

aghia Lamsert, 1910, p. 3 (nom. van.)]. Test
broad, heart-shaped, with frontal sinus; apical sys-
tem ethmolytic, with 4 gonopores; paired ambula-
cra forming broad petals; frontal ambulacrum non-
petaloid, with pore-pairs placed obliquely; no
fascioles. Oligo.-Mio., S.Eu. Fic. 480,2. *M.
marmorae (Acassiz), Mio,, Corsica; 2a,b, aboral,
lat, X1 (21c).

Mauritanaster Lamsert, 1920, p. 22 [*M. gentili;
OD]. Essentially a small Macropneusies lacking
both fascioles. Tert., Morocco. Fic. 481,1. *M.
gentili, Tert, N.Afr; Iab, aboral, lat, X1
(1361).

Megapneustes GauTHIeR, 1898, p. 678 [*M. grandis;
OD]. Essentially a Fourtaunia lacking subanal
fasciole. Eoc., Egypt. Fic. 483,1. *M. grandis;
la,b, aboral, lat,, X1 (136i).

Meoma Gray, 1851, p. 131 [*M. grandis; OD].
Resembles Macropneustes, but has deeply sunken,
narrow petals and a peripetalous fasciole which

is deeply re-entrant between them; test high,
ambitus rounded; primary tubercles small and

episternal pre-anal area not as differentiated as
in the more highly developed brissids such as

Eupatagus. Eoc.-Rec., tropics.

M. (Meoma) |[=Rhyssobrissus Acassiz, 1863, p.
27: Hemibrissus Pomer, 1869, p. 13 (type,
Spatangus ventricosus Lamarcxk, 1816)]. Frontal
sinus moderate, subanal fasciole incomplete, reni-
form. Rec., Caribbean and Panamanian faunas.

Fic. 479,2. M. (M.) ventricosa (LAMARCK),
Carib.; 2a,6, aboral, oral, X0.6 (1).

M. (Plethotaenia) H. L. Crark, 1917, p. 233
[*Macropneustes spatangoides AGASSIZ, 1883, p.
64; OD]. Resembling M. (Deakia) in general
form but with very deep frontal sinus, petals
in which only poriferous zones are depressed,
periproct located on apical side, and heart-
shaped, rather than reniform, subanal fascioles
peripetalous fasciole double or multiple. Ree.,
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Idiobryssus

2a Gymnopatagus

Lissospatangus

Fic. 477. Brissidae (p. U586, U588, U591).
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Atl.O.

Fic. 480,3. *M. (P.) spatangoides M. (Schizobrissus) Pomer, 1869, p. 13 [*Brissus

(Acassiz); 3ab, aboral (part), lat, X0.75 eructatus Acassiz, 1847, p. 91] [=Peripneustes
(175b). CotrEau, 1875, p. 38 (type, P. antillarum; OD].

Schizobrissus

Lajanaster

Fic. 478. Brissidae (p. U591, U394, U597).
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Deakia i
Mariania

Plethotaenia

Fic. 480. Brissidae (p. US91-U592, U594).
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Neopneustes

3a o Thebaster

Fic. 481. Brissidae (p. U592, U600-U602).

Metalia

Fic. 482, Brissidae (p. U597, U599).

Frontal sinus deep, subanal fasciole annular,
Eoc.-Mio., tropic. Fic. 478,2. M. (Schizo-
brissus) antillarum (Corrrav), Eoc., Cuba, ab-
oral, X0.7 (1361).
Metalia Gray, 1855, p. 51 [*Spatangus sternalis
Lamarck, 1816, p. 326; OD] [=Xanthobrissus
Acassiz, 1863, p. 28 (type, X. garreti); Prome-
talia PomeL, 1883, p. 34 (type, Brissus robillardi
pE Lorior, 1876, p. 9); Eobrissus Berr, 1904, p.
236 (type, E. townsendi); Metaliopsis FourTau,
1913, p. 68 (type, Echinus maculosus GMELIN,
1788, p. 3199)]. Differs from Brissus mainly in
having narrow, nonlobate subanal fasciole with
anal branches; large tubercles lacking within peri-
petalous fasciole. ?Eoc., Rec., IndoPac. Fic.
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Megapneustes

Pharaonaster

Fic. 483. Brissidae (p. U592, U599-U601, U603).



Euechinoidea—Atelostomata—Spatangoida—Micrasterina U599

482,1. *M. sternalis (Lamarck), Rec.; Ia,b, aboral, migiurting; OD]. Small, depressed forms of ovoid
oral, 0.5 (1). outline, differing from small species of Fupatagus

Migliorinia Cuecchia-Rispor1, 1942, p. 305 [*M. only in having narrower interporiferous zones

Plagiobrissus

Fic. 484. Brissidae (p. U602-U603).
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in petals, and by lacking large tubercles inside — Neopneustes Duncan, 1889, p. 258 [*Rhynobrissus

the area circumscribed by the peripetalous fasciole. micrasteroides Acassiz, 1878, p. 192; OD]. Small,
Eoc., Somaliland. Fic. 483,5. *M. migiurtina; ovoid, with somewhat anterior 4-pore apical sys-
aboral, X1 (136i). tem; ambulacra flush, not distinctly petaloid. Rec.,

Unifascia

Rhynobrissus

Fic. 485. Brissidae (p. U604-U605).
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WAL, Fic. 481,2. *N. micrasteroides (AcAs-
s1z); aboral, X 1.5 (175b).
Pharaonaster Lamsert, 1920, p. 26 [*Macropneu-

Fic. 487. Brissidae (p. U605).

; i ‘ stes ammon Acassiz, 1847, p. 115; OD]. Closely
2a resembling Megapneustes and Fourtaunia but with
flush petals and rounded rather than truncate
posterior end, and having peripetalous and sub-
anal fascioles, Differs from Stomaporus in having
broader interporiferous areas and fascioles. Eoc.,

N.Afr.-’N.Am.

P. (Pharaonaster). Test almost hemispherical. Eoc.,
N.Afr.-?N.Am. Fic. 483,3. *P. (P.) ammon
(Acassiz), Egypt: 34,6, aboral, lat., 0.8 (136h).

P. (Thebaster) Cueccuia-Riseor, 1941, p. 6
[*Macropneustes fischeri pe Lorio, 1881, p.

Fic. 486. Brissidae (p. U604-U605). 74; OD]. Depressed, with broadly transverse

Rojasia
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Trachypatagus

Fic. 488. Brissidae (p. U605).

periproct.  Eoc., Egypt. Fic. 481,3. *P.
(T.) fischeri (DE LorioL); 3a,b, aboral, lat., X1
(136h).
Plagiobrissus PomEer, 1883, p. 29 [pro Plagionotus
Acassiz & Desor, 1847, p. 119 (non MursanT,
1842); pro Plagiostomus D'ORBIcNY, 1854, p. 151

(non Plagiostoma Sowerey, 1812; nec Plagio-
stomus HERmMansen, 1847)] [*Echinus grandis
GmeLin, 1788, p. 320; OD]. Differs from Eupata-
gus chiefly in having anal branches on subanal
fasciole, long plastron, short labrum, and long,
narrow, flexed petals. Eoc.-Rec., cosmop.
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M = mouth

A - anus

Fic. 489, Plate diagram of Spatangus (Lovén),

P. (Plagiobrissus). Frontal sinus well defined.
Eoc.-Rec., cosmop. Fic. 4844. *P. (P.)
grandis (GMELIN), Rec., W.Indies; 4a-c, aboral,
oral, post., X 0.3 (24).

P. (Rhabdobrissus) Correau, 1889, p. 281 [
jullieni; OD] [=Mortensenaster LAMBERT, 1922,
p. 44 (type, Metalia costae Gasco, 1876, p. Hl.
Lacking frontal sinus. Ree., tropic seas. Fic.
484,2. *P. (R.) jullieni, Liberia; aboral, X1
(27¢). [=Rhabdobryssus MEISSNER, 1903, p.
1343 (nom. van.) (obj.).]

Plesiaster Pomer, 1883, p. 42 [*Micraster peini
Coguanp, 1862, p. 245; OD]. Closely resembles
Micraster, but having peripetalous fasciole; pores
in frontal ambulacrum resembling those of paired
petals, outer one elongate; ethmophract, 4 gono-
pores. U. Cret.(Santon.-Campan.), Eu.-N.Afr.-N.
Am. Fic. 484,3. *P. peini (Coquanp), U.Cret.
(Santon.), N.Afr.; aboral, X1 (136i).

Plesiopatagus Pomer, 1883, p. 32 [*Eupatagus
cotteani pE Loriow, 1880, p. 611; OD] [=Plesio-
spatangus CorTeau, 1886 (mom. wvan.)]. Re-
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sembles Eupatagus but with depressed petals like

Macropneustes, and only 2 gonopores. Eoe., Egypt.
Fic. 483,4; 484,1. *P. cotteaui (DE LoRioL);
4834, apical system, enl. (136i); 484,1a-c, aboral,
oral, lat.,, X1 (1361).

Radiobrissus FourTau, 1913, p. 66 [*R. gneffensis;
OD]. Small, oveid test lacking frontal sinus;
ethmolytic, 4 gonopores; frontal ambulacrum flush,
paired ambulacra petaloid, with round, conjugate
pores; adapical plates in anterior plate row of
anterolateral petals with rudimentary pores. Mio.,
Egypt. Fic. 483,2. *R. gneflensis; 2a-c, ab-
oral, oral, lat., X1 (1361).

Spatangus

Fic. 490. Spatangidae (p. U605, UG08).
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Fic. 491. Spatangidae (p. U608).

Rhynobrissus A. Acassiz, 1872, p. 58 [*R. pyra-
midalis; OD]| [=Rhinobrissus QUENSTEDT, 1874,
nom. van.]. Ovoid test with flattened oral side
and sharp ambitus, lacking frontal sinus; ethmoly-
tic, with 4 gonopores: frontal ambulacrum flush,
petals depressed; posterior paired interambulacra
not extending to peristome; anal fasciole well de-
veloped. Rec., Pac.-W.Australia. Fic. 485,2.
*R. pyramidalis; 2a-c, aboral, oral, lat,, X 1.5 (1);

2d,e, apical system and peristome, X13, X6
(1361). [=Rhinobryssus MerssNer, 1903, p. 1343
(nom. van.) (obj.).]

Rojasia Sincmez Roig, 1951, p. 57 [*R. rojusi;
OD]. Resembling Sechizobrissus but distinctive
in form, anteriorly excentric apex rising as pyra-
mid over flat posterior part of test; deep frontal
sinus; gonopores 4; petals long, narrow, open,
slightly flexed, deeply depressed; peripetalous
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Fic. 492. Spatangidae (p. U608-U609).

fasciole embayed, subanal fasciole not ascertained,
oral side not known; one of largest fossil echin-
oids. Eoe., Cuba. Fic. 486,2. *R. rojasi, 2ab,
oral, lat.,, X0.3 (216c).

Spatagobrissus CrLark, 1923, p. 402 [*S. mirabilis;
OD]. Resembles Eupatagus but lacking frontal
sinus; oral side slightly convex; petals relatively
far open; primary tubercles inside and outside
peripetalous fasciole. Ree., S.Afr. Fic. 487.1.
*S. mirabilis; la,b, aboral, oral, X0.86 (1361).
Spatangomorpha Boerm, 1882, p. 237 [*S. eximia;
OD]. Like Eupatagus, but more (about 8) am-
bulacral plates included in subanal fasciole, and
posterior ambulacra meet to separate labrum from
sternum. Anterior ambulacrum somewhat de-
pressed. Mio.-Plio., India-Java. Fic. 486,1.
¥S. eximia, Mio., Indonesia; lab, aboral, oral,
X1 (1361).

Stomaporus CotTeau, 1888, p. 977 [*S. hispanicus;
OD]. Resembling Fowurtaunia and Megapneustes
but with narrower interporiferous zones in petals
and appearing to lack fascioles altogether. Eoc.,
Spain, Fic. 488,1. *S. hispanicus; la-c, aboral,
oral, lat.,, % 0.8 (33).

Trachypatagus Pomer, 1869, p. xi [*T. oranensis;
OD |[=Leiopatagus PomeiL, 1869, p. xii (nom.
nud.)]. Differs from Eupatagus in being uni-
formly tuberculate; no frontal sinus; peristome
far forward. Eoc.-Mio., Medit. Fic. 488,2. *T.
oranensis, Mio., Alg.; 2a-c, aboral, oral, lat,
%025 (33). [=Liopatagns PoMmEL (nom. null.).]

Unifascia Cooke, 1959, p. 79 [*Macropneustes
carolinensis CLark, 1915; OD]. Closely resembles
Macropnenstes but lacking anal and peripetalous
fascioles, and having marginal fasciole; primary
tubercles on nearly whole test. [Type genus
(monotypic) of Unifasciidae Cooxg, 1959.]
Eoc., SE.N.Am. Fic. 485,1. *U. carolinensis
(CLARK); Ia-c, aboral, oral, lat,, X1.5 (24).

Family SPATANGIDAE Gray, 1825

[Spatangidae Gray, 1825, p. 430 ] [=Prospamngidac Lanm-
pert, 1905, p. 34, Maretiidae Lamserr, 1905, p. 47]

Heart urchins having subanal fasciole
only; apical system ethmolytic; gonopores
3 or 4; anterior ambulacrum with only small
pores arranged in single series; paired am-
bulacra petaloid, with petals nearly flush
or flush; primary spines differentiated, in
some forms recessed into camellae. Plastron
holamphisternous  to  ultramphisternous
(Fig. 489). [Littoral to bathyal.] Eoc.-Rec.
Spatangus Gray, 1825, p. 430 (won Leske, 1778,
nom. nud.) [*Spatagus purpurens MOLLER, 1776,
p. 236; SD ICZN, Op. 209, 1948] [=Prospatan-
gus Lampert, 1902, p. 55]. Heart-shaped, right
side normally projecting slightly beyond left; 4
gonopores; ambulacra of normal structure or
nearly so. Eoc.-Ree., cosmop.
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Fic. 493. Spatangidae (p. U608-U609).
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Fic. 494. Spatangidae (p. U609).
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Paramaretia

Fic. 495. Spatangidae (p. U609).

S. (Spatangus). Primary tubercles scattered over
interambulacra. Eoc.-Rec., cosmop. Fic. 490,
1. *S. (S.) purpureus (MULLER), Rec., Eu; 14,0,
aboral, oral, 0.7 (1).

S. (Granopatagus) Lamserr, 1914, p. 193
[*Spatangus lonchophorus MENEGHINI in DESOR,
1858, p. 422; OD]. Primary tubercles only along
edge of frontal sinus and in posterior interambula-
crum. Eoc.-Rec., Medit.-Ind.O.-W.Pac. Fic.
491,3. *S. (G.) lonchophorus MENEGHINI, Eoc.,
Italy; aboral, % 0.6 (41). [=Concophorus LAUBE,
1869, p. 36: Conchophorus Duncan, 1889, p.
252 (non Gray, 1821) (laps. cal.); Lonchophorus
Poner, 1883, p. 29 (non Germar, 1824, nec
Escuscuortz, 1825, nec ScHOENHERR, 1838, mec
Luxp, 1839.]

S. (Phymapatagus) Lamsert, 1910, p. 3 [*Spa-
tangus britannus TourNouEer; SD CorTeau, 1897,
p. 12]. Primary tbercles lacking in posterior
interambulacrum; anterior petals with only rudi-
mentary pores in uppermost plates of anterior
series. Eoc.-Mio., Eu. Fic. 491,2. *S. (P.)
britannus TourNOUER, Mio., Fr.; aboral, X0.75
(1361).

S. (Platyspatus) Pomer, 1883, p. 29 [*Spatangus
chitinosus Sismonpa, 1841, p. 31; OD]. Petals
small, slightly depressed; frontal sinus large; pri-
mary tubercles distributed over all interambula-

cral plates. Eoc.-Mio., Medit. Fic. 491,1. *S.
(P.} chitinosus Sismoxpa, Mio., Italy; la-c, ab-
oral, oral, lat,, X1 (206a).
Atelospatangus Kocm, 1885, p. 115 [*A. transi-
vanicus; OD] [=Oppenheimia Cossmany, 1900,
p. 186, pro Lambertia OpPENHEIM, non DEsvoiDy,
1863, nmec Sowersy, 1869, nmec Perucia, 1894
(type, Lambertia giardinalei OppENmEIM, 1899,
p. 28)]. Small flattened test with frontal sinus
and 4 gonopores, distinguished by having an-
terior plate series of anterolateral petals reduced
to small plates with pores small or absent. Eoc.-
Mio., S.Eu. Fic. 492,1. A. giardinalei (OPPEN-
uem), U.Eoc, Italy: Ia-c, type-species of Oppen-
heimia, aboral, oral, lat, X1 (1361). Fic. 493,
2. *A. transilvanicus, Romania; 2a-d, aboral, oral,
lat,, post., X1 (1361).
Hemimaretia MorTeNsEN, 1950, p. 160 [*Maretia
elevata DépERLEIN, 1907, p. 263; OD]. Resemb-
ling Maretia (Hemipatagus) with some primary
tubercles housed in camellae, but has only weakly
developed phyllodes, and only 3 gonopores; an-
terior paired petals incomplete, having reduced
pores in proximal plates of anterior plate row.
Rec., E.Afr,
Laevipatagus Nogrvive, 1885, p. 211 [*Spatangus
(Micraster) bigibbus vox Beyrich, 1848, p. 100;
OD] [=Leiospatangus Mavir, 1861, p. 119




Euechinoidea—Atelostomata—Spatangoida—Micrasterina

{rom, nnd.}]. Intermediatc between Spatangus
and Maretia in having frontal half of plastron
bare; gomopores 4, no large aboral tubercles, 2
peculiar interambulacral bulges in front of peri-
stome. Eoe., Baltic region. Fic. 492,2, *L. bi-
gitbus (von BryricH); 2d-c, aboral, oral, lat,
w1 {1361),

Maretia Grav, 1855, p. 48 | *Spatangus planulatus
Lamanck, 1816, p. 326; OD] [=Hemipatagus
Desor, 1858, p. 416 (iype, Spatangus koffmanni
Govpruss, 1826, p. 152); Twuberaster PrrON &
GauTHIER, 1885, p. 46 (wpe, T. ruberculatus
Prrov & GauTHIER; Thrichoproctns A. AGassIz
(M.S., nom. nad.); Plagioparagns LUTREN (in
litteris, nom. nud.}]. Test oval to heart-shaped;
large tubercles on apical side except in posterior
interambulacrum; 4 genita} pores. Primary tuber-

cles may be recessed in camellac. Eoc.(cosmop.}-
Ree.{IndoPac.}. Fi. 493,1. M. hoffmanni
{Gocpruss), Oliga., Ger; la,k, zboral, lat, Xi
{344). Fic. 494,1. *M. planulata (I.AMARCK),
Rec.; la-d, aboral and oral, with and without
spines, X 1.5 (1); le, apical system, ¥ 6; 1, de-
tail showing ear-shaped tubercles on oral side,
X6 (1361). [==Thrichoproctns Acassiz, 1872, p.
139 (mom. nud. }.]

Nacospatangus A. Acassiz, 1873, p. 189 [*N.
gracilis; OD] [=Nacoparagns AGASSIZ, 1881, p.

219, nom. van.]., Gonopores 3, weakly developer
phyllodes, no anterior sinus, reduction or total
loss of pores in anterior plate series of anterior
paired ambulacra; apical side with few or no
large tubercles and ampullae. Ree., IndoPac.

N. (Nacospatangus). Periproct not sunken; ne pri-
mary spines. Rec., Pac.O.-Ind.O. Fic. 493,3.
*N, (N.) gracilis Acassiz, 3a-¢, adoral, aboral,
lat., X3 {175a); 3d.e, aboral, oral, X3 {3}; 3},
detail of anterolateral petal, enl. (136i).

N, {Pscudomaretia) Kozmrk, 1914, p. 107
[*Maretia alta A. Acassiz, 1863, p. 3601; OD]
[=Lonrchophorus Stuver, 1880, p. 879 (type,
L. imterruptus), non Grrmar, 1837, nec PoMEL,
1883; Gonimaretia Crark, 1917, p. 240 (type,
G. tylota)]. Periproct sunken; a few primary
spines. Ree., Japan-Ind.Q.

Paramaretia MorTeNsEN, 1950, p. 160 [*P. mulu-

suberculata; OD]. Differs from Maretig in having
narrow, open petals and in rudimentary naturc

of pores in anterior plate series of anterior petals;
distingr  from  Nacospatangns and  Hemimaretia
in having 4 gonopores and deep phyllodes. Rec.,

Australia, Fic. 493,1. *P. mulutuberculata;
Ia, oral, X 0.7; 15, sketch of petal, X2; I¢, apical
system, X 3.75 {1361}.

Semipetalion SzoREnyr, 1963, p. 194 [*Arelo-
spatangus ( Semipetalion) anomon Szérényr; OD].
Resembles Hemimaretia, Nacospatangus and Para-
maretia in incomplete nature of anterior paired
petals, which lack normal pores in proximal part
of anterior plate row. Gonopores 4; deep anterior

U609

Fic. 496, Plate diagram of Lorenia {Lovén).

sinus; anterinr petals long, open, somewhat de-
pressed, posteriar petals short, broad, closed, flush;
phyllodes not well developed, U.Eoc., Hung.

Family LOVENIIDAE Lambert, 1905
[Loveniidue Lammrrr, 1905, p. 34

Distinguished from all other echinoids by
possession of internal fasciole, surrounding
apical system and parts of anterior ambula-
crum (exception: Homolampas). Subanal
fasciole generally present and peripetalous
fasciole as well in Breynia and Homolam-
pus; apical system ethmolytic, with 3 or 4
gonopores; paired ambulacra petaloid, with
anterior pair commonly fused into trans-
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Fic. 497. Loveniidae (p. U613).
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Fic. 498. Loveniidae (p. U613-U614).
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Echinocardium

Fic. 499. Loveniidae (p. U613).
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verse crescent; anterior ambulacrum apetal-
oid. Primary spines may be recessed in
camellae. Plastron ultramphisternous (Fig.
496). [Neritic to bathyal.] Eoc.-Rec.

The loveniids, as a whole, appear to be
derived from the Spatangidae, by acquisi-
tion of an internal fasciole. The occurrence
of a peripetalous fasciole in Breynia sug-
gests the possibility that this genus may
have been derived from the Brissidae, and
that the family Loveniidae, as now con-
stituted, is polyphyletic.

Lovenia Desor, 1847, p. 10 [*Spatangus elongatus
Gray, 1845, p. 436; OD]. Test low, oval to heart-
shaped, with subanal and internal fascioles; gono-
pores 3 or 4; spheridia housed in cysts surround-
ing peristome; in some species primary tubercles
of paired ambulacral areas recessed into camellae.
Eoc.-Ree., cosmop.

L. (Lovenia). Anterior margins of anterolateral
petals forming crescentic line; primary tubercles
of ambulacra noncrenulate, recessed in ampullae.

Oligo.-Rec., cosmop. Fic. 497,1. *L. (L.)

elongata (Gray), Rec., la.b, aboral, oral, X1

(27f); Ic, amb., enl. (Cotteau, 1889); Id.e, ab-

oral, oral, }1.5 (1); If, apical system, X6;

lg, spheridial cysts, X4.5 (1361).

L. (Vasconaster) LameerT, 1915, p. 191 [pro Sar-

sella Pomer, 1883, p. 28 (non Harcker, 1879)]

[*Breynia sulcata Hame, 1853, p. 216; OD].

Petals not forming transverse crescent; primary

tubercles not recessed in ampullae. Eoc.-Rec.,

cosmop. Fie. 498,3. *L. (V.) suleatus

(Haive), Oligo., Fr.; 3a, aboral, X1.5; 35-d,

oral, lat, post., X1 (all 27¢).

Breynia Desor, 1847, p. 12 [*Spatangus australasiae
Leacn, 1815]. Resembles Lovenia but with peri-
petalous fasciole in addition to subanal and in-
ternal ones, large generally noncrenulate tubercles
of paired interambulacral areas located in camellae.
Oligo.-Rec., Medit.-India-W, Pac, Fie. 499,2,
*B. australasiae (LeacH), Rec.; 2a-¢, aboral, oral,
lat.,, X1 (1); 2d,e, apical systems of male and
female, both X5 (1361).

Chuniola Gacer, 1903, p. 531 [*C. carolinae; OD].
No fascioles known in this heart-shaped urchin,
described from internal molds, but presence of am-
pullate primary tubercels in 3 posterior inter-
ambulacra, combined with bare plastron and short,
broad labrum suggest relationship to Lovenia. Mio.,
Ger. Fic. 499,3. *C. carolinae; 3a,b, aboral,
oral, X 1.5 (194).

Echinocardium Gray, 1825, p. 430 [*Echinus cor-
datus Penwawt, 1777, p. 58; SD ICZN, Op. 209,
1948] [=dAmphidetus Acassiz, 1836, p. 184
(obj.)]. Differs from typical loveniids in scarcity
of large spines and tubercles, and absence of deep
arcoles or camellae; subanal fasciole with pair of

U613

Pseudolovenia

Fic. 500. Loveniidae (p. U614).

anal branches. Oligo.-Rec., cosmop. Fic. 499,1.
*E. cordatum (PexwanT), Rec., English Channel;
lab, aboral, post, X1.5; lc, apical system, enl.
(185).

Homolampas A. Acassiz, 1874, p. 137 [pro Lisso-
notus Acassiz, 1869, p. 273 (mon GistL, 1848;
nec BLyTH, 1853; nec ScHONHERR, 1917)] [*Lisso-
notus fragilis Acassiz, 1869, p. 273; OD]. Test
fragile ovoid, with frontal sinus; 3 gonopores;
ambulacra flush, nonpetaloid; subanal and peri-
petalous fascioles present; resembling loveniids in
having noncrenulate primary tubercles sunk in
camellae, and therefore placed in this family de-
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M = mouth

A = anus

Frc. 501. Plate diagram of Palacotropns (Lovén).

spite absence of internal fasciole. Rec., IndoPac,

Fic. 498,2. *H, fragilis (Acassiz): 24, aboral,
X6; 2b, apical svstem, ¥ 12; 2cd, aboral, oral,
% 1.5 (136).

Pseudolovenia Acassiz & Crark, 1907, p. 255 [*P.
Airsuta; OD). Differs from Lorenia in having sub-
petaloid,  distally  diverging ambulacra.  Rec.,
Hawaii. Frc. 500,71, *P. Airsirta; la-c, aboral,
oral, lat., X1 (21}.

Verbeekia Fritsch, 1877, p. 90 [*V. dubia; OD]
[ron Verbeeckia Prwecke, 1908, p. 637; nec
Sivestri, 1908, p. 137] [—Verbeckia PomEL,
1883, p. 35 fmom. wvan.}}. Poorly known spatan-
goid of oval outline, with peculiarly confluent perals
and small sternum, which suggests placement in
Loveniidae. Eoc.,, Borneo. Frc. 498,1. *V.
dubia; 1a,b, aboral, oral, X1 (193).

Suborder ASTEROSTOMATINA
A. G. Fischer, new suborder
Petals weakly developed or absent, fas-
cioles of various types or absent, primary

spines present or absent, apical system eth-
molytic, plastron mesamphisternous to ul-
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tramphisternous. Restricted to family As-
terostomatidae. [Probably a polyphyletic
grouping of aberrant members of the Hemi-
asterina and Micrasterina, which have re-
duced petals or fascioles or both and have
in some cases returned to a nearly radial
symmetry, in adaptation to other habitats.
This suborder is to be regarded as a taxo-
nomic convenience or necessity rather than
as a biologically meaningful unit.]Eoc.-Rec.

Family ASTEROSTOMATIDAE Pictet,
1857

[Asterostomatidae Preter, 1837, p, 205) [=Paleopneustidae

Acassiz, 1904, p. 150; Antillasterinae Lamsrry & TRy,

1924, p. 439; Palacopneustidae MorTensex, 1930, p. 181]

Heterogeneous, polyphyletic grouping of
ethmolytic spatangoids showing tendencies
to lose petaloid structure and fascioles, and,
in some forms, to re-establish superhcial
radial symmetry (Fig. 501). Peristome
labiate, phyllodes well developed, test gen-
erally fragile; most possess radioles. Plastron
mesamphisternous, holamphisternous or ul-
tramphisternous. Foc.-Rec.

The Recent forms live on mud bottoms
of the bathyal and abyssal zone, and are
mud-feeders. The abyssal forms are notable
for loss of petals, and reduction of pores
in the fronral ambulacrum,

Older workers, including MoRTENSEN,
considered the asterostomatids or palae-
opneustids as primitive. MorTeENsEN sug-
gested that they represent a root group of
the Spatangoida, collateral with the toxaster-
ids, and derived from the collyritids; be
considered them ancestral to the loveniids
and pericosmids, and possibly to the palaeo-
stomatids and aeropsids as well. However,
their apical system, plastron, spination, and
fascioles are not primitive, and their time
distribution does not support this ancestral
role. It seems more reasonable to ascribe
their loss of petals and other spatangoid
characters to secondary adaptation to a
mode of life not typically spatangeid. If
we accept this view—that they are some-
what aberrant end forms—then their diver-
sity of fascioles takes on meaning. It be-
comes evidence of a polyphyletic origin of
the group, of convergent adaptation to the
asterostomatid mode of life by hemiasterids,
brissids, spatangoids, and loveniids.
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The majority of asterostomatid genera eny. These forms probably include hemi-
show the presence of the peripetalous fas- asterids which developed primary spines,
ciole, at least in early stages of their ontog- and brissids which lost their subanal fas-

Asterostoma

Brissolampas

Fic. 502, Asterostomatidae (p. U616).
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Antillaster

F16, 503. Asterostomatidae (p. U616).

ciole. Other genera retain at least vestiges
of a subanal fasciole, in Pycnolampas and
Elipneustes combined with a peripetalous
fasciole. These may be derived in part from
the brissids and in part from the spatangids.
The genus Peripatagus stands alone in hav-
ing a true marginal fasciole, which passes
beneath the periproct. It may derive from
the pericosmids or represent an independ-
ent development of this structure. Homo-
lampas is so obviously derived from the
loveniids that it has here been transferred
to that family, just as the more obvious
brissid derivatives Megapneustes, Stoma-
porus, Pharaonaster, Thebaster, and Mari-
ania, placed by MorTEnsEN in the astero-
stomatid group, are here grouped with the
brissids.

The reduction of petals and ambulacral
pores, the loss of fascioles, and, in some
forms, the development of circular outlines
are changes which run directly counter to
the evolutionary adaptation of spatangoids
to a burrowing mode of life. Perhaps the
asterostomatids represent a return to life
on or at the surface of the sea floor.
Asterostoma Acassiz, 1847, p. 168 [*A. excentri-
cum; OD]. Test ovoid, flattened on oral side;
apical system with 4 gonopores; paired ambula-
cra subpetaloid, open at ambitus; central zones of
ambulacra form furrows which extend from peri-
stome to ambitus; no fascioles. Eoc., Antilles.
Fic. 502,1. *4. excentricum; 1lab, aboral, lat,
¥0.5 (142); lc, oral side, showing grooves,
X0.75 (216b); Id, apical system, X6 (136h).
Antillaster Lamsert, 1909, p. 103 [*Asterostoma
cubensis CortEAu, 1871, p. 5; OD] [=Pseudas-
terostoma SincHEz Roig, 1952, p. 5 (obj.) (nom.
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Duncan, 1889, p. 203)]. Differs from Astero-
stoma in lacking furrows on oral side, or having
such furrows incompletely developed (only in
anterolateral pair, and extending only part way
from peristome toward margin). Eoc.-Mio., An-
tilles. Fie. 503,1; 504,4. *A4. cubensis (Cor-
TEAU), Cuba; 503,1, oral, X0.3 (216b); 504,44,5,
aboral, lat., X 0.6 (21b).

Argopatagus A. Acassiz, 1879, p. 209 [*A. vitreus;
OD] [=Meijeria DépERLEIN, 1906, p. 242 (type,
Phrissocystis humilis pE MEijEre, 1902, p. 14);
Phrissocystis A, Acassiz, 1898, p. 80 (type, P.
aculeata A, Acassiz, 1904, p. 187)]. Test flat,
delicate; ambulacra not petaloid, and only apical
4 or 5 plates of each showing paired pores; genital
plates fused, gonopores 4; phyllodes well devel-
oped; subanal fasciole present though Phrissocysiis
lacks this fasciole and may represent a gerontic
Argopatagus vitreus or a distinct form. Ree., Pac,
0.-Ind.O. Fic. 504,3. *A. vitreus, Pac.O;
3a-¢, aboral, oral, lat,, X1 (2).

Brissolampas PomEeL, 1883, p. 31 [*Paleapneustes
conicus Dames, 1877, p. 47; OD]. Outline ovoid,
with pointed posterior; oral side flat; periproct
inframarginal; all ambulacra similarly petaloid,
with round pores, thus distinguished from Pygo-
spatangus; fascioles lacking. Mio., Italy-Cuba.
Fic. 502,2. *B. conicus (Dames), Italy; 2a-¢, ab-
oral, oral, lat.,, X 0.6 (41).

Brissomorpha Lause, 1871, p. 72 [*B. fuchsi; OD].
Distinctively shaped test, with posterior beak
bearing periproct on its underside; apical system
anteriorly eccentric, with 4 gonopores; petals
narrow, open, with round pores; peripetalous
fasciole present, others not ascertained. Mio.,
Austria - Algeria - Indonesia. Fic. 504,2. *B.
fuchst, Austria; 2a,b, aboral, oral, }0.75 (204b).
Cleistechinus Dt Loriov, 1882, p. 27 [*C. canaverii;
OD]. Appears to differ from Palaeobrissus mainly
in having pores in frontal ambulacrum reduced
to simple unpaired condition; gonopores 2; am-
bulacra not petaloid, their pores microscopic;
subanal fasciole present. Mio., Italy. Fi1e. 504,
1. *C. canaverii; la-¢, aboral, oral, lat, X1
(136h).

Delopatagus Koexrer, 1907, p. 147 [*D. brucei;
OD]. High, with nearly circular outline and
posteriorly eccentric apex; gonopores 3; paired
ambulacra slightly petaloid, slightly depressed,
anterior pair longer than posterior; frontal am-
bulacrum apetaloid, bearing pores only in upper-
most plates; no fascioles. [ Abyssal.] Rec., Antarctic.

Elipneustes Koenvrer, 1914, p. 213 [*Eurypneustes
denudarus KoeHLER, 1914, p. 71; OD] [=Eury-
pneustes KoenrLer, 1914a, p. 71 (non Duncan
& Svrapewn, 1882)]. Close to Linopneustes but
distinguished by having only faint frontal sinus
and pores in anterior ambulacrum placed in ob-
liquely arranged pairs. Rec., Ind.O.
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Antillaster 4a

Fic. 504. Asterostomatidae (p. U616).
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Heterobrissus

Fic. 505. Asterostomatidae (p. U622).
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Megapetalus

Fic. 506, Asterostomatidae (p. U622).
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Palaeobrissus

Moronaster

Fic. 507. Asterostomatidae (p. U622).
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Fic. 508. Asterostomatidae (p. U622, U624).
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Genicopatagus A, Acassiz, 1879, p. 210 [*G.
affinis; OD]. Test low arched, ovoid in outline,
with faint frontal sinus; ambulacra flush, non-
petaloid, but having double pores; apical system
ethmolytic, with 3 gonopores; no apical primary
spines, no fascioles. [Abyssal.] Rec., Antarctic,

Fic. 505,1. *G. affinis; la-c, aboral, lat.,
post., X 1.5; 1d, oral, X1 (all 2).

Heterobrissus Manzont & MazzerTi, 1877, p. 354
[*H. montesi; OD] [=drchaeopneustes GREGORY,
1892, p. 163 (type, Palacopneustes hystrix Acassiz,
1880, p. 60)]. Like Palacopneustes in outline and
ambulacral characters but with deep phyllodes,
4 gonopores, and larger primary tubercles; fas-
cioles lacking. Mio.-Rec., trop. seas. Fie. 505,
2a-c. *H. montesi, Mio., Ttaly; 2a-c, aboral, oral,
lat., x0.75 (206b). Fic. 505,2d. H. niasicus,
Rec., Ind.O.; 24, apical system, X4 (136h).

Linopneustes A. Acassiz, 1881, p. 167 [*Paleo-
pneustes murrayi A. Acassiz, 1873, p. 168; OD].
Resembles Paleopneustes in shape and radial ar-
rangement of pores in frontal ambulacrum, but
differs in having 4 gonopores and frontal sinus;
juveniles with marginal and subanal fasciole,
adults may retain former. Rec., trop. seas.
Fic. 506,1. *L. murravi (Acassiz); la-d, aboral,
oral, lat, post, X0.75; Ie, apical system, enl.
2).

Megapetalus CLark, 1929, p. 259 [*M. lovenioides;
OD]. Differs from all known asterostomatids 1in
having 5 equal, very large, flush, open petals;
gonopores  4; fascioles lacking. Mio., N.Am.
(Calif.). Fic. 506,2. *M. lovenioides; 2ab,
aboral, oral, X0.75 (226).

Moronaster Sincuez Rois, 1952, p. 13 [*M.
moronensis; OD]. Heart-shaped, with distinct
frontal sinus; frontal ambulacrum nonpetaloid;
petals long, open, with subequal pores, slightly
depressed;  periproct  inframarginal; peristome
labiate; apical structure and nature of plastron
unknown; fascioles appear absent. [Clearly a
spatangoid, but surface preservation of known
specimens is too poor to be certain of absence of
fascioles; hence family assignment remains un-
certain.] Eoe., Cuba. Fi1c. 507,2. *M. moronen-
sis: 2a,b, aboral, oral, % 0.75 (216d).

Palacobrissus A. Acassiz, 1883, p. 56 [*P. hilgardi;
OD]. Test oval, depressed, lacking frontal sinus;
gonopores 2 (posterior) in young specimens, 1
or 2 additional (anterior) rudimentary pores in
adults, ambulacra flush, nonpetaloid to slightly
petaloid (in paired ambulacra of large specimens) ;
no large tubercles or spines; subanal fascicle pres-
ent in young, obliterated in adults; no peripetalous

Fic. 509. Asterostomatidae (p. U624). fasciole. Rec., Antilles——Fic, 507.1. *P. il
gardiy la-c, aboral, oral, post, X1.5; 1d, apical
region, X4 (1361). [=Palacobryssus MEISSNER,
1903, p. 1343 (nom. van.) (obj.).]

Palaeotropus LovEn, 1872, p. 1085 [*P. josephinae;
OD]. Differs from Palaeobrissus in having uni-




Euechinoidea—Atelostomata—Spatangoida—Asterostomatina U623

lc

Platybrissus

Prosostoma

Eurypatagus

Fic. 510. Asterostomatidae (p. U624-U625).
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Fic. 511. Asterostomatidae {p. U625).

serial ambulacral plates in apical area, and in
being completely nonpetaloid. Rec., trop. Atl:
Fic. 508,2. ¥P. josephinae; 2a-c, aboral, oral, post.,
» 1.5 {175¢); 2d, apical region, enl. (136i).

Paleopneustes A, Acassiz, 1873, p. 223 [*P. crista-
tus; OD | [=Palacoprenstes Duxcan, 1889, p.
223 (nom. van.)]. Test high, roundly conical,
lacking frontal sinus; apical system central, with
3 ponopores; paired ambulacra petaloid, flush,
open; anterior ambulacrum with double pores but
arranged in single row; phyllodes weakly devel-
oped, tubercles small; young specimens showing
wide peripetalous fasciole, which resembles mar-
ginal fasciole but excludes periproct, ?Ters., N.
Am.; Rec., Gulf Mexico-Carib. Fic. 509,1. *P.
cristatus, Rec., Guli Mexico; la-c, aboral, oral,
lat., x0.5 {175a).

Paleotrema Kornper., 1914, p. 45 [*Palacotropns
lopeni A. Acassiz, 1881, p. 204; OD] [=Palaco-
trema Koewien, 1914, p. 45 {laps. cal.)]. Re-
sembles Palaeobrissus but completely nonpetaloid,
and has 3 gonopares, anterior one lying in madre-
porite, Ree., IndaPac, Fic. 508,1. *P. lovem
{Acassiz); la-d, aboral, oral, lat., post, X2 (2);
Ie, apical region, X4 (136h).

Peripatagus Kozmuer, 1895, p. 231 [*P. etmetus;
OP]. Small, nearly circular in outline, with faint
frontal sinus; gonopores 3 or 4; ambulacra com-
pletely nonpetaleid, having only few, simple pores;
marginal fasciole present. Rec., Azores.

Platybrissus Grusr, 1865, p. 61 [*P. roemert; OD].

Test elliptical, depressed, lacking frontal sinus;
gonopores 4; ambulacra flush, paired ambulacra
petaloid; subanal fasciole present in young, but
tending to disappear in adults, Mio.-Rec., Indo-
Pac. [=Plarybryssus MEemssnex, 1903, p. 1343
{nom. van.) (0bj.).]
P. (Platybrissus)., Test rclatively narrow, peri-
stome narrow, wbercles small, phyllodes moad-
erately devcloped. Mio.-Rec., IndoPac. Fic.
510,1, *P. (P.) roemeri, Rec.; la-c, aboral, oral,
post., ¥1: 1d, apical system, X6 (136h).

P. (Eurypatagus) MorTeNsEN, 1948, p. 133 [*E.
ovalis; OD]. Test and peristome broader, tuber-
cles larger, and phyllodes decper than in P

{ Platybrissus). Tert., Java; Rec., IndoPac.
Fic. 510,3. *P, (E.) owdlis, Rec; 3a-¢, aboral,
oral, past., X1 (136h).

Plesiozonus pE Merjexs, 1902, p. 12 [*Plesiozonus
hirsatus; OD]. Resembles Prosostoma in being
large and rounded, with paired petals which are
closed and have their last plates occluded; its
petals are nmarrower, and test may show shallow
frontal sinus and peripetalous fascioles; gonopores
3: peristome elliptical, anterior, depressed. Rec.,
Philip.-Tndoncsia.

Prosostoma PowmEL, 1883, p. 55 [*dAsterostoma
jimenoi Corveau, 1870, p. 40; OD] [=Pseu-
dasterostoma Durcan, 1889, p. 203 (obj)]. Very
large, hemispherical test with 4 large closed flush
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petals in which some terminal plates are oc-
cluded; fascioles not ascertained; oral side un-
known. Mio., Cuba. Fic. 510,2. *P. jimenoi
(CotTEAU); 2a,b, aboral, post., X 0.6 (184a).
Pycnolampas Acassiz & Crark, 1907, p. 252 [*P.
oviformis; OD]. Test elliptical, lacking frontal
sinus; paired ambulacra subpetaloid, flush; frontal
ambulacrum with only simple pores; delicate peri-
petalous fasciole and well-developed subanal fas-
ciole present. Rec., Hawaii. Fic. 511,2. *P.
oviformis; 2a-c, aboral, oral, post., X2.7 (21).
Pygospatangus Cotteau, 1888, p. 977 [*P. salvae;
OD]. Differs from Brissolampas in having higher
test and nonpetaloid frontal ambulacrum; differs
from Antillaster and Asterostoma in petals not
reaching ambitus, round conjugate pores, and in-
framarginal periproct. Eoc., Spain. Fie. 511,1.
*P, salvae; la,b, aboral, lat., X0.6 (136h).

Suborder and Family
UNCERTAIN

A number of spatangoid genera are suffi-
ciently well described and illustrated to be
recognizable, yet we lack knowledge of
critical parts necessary for even tentative
family assignment within the order.
Barnumia CooxEk, 1953, p. 29 [*B. browni; OD].

Shape bulbous but not accurately known; all
ambulacra petaloid, flush, petals open; apical sys-
tem ethmophract, gonopores 4; marginal fasciole,
passing beyond end of petals; plastron unknown.
[Assignment to spatangoids uncertain.] Cret.
(?Campan.), Guatemala. Fie. 512,2. *B.
browni; 2a,b, aboral, oral, X1 (183).

Cestobrissus Lamsert, 1912, p. 100 [*C. lorioli;
OD]. Ovoid test with apical system far anterior,
posterior end truncated; structure of apical sys-
tem unknown; peristome anterior; fasciole de-
scribed as marginal, but MorTENSEN has suggested
that it may represent peripetalous and lateroanal
fascioles with rear part of former obliterated, in
which case this form belongs to the Schizasteridae.
Eoc.,, SW.Fr. Fic. 513,1. *C. loricli; lab,
aboral, lat., X1 (1361).

Cottreaucorys LamserT, 1920, p. 26 [*Homoeaster
blayaci Correau, 1909, p. 248; OD]. Test ovoid,
with rear extended into subanal tail; apical system
anterior, with 4 gonopores; ambulacra subpetaloid,
short, simple, evidently not differentiated; peri-
petalous fasciole present. [May be ancestral to
Aeropsis.]. U. Cret. (Maastricht.), N. Afr. (Alg.).

Fic. 513,3. *C. blayaci (CorrEaU); 3a,b, ab-
oral, lat.,, X 1.5 (184b).

Enichaster b Lorior, 1882, p. 30 [*E. oblongus;
OD]. Shape flattened and elongate, with parallel
sides; gonopores 4; paired ambulacra petaloid; ap-
pears to lack fascioles; oral surface not known,
classification uncertain, possibly not a spatangoid.

U625

la

Gonzalezaster

2b

Fic. 512. Spatangoida, Suborder and Family Un-
certain (p. U625).

Barnumia

Oligo., Italy. Fic. 514,1. *E. oblongus; la,b,
aboral, lat,, X 1.5 (205a).

Gonzalezaster Sincuez Roig, 1952, p. 14 [*Nudo-
brissus lamberti SAncurz Roic, 1949, p. 222].
Heart-shaped in outline, highest in rear; apical
system anteriorly excentric, probably ethmophract;
gonopores 2(?); anterior ambulacrum apetaloid,
deeply sunken; paired petals slightly depressed,
very narrow, open, the frontal pair transverse;
fascioles appear to be lacking. Upper Eoc., Cuba.
Fic. 512,1. *G. lamberti (SAncHez Roic),
la,h, aboral, oral, X0.5 (216d).

Homoeopetalus Arnorp & H. L. Crark, 1934, p.
146 [*H. axiologus; OD]. Discoidal form of sub-
circular outline, with posterior apex and some-
what sunken petals; nature of apical system and
oral surface unknown; fascioles not observed: shape
and narrowness of interporiferous zones in petals
make this echinoid very distinctive, but its family
relations are unclear, Tert., Jamaica. Fic. 514,
3. *H. axiologus; 3a,b, aboral side, X1 (177).
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Cestobrissus

Nudobrissus

Fic. 513. Spatangoida, Suborder and Family Uncertain (p. U625, U627).
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2b

Enichaster

Rovasendia

I

Homoeopetalus ‘“’a§

U627

;T‘Lﬂ'

Fic. 514. Spatangoida, Suborder and Family Uncertain (p. U625, U627).

Mazzettia LamBerT & Tuifry, 1915, p. 192 [pro
Manzonia Pomer, 1883, p. 29 (monm BrusiNa,
1870)] [*Maretia pareti Manzont, 1878, p. 158;
OD]. Test low, heart-shaped, with deep frontal
sinus; gonopores 4; only paired ambulacra petaloid,
bearing conjugate pores; petals nearly closed in
some species; anterolateral ambulacra with dis-
tinct phyllodes; tubercles large, fascioles lacking.
[From its general appearance one would tend to
classify this genus as a spatangid or a brissid, but
typical fascioles of these groups are lacking and
the narrow ambulacra in the rear of the test show
that Mazzettia is not closely related to any
echinoid with subanal fascioles. If its structure has
been correctly described it stands apart from other
spatangoids.] Mio., Italy-Sardinia. Fic. 513,4.
*M. pareti (Manzoni); 4ab, aboral, oral, X0.75
(206a).

Niponaster LamserT, 1920, p. 45 [*N. hokkaiden-
sis; OD]. Adorally flat, aborally arched; apical
system ethmophract, gonopores 4; petals long, open,
undifferentiated, Aush; fasciole described as mar-
ginal but may be peripetalous. Amphisternous
plastron places genus among spatangoids, but
family uncertain. U.Cret., Japan.

Nudobrissus Lamsert, 1920, p. 27 [pro Dictyaster
SteFaning, 1908, p. 472 (mon Avrcock & Woob-
Masox, 1896)] [*Pericosmus malatinus MazzeTTr,
1885, p. 13; OD]. Resembles Spatangus (Platy-
spatangus), but with pore pairs of frontal ambula-
crum placed obliquely, and bearing more numer-
ous large tubercles; nature of fascioles uncertain,
Mio., Italy. Fic. 513,5. *N. malatinus (Maz-
zETTI); 5a,b, aboral, oral, X1 (220).

Pusillaster Lamsert, 1920, p. 17 [*P. dalloni;
OD]. Depressed, oval form, with small, flush
petals, anterior pair much longer than posterior
and curiously pointed; nature of apical system and
fascioles not known. [Probably a juvenile, of un-
certain family affinities.] U.Cret.(Maastricht.), N.
Afr.(Alg.). Fic. 513,2. *P. dallonii; 2a, ab-
oral, X 1; 2b, part of petals, enl. (136h).

Royasendia Amacmi, 1901, p. 213 [*R. canavarii;
OD]. Elongate ovate test with flattened oral side,
very small; apical system anterior, with 4 gono-
pores; ambulacra flush, paired ones petaloid;
tuberculation fine, uniform; fascioles not reported;
structure of apical system and plastron unknown.
[May be a juvenile.] U.Eoc., Italy. Fic. 514,2.
*R. canavarii; 2a,b, aboral, lat., X2 (176a).
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SUMMARY OF SPATANGOIDS

The following Table 1 provides a com-
parative survey of main morphological fea-
tures of spatangeid echinoids which have

been described and illustrated and it shows
their relation to the suborders and families
recognized in the Treatise,

TasLe L. Taxonomic Divisions and Morphological Features of Spatangoids

APICAL PRIMARY
Taxa S¥STEM FascioLes SPINES SPECIAL FEATURES
TOXASTERINA
Toxasteridae ethmophract generally none protamphisternous to
none mesamphisternous
HeMIASTERINA
Hemiasteridae ethmophract peripetalous none protamphisternous 10
to ethmolytic mesamphisternouns
Palacostomatidae ethmophract peripetalaus none protamphisternous, pentagonal
to fused peristome with 5 buccal plates
Pericosmidae ethmolytic peripetalous none
+ marginal,
no subanal
Schizasteridae ethmophract generally present mesamphisternous
to ethmolytic peripetalous in few
-+ lateroanal
Acropsidae ethmophracr peripetalous none anterior ambulacrum petaloid,
to ethmolytic paired ambulacra nonpetaloid
MICRASTERINA
Micrasteridae ethmophract subanat none mesamphisternous
to transitional
Brissidae ethmophract peripetalous present ultramphisternous
to ethmolytic + subanal
Spatangidae cthmeolytic subagal present holamphisternous, ant.
ambulacrum nonpetaloid
Loveniidae ethmolytic internal, present ultramphisternous, ant.
peripetalous ambulacrum nonpetaloid
{some}, subanal
{mostly)
ASTEROSTOMATINA
Asterostomatidae cthmolytic various or present ultramphisternous, reduced
none {(mostly} petals, spines, fascioles

By J. WyaTr Durram and Caror D. WaGNER

Order NEOLAMPADOIDA
Philip, 1963

[mo. tranid. et correct, DURHAM & Washis, herein {ex sub-
order Neolampadina Peovie, 1963, p, 7251 [Marericls for this
order prepared by J. Wiarr DusHas and Caror 1. WaoNer]

Ambulacra nonpetaloid, with pores sim-
ple or lacking adapically; incipient floscelle
may be present; apical system tetrabasal or
monobasal; 2 to 4 genital pores. U/ Foc.-Rec.

The seven genera referred to this order
are mostly poorly known and understood.
Seemingly only two of the living species
{ Neolampas rostellara and Tropholampas
loveni) are known from more than one or
two described specimens. Unul recently
(PurLie, 1963) the group had not been re-
ported in the fossil record. The two genera
(Pisolampus Puiie  and  Nowlampas
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Neolampas

U629

Fic. 515. Neolampadidae (p. U630).

PuiLie) occurring as fossils are each repre-
sented by several specimens and thus are
better described than some of the living
species. The affinities of the group were
considered by Mortensen to be with the
Cassiduloida and the two fossil genera sup-
port this conclusion, having moderately
developed phyllodes and traces of bourre-
lets. The lack of petals adapically and nature
of the ambulacral pores suggest that the
group is secondarily specialized from a
cassiduloid ancestry or that it was derived
from an ancestor with poorly developed
bourrelets and petals. The Eocene Piso-
lampas has a monobasal apical system and
thus presumably cannot be ancestral to such
younger genera as Nannolampas with a
tetrabasal apical system.

The living neolampadoids are known
from depths as great as 1,260 m. (Neo-

lampas), although most specimens seem
to have been taken between 135 and 400 m.
The apical system of females in Tropho-
lampas and Anochanus is sunken to form
a marsupium and it has been suggested that
the two specimens on which the genus
Aphanopora is based are actually males of
the species on which the genus Anochanus
is based (known only from females). The
test is generally small (less than 15 mm. in
length) and commonly is less than 10 mm.
The primary spines are short and sparsely
distributed. Tridentate, ophicephalous, and
triphyllous pedicellariae are known. The
spheridia are perradially located, either
singly or in groups.

Family NEOLAMPADIDAE Lambert,
1918
[Neolampadidae Lamsgrr, 1918, p. 12 (34), 40 (62)]
Characters of order. U.Eoc.-Rec.
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Notolampas

Fic. 516. Neolampadidae (p. U630).

Neolampas A. Acassiz, 1869, p. 271 [*N. rostellata;
OD]. Small, ovoid, oral side sunken toward peri-
stome: ambulacra nonpetaloid, pores small ab-
orally, larger orally, incipient phyllode; apical sys-
tem monobasal, 3 genital pores; periproct on
truncated posterior end, may have long anal tube;
peristome round or elongate along anteroposterior
axis, buccal membrane with small calcareous rods;
tubercles perforate and crenulate; bourrelets pres-
ent; tridentate, ophicephalous and triphyllous pedi-
cellariae: spheridia in groups. Rec., Atl.-Medit.
Fic. 515,2. *N. rostellata, Florida Straits; 2a, ab-
oral view, male, X4; 2b, aboral view, female,
%3: 2¢, oral view, X3; 2d, profile view, X3
2e, peristomial area, X8 (Kier, n).

Echinodermata—Echinozoa—Echinoidea

Anochanus Gruse, 1868, p. 178 [*4. sinensis;
OD]. Small, oval; ambulacra apparently with
simple primaries only, nonpetaloid, pore pairs uni-
serial; apical system deeply sunken in the female;
periproct supramarginal; primary spines of em-
bryos arranged in vertical rows. [This poorly
known genus may be based on the females of
Aphanophora.] Rec., China Sea.

Aphanopora e MEryERE, 1902, p. 8 [*4. echino-
brissoides; OD]. Small, ovoid, somewhat concave
orally; ambulacra nonpetaloid, pores very small
aborally, 2 transverse oval depressions in each
ambulacral plate adorally with pore pair in ad-
radial depression; apical system central, 2 genital
pores, 1 hydropore; periproct supramarginal, in
groove; peristome anterior, transversely oval;
ophicephalous and tridentate pedicellariae. Rec.,
Timor-S.Sulu Sea. Fic. 515,3. *A. echinobriss-
oides; 3a, aboral view, X2; 38, profile, X1.3;
3¢, peristomial area, enlarged (208).
Nannolampas MortenseN, 1948, p. 339 [*Neo-
lampas tenera pE MEITERE, 1902, p. 8; OD]. Like
Neolampas except apical system with separate
genital plates, 2 genital pores; no occluded plates
in ambulacra adorally. Ree., Timor.

Notolampas Pumie, 1963, p. 719 [*N. flosculus;
OD]. Test clongate posteriorly; apical system
monobasal, 3 genital pores; ambulacra with single
pores adapically; periproct inframarginal; floscelle
developed, included plates in phyllodes. L.Mio.,
Australia. Fic. 516,2. *N. flosculus; 2a-c, ab-
oral, oral, post. view, X2; 2d, adoral plate ar-
rangement, X 3.5 (142a).

Pisolampas Pure, 1963, p. 718 [*P. concinna;
OD]. Test subhemispherical; apical system mono-
basal, 3 genital pores, ocular plates may be with-
out ocular pores, may not be in contact with
apical disc; ambulacral pores rudimentary or
lacking adapically: periproct supramarginal, at
adapical end of shallow groove; bourrelets faint,
phyllodes present, included plate in 2 posterior
phyllodes. U.Eoc., Australia. Fic. 516,1. *P.
concinna; la-c, oral, post. and aboral views, XZ;
1d, adoral plate arrangement, X 3.5 (142a).
Tropholampas H. L. CLark, 1923, p. 395 [*Catopy-
gus loveni STUDER, 1880, p. 878; OD]. Very small,
subconical aborally, flattened orally; ambulacra
nonpetaloid, pores uniserial adorally, absent ab-
orally, ambulacra somewhat discontinuous with
apical system which is decply sunken in female,
slightly concave in male, with 4 genital pores,
1 hydropore; peristome round, subpentagonal or
elongate oval; periproct on truncated posterior end;
primary spines form hood over marsupium in fe-
males; tridentate, triphyllous, and ophicephalous
pedicellariae; one spheridium in each ambula-
crum., Rec., S.Afr. Fic. 515,1. *T. loveni
(StupERr); la,b, aboral views of female and male,
%2.5; led, oral and profile views, %25 (136f).
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GNATHOSTOMATA or ATELOSTOMATA

Order UNCERTAIN

{Materials for this section prepared by Caxol . WacNer and
J. Wyart Doaitam, University of Culiforniz at Berkeley]

The five following inadequately known
irregular genera have usually been asso-
aiated with the Cassiduloida, but in the re-
stricted definition of this group adopted in
the Treatise, they cannot be assigned to it.
All genera have ambulacra built of simple
primary plates with small pores, lack phyl-
lodes and at most have feebly developed
bourrelets, have terrabasal apical system (or
unknown), in some with complementary
plates. There are faint indications of gill
slits in Loriolella, but none in others. All
lack good indication of lantern, and have a
small peristome.

Desorella CotTeau, 1853, p. 713 [*Hyboclypus
elatus DEsor in Acassiz 1n Desor, 1847, p. 152
S} Cotreat, 1873, p. 333) [=Desoria Corrran,
1855, p. 221, (obj.) (nom WNicorLer, 1842; mec
Grav. 1851)]); Pachydypus Desor, 1858, p. 195
(type, Dysaster semiglobosts Drsor, 1842, p. 18});
Pachyclypens Corteau, 1873, p. 389 (nom. null) .
Medium-sized to large, low-arched aborally, pul-
vinate ora]]y; trivium somewhat separated from
bivium; ambulacral plates all simple primaries,
pores not conjugate, pairs oblique; apical system
central, elongate, 4 genital plates, complemental
plates present; periproct posterior, in groove, may
have series of narrow catenal plates between apical
system and periproct; peristome central, sunken,
slightly oblique, na bourrelets or phyllodes; pri-
mary tubercles perforate, nancrenulate, scrobiculate,
not in vertical scries, | Apical system suggestive
of some Holasterowda.| Jur.( Oxford -Kimmeridg.j,
Eu. Fic. 517,2. *D. elata {Desor), Oxford.,
Eng; 2a,6, aboral, end views, X0.7; 2¢, apical
system, X 1.5 (224).

Galeroclypeus Correav, 1873, p. 360 [*G. peroni;
OD]. Medium-sized, inflated, subconical aborally,
pulvinate orally, outline circular; ambulacra sub-
petaloid, plates all primaries, outer pore slightly
elongate, pores apparently not conjugate; apical
systemn subcentral, complemental plates scparating
posterior ocular plates, 4 genital plates: periproct
supramarginal, in slight groove; peristome slightly

sunken, subdecagonal, no bourrelets;

anterior,

tubercles perforate, crenulate, indistincty scrobi-

culate. M.Jur.fBathon.), Fr. Frc. 517,3. *G.
peroni; 3a, aboral, X0.7; 38, adoral portion of
ambulacrum, enlarged; 3¢, apical system, X 10
(Kicr, n; 275).

Infraclypeus Gavtinier, 1875, p, 23 [*L. rhalebensis,
OD]. Large, aboral side low-arched, oral side
nearly flat, outline round; ambulacra of simple
primaries throughout, porcs small, in oblique pairs,
not conjugate; apical system central, somewhat
clongate, no genital 5; periproct inframarginal,
apparently connected with apical system by series
of small, elongate plates in slight furrow; peri-
stome central, slightly oblique, no branchial slits,
no bourrelets; tubercles small, not in vertical series.
| Apical system suggestive of some Holasteroida.]
M. jur(Bathon.)-U.Jur.(Tithon.), Algeria. Fia.
517.4. *I. thalebensis; 4a-c, aboral, oral, profle,
X 0.75; 4d, adoral portion of ambulacram 1,
10 (Rier, n; 35).

Loriolella Fucivi, 1904, p. 1 [*Cidaris ludoric
MrneaHmng (867, p. 175 OD) [=Psendopygaster
Hawwixs, 1922, p. 213 (wype, P. cos)). Corona
large, low arched, oral side flattcned; ambulacral
plates all simple primaries, pores small, pairs uni-
serial; apical system unknown; periproct large,
oval, on posterior margin; peristome small, cir-
cular, central, branchial slits indistinct; inter-
ampulacral plates each with large single primary
tubercle siuated close to adradial margin; milary
tubercles numerous. L.Jur.(U.Plienshack.), laly-
Tran. Fic. 317,506, *L. ludovici (MeNEGHINT),
Italy; 3a,b, oral, post. views, X1 (136f). Fic.
517,5¢. L. ens (Hawkixs), Iran; part of ambula-
crum 1, enlarged (196¢).

Menopygus Poxter, 1883, p. 52 [*Galeropygns
nodoti Cotreau, 1859, p, 52 OD] [==Pyrinodia
Povrr, 1883, p. 53 (type, Desorella guerangers
Correau, 1862, p. 67; Pyrenodia PomeL, 1883, p.
130 fnom. mdl.}]. Small to medium-sized, out-
line round or slightly ovoid; ambulacra of simple
primary plates, pore zones simple, pores larger
adapicaily; apical system central, four genital
plates, complemental plates; periproct contiguous
with apical system, in deep furrow; peristome
central, somewhat oblique, without branchial slits;
tubercles perforate, crenulate, numerous, not in
vertical series.  Jur.f Bajoc.-Rawrac.j, Fu. Fic.
517,1. *M. nodeti (Correau), Ramrac., Fr.; lu-c,
aboral, oral, lat. views, X1 (36).
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Desorella

Loriclella S5a

Fic. 517. Gnathostomata or Atelostomata, Order Uncertain (p. U631).



Doubtful Genera

DOUBTFUL NOMINAL GENERA
OF ECHINOIDS

Amygdala Gray, 1825, p. 431
spatangoid.

Bathyspatus Pomzr, 1883, p. 39 [Unrccognizable
juvenile schizasterid.]

Brisscides Leske, 1778, p. 29. [ PSpatangeida. ]

Cardiopatagus Posrr, 1883, p. 32, [ Spatangoida.]

Cassis ParxinsoN, 1811 (non Scopoul, 18773, p. 21
(see QuensTeDT, 1874, p. 586). [ FSpatangoida.]

Cataproctus LameerT, 1931, p. 147,

Coenocentrotus CLagk, 1912, p. 348,

Conoclypeus Grav, 1840 (mom. =and.), p. 64
[ *Cassidulaida, Family Galeritidae. ]

Corystus Pomer, 1883, [ ?Cassiduloida.]

Diegocorys Lameear & THIERY, 1925,

Discogalerus QuenstenT, 1873 (nom. nud.), p. 411.
[Cassiduloida, Family Galeritidae.]

Echinobrissus Breynius in Poner, 1583, p. 58.

Echinonaus pe ra Brecug, 1822, p. 42 (nom. van.
pro Echinopygus 0’Orbiony, 1856).

Insuflaster Borciarn in p'Orsicsy, 1854, p. 124

[Unrecognizable

U633
| =Insujulaster  Acassiz, 1872, p. 63 (nom.
nudl 31,

Mecostobrissus Laxeert. 1912, p. 30 | = Nucleolus
vuN Marrens, 1806].
Melobesis Girarp, 1851, p. 364 [=Melebosis

Girarp, 1831, p. 365 (nom. rull}].

Mengaudia LaxerrT, 1917, p. 105,

Neopatagus Sixcuez-Roig, 1953, p. 258, [ ’Spatang-
oida. ]

Nucleolus von Maxrens, 1860, p. 179,

Oligopedia Duncax, 1889, p. 176.

Ova Gray, 1825, p. 431 [=Oswm DE DBramvitrr.
1830, p. 184 (mom. van.}]. [ ¢Spatangoida.’

Pleraster QuenstenT, 1874, p. 666, | ?Spatangoida. ]

Proechinus Cutwor, 1891, p, 644, |Palcozoic non-
cidaroid.}

Spatangus Lrsxe, 1778, p. 230 [=Spatangites
Lesky, 1778, p. 244 (nom. ran.}]. |7Spatang-
oida.]

TFingitanaster Lamisrrr & Tiiry, 1923, p. 603.

Trichaclina Barrois, 1887, p. 1. [ FEchinacea.]

Trichodiadema Acsssiz, 1863, p. 35+, | ‘Diade-

imatacca.
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HOLOTHURIANS

By Dow L. FrizzerL, Harrier EXLINE, and Davib L. Pawson

CONTENTS

PuyLoceny and Evorution oF HoLotaurows (D. L. Pawson) . s,

Hovotauromwea—Fossie REcorn (I L. Frizzell and Harriet Exiine) o

DEFINITION

Class HOLOTHUROIDEA
de Blainville, 1834

[nom. transl. Onyon, 1876, p. 253 (ex ‘order—rank unstated
—_Holothureidea E. D. Wrictir, 1868, p. 652, mom., correcs.
pro order Holathuridea pe BUAINVILLE, P. 188)] [=Fistulides
Lamarcx, 1801; order Cylindroides pe Brainviite, 1822; order
Fistulidac Fremine, 1822, Holatburina Branor, 1533; Scyto-
dermata BurmuisTer, 1837 order Holothuriadae Forprs, 1540,
order Cirrhis Vermigrada Fomses, 18413 Ascidiastella Avsiin
% AusTin, 1842; arder Holathurine MULLER & TROSCHEL, 1842;
arder Holothuridae Gervats in o' Oraiany, 1845; order Holo-
thuriacea DUBEn & Komew, 1846, order Holothurioidea vox
SiesoLp, 1§48; Holorhurida Gray, 1848; Scytactinata Brown,
18601 [Diagnosis prepured by Don L. Frizzsir, HARRET
ExuiNg, & D. L. Pawson. Research on authorship and syn-
onymy of class by H. B, Frew and . W. Dranam ]

Armless, mostly unattached echinederms,
tough leathery body wall containing strong-
ly developed radial and longitudinal mus-
cles, lacking articulated test; body typically
cylindroid, elongated orally-aborally, mouth
located at or near extremity defined as oral
and encircled by ring of tentacles, which are
altered podia in Recent orders but of uncer-
tain homology in Arthrochirotida, anus at or
near opposite end; ambulacral grooves rep-
resented by closed canals; podia variously
disposed along ambulacra, in interambulac-

ral areas, or lacking; single gonad, with or
without external madreporite; symmetry
pentameral, modified by secondary bilateral
symmetry in dorsoventral plane, with bivi-
um on dorsal side formed by € and D rays
and trivium on ventral side formed by E, A,
and B rays. Skeletal elements usually re-
duced to microscopic sclerites of varied
shape and very great number, coalesced
in some to form test of imbricating plates;
pharynx surrounded by calcareous ring
(peripharyngeal crown} composed typically
of 5 radial and 5 interradial picces, but in
Apodida and Arthrochirotida commonly
more than 10; articulated axial skeleton in
tentacles of Arthrochirotida. {Holothurians
are marine, generally benthonic inverre-
hrates that crawl over the substrate or vege-
tation or burrow in sea-bottom mud; rarely
they are sluggish swimmers and may be
pelagic. They are found living art all depths
but are most abundant in warm shallow
waters. The class possibly is polyphyletic,]
?0vd., L.Dev -Rec.

PHYLOGENY AND EVOLUTION OF HOLOTHUROIDS

By Davo L. Pawson

[Smiithsanian Instituticn]

INTRODUCTION

Most echinoderms are well known as fos-
sils, for their calcareous exoskeletons are
readily preserved, but the holothureids are
poorly known in the fossil record. Very few
entire holothurian fossils are known (5),

and according to Mapsen (1956, 1957) sev-
eral Cambrian fossils discovered and de-
scribed by Warcort (1911, 1918) as holo-
thuroids should now be interpreted as coel-
enterates and annelids. However, more re-
cently Leumaxy (1958) and SEenaceHEr
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(1961) have described some unequivocal ho-
lothurians from Lower Devonian shales.
The calcareous deposits of the body wall
{sclerites) of holothuroids have been studied
by micropaleontologists for at least 80 years.
These skeletal elements are known to range
from the Devonian (and possibly Ordovi-
cian} to the present day.

The most thorough work to date on fossil
helothurian sclerites 1s that of DeFLaNDRE-
Ricavp (1953, 1962) and FrrzzerL & Ex-
LiNE (1935). Until recently (2), no serious
attempt has been made to incorporate the
groups of fossil holothurian sclerites into the
classification of present-day forms, despite
the fact that scveral families and even per-
haps genera appear to have become differen-
tiated as far back as the Upper Paleozoic.
At least, some Paleozoic and later sclerites
so closely resemble sclerites of some extant
forms that there is no reason why they can-
not be classified together. For example, cer-
tain Carboniferous wheels may be interpret-
ed as belonging to either the order Elasipo-
dida or the order Apodida (family Chiri-
dotidae). Lattice plates of the Middle Ordo-
vician genus Thuroholia and the Devonian
and later genus Focaudina greatly resemble
those of some extant dendrochirotacean gen-
era. These sclerites are plates composed of
a single layer of calcite, freely perforated;
very similar plates form a test in certain ex-
tant holothuroids.

Maorphological and other evidence points
to a close relationship between holothuroids
and echinoids. The primitive Ordovician
echinoids Aulechinus, Ectinechinus, and Fo-
thuria had a test composed of irregularly ar-
ranged imbricating plates, and it also seems
likely that a similar test of imbricating
plates occurred in early holothuroids. The
discovery of the Helicoplacoidea (3) 1
Lower Cambrian deposits is of special im-
portance, for these earliest known echinozo-
ans had a fusiform body and a plated test.
Unlike echinoids and holothurians, Helrco-
placus had no regularly arranged meridional
ambulacra.

Early hclothurians are believed to have
been plated forms. However, with the pas-
sage of time, the skeletal plates of most holo-
thuroids have tended to become reduced,
and in only a few genera 1s a test retained.
Remarkably, all of the plated genera now
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extant are found in a single subclass, the
Dendrochirotacea (12).

Fuir (4) inferred that the ambulacral
plate system of edrioastercids is possibly
hamelogous with the calcareous ring of ho-
lothuroids, This suggested homology 1s
very striking in the case of the complex cal-
careous ring, such as is found in the genera
Placothuria, Pentadacryla, and others (Fig.
95, 2 34) Feir (4) believes that the cal-
careous ring has arisen as a consequence of
the development of an introvert (a structure
found only in the subelass Dendrochirota-
cca). If the holothurian caleareous ring
does, in tact, represent what was once a se-
ries of ambulacral plates, this would serve to
explain the absence of any evidence of ex-
ternal ambulacral plates in helothuroids, de-
spite the persistence of well-developed radial
water vessels and tube feet in most groups,
and the origin of the complex calcareous
ring. The complex type of calcareous ring,
with long posterior projections, is found 1n
only a small number of genera, and again
all of these genera are members of the
Dendrochirotacea, The simple type of cal-
careous ring, which has short posterior pro-
jections or lacks them completely, has prob-
ably undergone secondary reduction. This
will be discusscd below.

It is possible, then, 1that primitive holo-
thureids may have possessed both a complex
calcareous ring and plates in the body wall.

PLACOTHURIIDAE

[f the assumptions made previously are
correct, then the family Placothunidae
(comprlsmg the single presently known ge-
nus Placothuria) includes the most primi-
tive holothuroids living today (Fig. 92,1,
Members of this family have a plated body
and a very complex calcareous ring (11, pl.

7, 12).
SHAPE OF TENTACLES

Throughout the class Holothureidea the
shape of the tentacles surrounding the
mouth 1s a character employed in separating
major 1axa (at the subclass or order level).
In the subclass Dendrochirotacea, with
which we are primarily concerned here,
two distinct tentacle types are recognizable,
One, the dendrochirote type, is tree-shaped,
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usually richly branched (Fig. 518,2). The
other is dactylochirote {12), that is, simple
finger-shaped or digitate { Fig. 518,1).

So complex a structure as the dendrochi-
rote tentacle could scarcely have arisen de
novo without previous stmpler stages. Such
stages would probably be tentacles resem-
bling relatively unmodified tube feet. Thus
it secms reasonable to regard the gencra
with finger-like tentacles as representing an
earlier grade of differentiation than those
with richly branched tentacles. However,
the finger-like tentacles of extant genera
may well have been secondarily derived
from a dendrochirote type, and it would be
unwise to interpret the extant dactylochi-
rotes as exactly matching the ancestors of
the dendrochirotes.

The Placothuriidae, here regarded as the
most primitive extant holothuroids, have
well-branched tentacles, but it is concluded
that the skeletal morphology supplies evi-
dence in favor of the view that the placo-
thuriids, despite their dendritic tentacles, are
more archaic than any known dactylochirote
family. In a revised classification of the
holothureids (12) the dendrochirotes are
placed before the dactylochirotes, the tenta-
cles of the latter group being regarded as
secondarily simplified. The tentacles of
meolpadid and apodid holothureids may be
similarly interpreted as secondarily simpli-
fied, although no known evidence is avail-
able to support this.

DACTYLOCHIROTE
HOLOTHUROIDS

The order Dactylochirotida includes
three families, Ypsilothuriidae, Vaneyeil-
dae, and Rhopalodinidae, which share some
interesting and important fcatures. The
body of all genera 1s invested in a test of
overlapping or contiguous skeltetal plates ap-
proximately I mm. in diameter; it is usually
U-shaped, with mouth and anus directed
dorsally; the calcareous ring is always sim-
ple, lacking complex posterior processes. In
the Vancyellidae, the body is rclatively flex-
ible and fusiform, but usually assumes a U-
shape, whereas in the Ypsilothuriidae and
Rhopalodinidae the body is rigid. In the
Ypstlothuriidae the mouth and anus are
placed at the ends of short “siphons,” while
in Rhopalodinidae the body is flask-shaped,
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1

2

Fic. 518. Holothureid tentacles (diagram.) (Paw-

sos & Fery, nj. 1. Simple finger-like tentacle of

dactylochirote. 2. Complexly branched tentacle
of dendrochirote.

with mouth and anus close together, at the
top of the “neck.”

DENDROCHIROTE
HOLOTHUROIDS

The presence of large plates in the body
wall is not a character restricted to the dac-
tylochirotes; several dendrochirote taxa are
also characterized by possessing large plates
which form a more or less rigid test over all
or part of the body. Three families, the
Paracucumidae, Placothuriidae, and Psoli-
dae, have such a test. The Paracucumidae
are based on the single Antarctic genus
Paracucumis, which bas a U-shaped plated
body, possesses a simple calcareous ring, and
apparently lacks tube feet. The placothu-
riids also have a U-shaped body, and as
mentioned above, have a complex calcare-
ous ring. The Psolidac comprise specialized
forms, as noted subsequently.

Apart from the taxa discussed above, the
remainder of the dendrochirotes (except for
some little-known species) have small, non-
imbricating skeletal deposits in the body
wall, although some genera (e.g., Pseudoc-
nus) have a rather rigid body, owing to the
presence of great numbers of these deposits.

CALCAREOUS RING

All members of the order Dactylochiro-
tida have a simple calcareous ring, but with-
in the order Dendrochirotida the ring dis-
plays an extraordinary diversity in shape and
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size {Fig. 95,2-8). The work of Hepive &
Panning (1954) on the Phyllophoridae, as
the family formerly was known, demon-
strates admirably the variation in the cal-
careous ring. The subfamilies proposed by
these workers are based chiefly on the struc-
ture of the ring, as also arc the subfamilies
proposed by Panning (1949} in his revision
of the Cucumariidae, as then known. In a
revised classificatton of the Holothuroidea
proposed elsewhere (12), the taxa employed
by Panwing {1949) and Hepive & PanNing
{1954) remain substantially unaltered. If
tentacle numbers are disregarded, the den-
drochirote subfamilies may be arranged as
follows (excluding Paracucumidae, Placo-
thuriidae, and Psolidae, discussed elsewhere
in this chapter):

1. Calcareous ring complex, with paired
or unpaired posterior processes composed of
a mosaic of minute pieces—Thyoninae,
Phyllophorinae, Semperiellinae,

2. Posterior processes entire—Sclerodacty-
linae, Cladolabinae,

3. Posterior processcs
or lacking—Cucumariinae,
Thyonidiinac.

The boundary between the second and
third groups is not clearly defined, and sug-
gests a gradual evolutionary sequence.

rudimentary
Colochirinae,

PSOLID HOLOTHUROIDS

Members of the peculiar family Psolidae
have a body which is partly invested by
plates, with a soft thin ventral sole sharply
defined from the plated dorsal side of the
body (Fig. 94,1). The body commonly is
flattened and limpet-like, and psolids live
firmly attached to a selid substrate by the
tube: feet surrounding the sole. In the genus
Psolus no tube feet occur on the dorsal side
of the body, bur they are present, though
rudimentary, in the related genus Psolidinm.
No psolid is known to possess a complex
calearecus ring. Psolids exhibit strong bilat-
eral symmetry, which is manifest cven in
young stages. Intcrnal anatomy, however,
reflects a former radial symmetry, and it is
probable that the ancestor of the psolids was
a radially symmetrical holothuroid. The sole
has probably developed as a result of reduc-
tian of the calcarcous deposits on the ventral
side of the body, in response to adoption of a
sedentary way of life. The psolids may be
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regarded as pelmatozoan helothuroids;
many other dendrochirotes exhibit this ten-
dency toward a pelmatozoan habit

OTHER HOLOTHURIAN
GROUPS

No special anention has been directed
here to other holothurian assemblages, re-
spectively grouped in the subclass Aspido-
chirotacea {orders Aspidochirotida, Elasipo-
dida) and the subclass Apodacca (orders
Apodida, Molpadiida). Tentacles of the As-
pidochirotacea terminate in an approximate-
ly circular disc. The body is bilaterally sym-
metrical, with dorsal tube feet modified into
papillae or warts (Aspidochirorida) or
clongate sensory processes (Elasipodida).
TrEew (1882) has conjectured on the possi-
ble antiquity of elasipod holothuroids, but
concluded that they do not comprise an an-
cestral stock, being secondarily adapted to
dcep-sea life. The presence of a madreporite
with external opening, not hanging free in
the body cavity, is interpreted as a logical
consequence of the abscnce of respiratory
trees, rather than as a primitive feature.

Molpadiids and apodids have simple digi-
tate or pinnate tentacles. Both usually lack
tube feet entirely. It is probable that their
common characters denote parallel evolurion
and convergence, rather than close relation-
ship. A remarkable feature of some Apodi-
da and Molpadiida is the presence of anchors
and anchor plates in the body wall, those in
one order differing morphologically from
those in the other. In both groups the an-
chors project through the body wall, and
they doubtless serve in the same way as ac-
cessory locomotor organs.

CLASSIFICATION OF
HOLOTHUROIDS

A revised classification of holothuroids is
given briefly below. A formal proposal of
this classification is made elsewhere (12).
An attempt is made here 1o incorporate into
the classification the fossil families diag-
nosed by Frizzerr & Exuine (5) and De-
rLanpre-Ricavn (2). The scheme below
does not differ greatly from that proposed
by Derranpre-Ricaun {(2). As can be seen,
the two classifications can be united enly
when some of the fossi] families are subdi-
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vided. It is hoped that in the future a classt-
Acation satisfactory to both paleontologists
and neontologists will emerge.

Subclasses and Orders of Holothurotds

Class Hor.oTHUROIDEA

Subclass [YENDROCHIROTACEA

Order Dendrochirotida: includes families
Calclamnidae, Priscopedatidae (part}, Stichopin-
dae (Binoculires), Schlumbergeritidae; and extant
families Placothuriidae, Paracucumidae, Psolidae,
Phyllopharidae, Sclerodactylidae, Cucumariidae.

Order Dactylochirotida: includes extant families
Ypsilothuriidae, Vaneyellidac, Rhopalodinidae.

Subclass AsPIDOCHINOTACEA

Order Aspidochirotida: includes fossil families Sti-
chopitidae, (except Binocriites and Calcliguia),
Priscopedatidae {part); and extant families Holo-
thuriidae, Stichopodidae, Synallactidae.

Order Elasipodida: includes fossil families Proto-
caudinidae, Theeliidae (Palacochiridota  pri-
maera); and  extant  families Deimatidae,
Lactmogonidae, Elpidiidae, Psychropatidae,
Pelagothurndae.

Subclass APeDACEA

Order Apodida: includes fossi] families Achistri-
dJae, Synaptitidae. Calcancorilae, Theelidas (ex-
cept Palacochiridota primaeva); and extant fam-
ilies Synapticlae, Chiridotidae, Myriotrochidae.

Order Molpadiida: includes fossil families Stichopi-
tidae (Caleligeda}, Exlinellidae; and extant fam-
ilies Molpadiidae, Caudinidae, Gephyrothuriidae.

Subclass and order UncrrTaiN

Fossil families Etheridgellidae, Calelyridae,

fossil

SUMMARY

Morphological evidence offered by extant
holothuroids, in conjunction with certain
data on fossil forms, indicates that primitive
extant forms were provided with a test
made up of imbricating calcite plates, and
their general structure may have approxi-
mated that of the present-day Dendrechiro-
tacea. The initial body shape may have been
cylindrical, with mouth and anus at oppositc
poles, but independent pelmatozoan and
eleutherozoan lines probably evolved on sev-
eral accasions. Internal skeletal morphology
suggests that the earliest holothuroids were
related in some way to edrioasteroids.
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INTRODUCTION
HISTORICAL RESUME

Complete holothurians are known as fos-
sils from three authenticated occurrences,
two in the tamous lithographic limestone of
Solnhofen {Jurassic} and the other in Low-
er Devonian beds of Germany. Otherwise,
the paleontological record of the class Holo-
thuroidea consists of isolated sclerites, the
calcareous elements of the body wall. Many
workers have contributed data on fossil ho-
lothurian sclerites, but only a few contribu-
tions stand as mileposts in the advancement
of knowledge of the group.

The first sclerite specics was named by
MiNsTER In 1843 (32; Synapra sieboldit}.
Curiously, this specimen is the only synap-
tid-type anchar ever to be recorded from the
Jurassic.

Critical study of fossil holothurian scle-
rites began with an account of British Car-
boniferous lorms by FErnrriocr in 1881
(12), and of French Eocene specimens by
ScHLUmMBERGER in 1888 (39) and 1890 (40).
Both authors described subjective assern-
blages, attempting to relate their 1axa to the
Linnean classification of Recent Holothur-
oidca. ScHLUMEBERGER, however, at the sug-
gestion of TrEEL, proposed the radical inno-
vation of a purely artificial genus.

Attention was again focused on holothu-
rian remains a half century later by the
work of Crongis & McCoryack (6). In a
study of American Carboniferous sclerites,
they presented a summary review and cri-
tique of classification that has strongly influ-
enced the trends of modern micropaleonto-
logical research. Croners later proposed the
“ardo militaris,” a parataxonomic and non-
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Linnean classificatory arrangement intend-
ed for use outside the conventional rules of
zoological nomenclature, that currently
accepted by some European specialists.

Frizzeir & Exime (14) published a
monographic review of fossil holothurian
sclerites tn 1956, including a classification
intended for use in the Treatise. Briefly,
they proposed a dual arrangement: (1) a
series of parataxonomic families, without
ordinal implication, based on isolated scle-
rites; and (2) the Linnean arrangement of
Recent holothurians and complete fossils,
The binomina of the sclerite classification
are subject to the International Code of
Zoological Nomenclature. This system has
been generally accepted, although with some
modification and occasional rejection of its
nomenclatural requirements.

The latest comprehensive taxonomic
treatment of holothurian sclerites, summar-
izing researches carried on in France for
about two decades, was published in 1961
by Desranore-Ricavn (10}. Her mono-
graph follows the pattern of Frizzerr & Ex-
LINE, but within the framework of CronNErs
“ordo militaris,” so that marked differences
in nomenclature have resulted. Moreover,
some different interpretations of the mor-
phology of sclerites have resulted in modi-
fications of the classification.

A major advance was made by Riovrr in
1961 (37), with his detailed zonatien of se-
lected sclerite species of the Jurassic (Lias).
Riourt demenstrated that some holothuri-
an species had remarkably shorr strad-
graphic ranges, and that their sclerites may
he used in practical biostratigraphy,

The latest development in taxonomy of
sclerites is the advent of quantification. Sta-
tistical studies by Hamrron (22,23) and
Carmvt (3) indicate an approach that should
lead to a better understanding of holothu-
rian microfossils and to significant improve-
ment in the taxonomy of the group.

Currently (1963), KrisTan-TOLLMANN 15
studying fossil holothurian remains in
Austria, having contributed notably to
knowledge of the sclerite faunas of hoth
Triassic (30a, 30d) and Miocene (30b) age.

STATUS OF CURRENT KNOWLEDGE

Sclerite assemblages are very incompletely
known, even though the number of nominal
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species has doubled during the decade of
1956-65 (compare Frizzern & Exving, 14,
p. 35-42). Morcover, emphasis has been giv-
en to an exceedingly limited part of the
geologic column.

The fauna of the Jurassic has been rela-
tively well described. A number of its com-
ponents are large and have attracted the at-
tention of paleontologists for a century and
a quarter. Many more, especially the minute
forms requiring special techniques in han-
dling; have been described in the admirable
centributions of DErFLANDRE-Ricaup. Simi-
larly, the conspicuous species of the Carbon-
iferous have interested enough workers for
the fauna to be moderately well recorded.
Unfortunately, little has been published on
the critical pre-Carbonifercus occurrences,
although holothurians are known to have
existed during Devonian time, questionable
sclerites have been reported from Ordovi-
cian strata, and assemblages of the Permo-
triassic have been neglected.

Post-Jurassic holothurian remains, which
generally are very minute and fragile, have
reccived scant notice. Virtually no work
has been done on Cretaceous faunas and
very litde on those of the Cenozoic, al-
though these assemblages are critical in re-
lation to an overall understanding of the
development of the Holothuroidea.

NEEDED RESEARCH

Tremendous opportunities exist for basic
research on fossil holothurian remains. As
with most work on esoteric groups, appli-
cation to the more practical aspects of bio-
stratigraphy is contingent upon the results
of purely scientific investigatien. Classifica-
tion and nomenclature are essential prereg-
uisites to the recording of stratigraphic and
palevecological data, and much mere infor-
mation must be compiled before satisfactory
conclusions may be formulated.

Probably the most rewarding investiga-
tion, in terms of new genera and specics,
would be research on the sclerite assem-
blages of Cretaceous and Cenozotc strata. A
wealth of material, for example, although of
inconspicuous microscopic size, may be
found in the post-Paleozoic shallower-water
deposits of the American Guif and Atlantic
coastal plains and coasts, No doubt the



Cucumaria

3
Rhabdomelgus
Molpadia

5 Pelagothuria /
Flc. 519, Representative Recent holothurians (14,
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same situation is to be found in marginal
marine deposits of other areas.

Of even more importance in relation to
problems of evolution of the Holothuroidea
would be a search for unequivocal sclerites
in Silurian and Ordovician strata. Speci-
mens might be sparse or nonexistent, and
their scparation from embryonic spicules of
other echinoderms difficult, but evidence
from that part of the stratigraphic column
could be critically important. Of only
slightly less worth, relative to taxonomic
preblems, and with abundant material
known to be available, would he an invesu-
gation of assemblages of the Permian.

Refinement of the sclerite classification is
greatly to be desired, but it will become pos-
sible only as the gaps in knowledge of as-
semblages from critical stratigraphic inter-
vals are lessened. Each new discovery, how-
ever, must have a direct bearing on the tax-
onomic arrangement, whether to diminish
apparent discontinuities, to emphasize the
separation of recognized units, or tw intro-
duce new sclerite types into the classifica-
tion.

MORPHOLOGY
GENERAL FEATURES

In external appearance, holothurian echi-
noderms are elongate and typically cylindri-
cal, reaching an adult length of 3 mm. to 5
m. {Fig. 519,1). The larger end of the
body, containing the mouth, usually is
armed with buceal tentacles, and at the oth-
er extremity is the anus. The basic symme-
try is pentameral, with five longitudinal
ambulacral lines extending along the body.
A secondary bilateral symmetry is marked
by the bivium {two ambulacra) above and
the trivium (three ambulacra) below. The
ambulacra typically arc marked by double
rows of pedia, that may comprise tube feet
below and tentacles above. Podia may be
partly or entirely absent, however, and in
some forms are distributed in the interrays.
When relaxed, the body is somewhat soft,
but it is hard and rigid when contracted,
External plates are lacking, except in the
pseudatest of certain groups, the supporting
structures of the body normally consisting
of the extremely numerous, microscopic,
calcarcous sclerites of the body wall.

Departure from the basic pattern of the
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F1e. 520, Morphalogy of a typical helothurian (14, fig. 6, modified from Parker & Hasweli, after Leuckart).

class, in various groups, is marked. Tube
feet are absent in the apodous holothurians
(Fig. 519,2,3), some of which are produced
posteriorly into a taillike appendage. Dor-
soventral flattening has occurred in the
elasopodidans (Fig. 519, 44,4) and an octo-
pus-like tentacular development in the aber-
rant genus Pelugothuria (Fig. 519,5). An-
other developmental trend is toward curva-
ture of the body, resulting from a habit of
burrowing or of semipermanent fixation to
the substratum. In the psolids, this has re-
sulted in migration of the mouth and anus
to the upper surfaces of the body. Curvature
in Rhopalodina reached an extreme, the
mouth and anus being contiguous at the
end of a long neck.

Anpatomical structures are illustrated in
Figure 520, except for omission of the am-
pullae, retractor muscles, and hemal system.
Of major interest to paleontalogists is the
body wall, in which the sclerites are em-
bedded, and the peripharyngeal crown or
calcareous ring (radial and interradial
plates indicated in the diagram). The body
wall consists of three elements: a leathery
external cuticle or epidermis; a layer of con-
nective tissue; and an internal muscle layer,
beneath which is a thin epithelium of platy
cells with vibratile cilia. The connective us-
sue is firm beneath the epidermis, becoming
softer and more gelatinous toward the mus-
cle layer. It contains most of the calcareous
sclerites of the skeletal system.
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Leptosynapta

Fri. 521, Successive stages in development of anchor
andd anchor plate of Leprocynapta inkaerens (Q, F.
MiLLer) (14, hg. 7a-£}).

SKELETAL ELEMENTS

The calcareous ring  (peripharyngeal
crown), surrounding the pharynx, typically
is composed of five radial and five or more
interradial plates, the number ordinarly
corresponding to the number of buccal ten-
tacles. In some forms, the cloacal opening
1s armed with five toothlike anal plates com-
poscd of calcium carbonate. A madreporite,
also calcareous, ts internal and greatly re-
duced in size. By far the greatest number of
skeletal elements, however, ts that of the
sclerites; Hanmpron (20) has estimated a re-
covery of 20,600,000 from a single specimen
of Holothuria impatiens {Forskar),

Sclerites are calcareous bodies of diverse
shape and form. They are highly modified
pacdomorphic structures, comparable in the
adult holothurian to the larval spicules of its
presumably fully plated ancestors. Never-
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theless, they are of functional as well as phy-
letic importance. Some sclerites serve to re-
inforce the body wall, preventing its col-
lapse, in extreme development even forming
a protective armor. Curved rods surround
the podia, overlapping to construct a flexible
but scmirigid appendage, and a sieve plate
at the end of each tube foot supports its suc-
tion disk. In apedous forms, anchors
evolved independently in the Apodida and
Molpadiida. Anchors and wheels, found
in other forms without tube feet, presum-
ably function as tractional devices both for
hurrowing and for clinging to weeds and
other surfaces of the sea bottom. A holo-
thurian may have a single kind of sclerite or
none, but an association of several types is
usual.

Formation of the sclerite, except for sim-
ple rods and the minute grains known as
miliary granules, typically follow a conven-
tional pattern like that of the larval spicules
of crincids, asteroids, echinoids, and ophiur-
oids (Hvman, 1955, 26). A rad is secreted,
at each end of which are formed two
branches at 120 degrees, the rods and arms
constituting the primary cross, With addi-
tional branching and thickening, the form
of a net, plate, or rosette is assumed (Fig.
521). (ther sclerites, especially of the podia,
are modified into simple or curved rods, or
otherwise depart from the prototypical lat-
tice-plate pattern, and growth may proceed
mn a plane other than that of the primary
cross. Some wheels preserve the primary
cross as the internal boundary of four central
perforations. Others (Fig. 522) begin as a
disc, continue to form a multirayed star, and
later develop transverse bars that unite to
make the rim of the wheel.

Fach holothurian sclerite behaves optic-
ally as a single crystal of caleite, as do the
plates of other echinoderms. The position of
the optic axis of this crystal, as determined
with a polarizing microscope, has been con-
sidered to he of taxonomic Importance
{Scumipt, 41). Typically, it is perpendicu-
lar to the plane of the primary cross
{Scumint’s “lattice-plate rule”). Continu-
ing growth in the inital plane leaves the op-
tic axis normal to the plane of the sclerite,
whereas departure from the initial plane re-
sults in an optic axis that is inclined to or
patallel wirh the uliimate plane of the scle-
ritc. Isomorphism in sclerites of relatively
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unrclated holothurians therefore might be
shown by study with polarized light. Two
exceptions to the “lattice-plate rule” have
been recognized. (1) All radially symmetri-
cal sclerites have the optic axis coincident
with the main morphological axis. (2) In
some sclerites, such as the “buckles” of Ho-
lothuria, the optic axis lies in the plane of

FiG. 522. Successive stages in development of Chiri-
dota-type wheel, illustrated by Trochodoia venusia
{Semon) (14, fig. Ba-e).
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Halodeima

Fic. 523. Intraspecific variability of sclerites in

{la-e) Holothurta umbring RUPPELL & LEUCKART

and {2a-k) Halodeima insignis (Lunpwie) (14, hg.
Ga-e, 10a-h).

the primary cross, rather than perpendicular
to it

Hanmpron {20) analyzed chemically the
sclerites of Holothuria impatiens, a circum-
tropical littoral species, finding an appreci-
able amount (3.36 percent) of magnesium.
Farlier workers had demonstrated, in aster-
oul ossicles, a progressive increase in mag-
nesium carbonate content with rise in water
temperature, Hampron therefore suggested
that among holothurians (1) the position of
the optic axis may be related to concentra-
tion of magnesium in the calcite of the scle-
rite, and (2) the crystallographic relation-
ship might be of ecological rather than taxo-
nomic importance.

Variation in form follows several pat-
terns, Diflerences are evident among scle-
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rites of a single type in one individual (Fig.
523,1,2) and in different individuals from
the same population. Similarly, differences
may exist in forms from more or less widely
separated geographic areas. Sclerites vary,
too, with the ontogenetic development of the
individual, those of dissimilar types and in
various parts of the body appearing at differ-
ent times. They may increase in number
and size, or become scarcer and smaller.

Current trends toward quantification have
resulted inevitably in statistical treatment of
holothurian sclerites. Hampron (21} initiat-
ed statistical studies with an analysis of dis-
coidal sclerites from the Jurassic of England.
1n a second paper {22}, a mathematical sep-
aration was given for assemblages of plates
of the Recent Holothuria impatiens and Cu-
cumaria saxicola Brapy & Romertson. Sull
later, Hampron (23) analyzed statistically a
serics of fossit rods from the English Juras-
sic, with a resultant reduction of five nomi-
nal “species” to a single specific-level taxon.
Carint (3) presented an analysis of wheels
from the Middle Pennsylvanian of Qkla-
homa, demonstrating at once a wide range
in variation of number of spokes (6-10) and
a very marked consistency in occurrence of
the medal number (8). These studies, al-
though of unquestioned importance, offer
some reassurance to workers of nonmathe-
matical bent. Quantification gives the ap-
parent objectivity of numerica] expression of
variability, but the systematic results dif-
fer very little from those of conventional
taxonomy.

TERMINOLOGY OF SCLERITES

Conventionally and for sake of simplicity,
holothurian sclerites are designated by the
names of common objects which they resem-
ble {e.g., haoks, anchors, wheels, tables, bas-
kets, spectacles, rods, racquets, ladles, discs,
plates, rosettes). In gencral, morphological
terms are either self-explanatory or defined
in the following glossary. Illustrations are
considered necessary only for hooks (Fig.
524,1a,b), tables (Fig. 524,2a,#), wheels
(Fig. 524,3a,6), anchor plates (Fig. 524,4a,
&), and anchors (Fig. 524,54,8).

Glossary of Morphological Teyms Applied
to Holothurians

anchor, Sclerite in shape of anchor: synaptid-type
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outer side
inmer side

ANCHOR ANCHOR PLATE

Fic. 524. Terminology of holothurian sclerites {14,
fhg. 17-21).

with stock, shank, and 2 ot 3 flukes; molpadiid-
type lacking stock.

anchor plate. Perforate plate, oval, cencavo-convex
or flat, typically with socket at narrow end;
sacket may he single or double, extending across
plate or restricted to onc or bath lateral margins;
holes typically denticulate,

bilaminar. Composcd of 2 recognizable layers.

C-rod. Curved rud, usnally not branching.

crossbar. Bar crossing eve of hook; also 4--shaped
division at center of disc in table.

disc. Tabular component of table; alse discoidal
sclerite (typically imperforate).

eye. Ringlike part of heok, in some partly closed
by one or more crossbars; alse may oceur at end
of rad.

fluke. Recurved component of anchor; 2 or 3 in
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synaptid-type, only 2 in molapadid-type; may be
denticulate.

heok. Sclerite in form of commen hook used in
angling; with cye, shank, and spear.

hub. Cylindrical or hemispherical projection on
central portion of wheel: usually on lower sur-
face of sclerite, but may be on upper surface or
both.

ladle. Sce racquet,

Iyre. Sclerite consisting of central shaft, short neck,
and 2 marginal arms that join shaft at basc and
below neck.

molpadiid type. Referring to sclerites of Recent fam-
ily Molpadiidae; specifically, racquets and stock-
less anchars.

pillars. Tiny rodiike structures, making up spire or
connecting discrete layers: larger and straighter
than trabeculae.

plate. Tubular to concave perforate sclerite of vari-
able shape; usually single layer, although bilami-
nar and multilayered plates occur; socket and
stirrup absent, and holes never denticulate.

pseudospire. Spinelike projection from center of
discaidal sclerite.

racquet, Straight or slightly arched rod with dis-
coidal or elliptical flatened expansion {usually
perforate) at one end {alwrnatively spoon or
ladle).

rim. Quter component of wheel: may be recurved;
usually fangelike, but may be circular in cross
section: inclined to plane of wheel or within it
inncr margin of upper side typically denticulate
or dentate.

rod. Elongate sclerite, circular in cross scction, with
one or more axes.

shank. In hook, part connecting cye and spear: in
anchor, connection between fukes and (where
present) stock.

sieve plate. Circular, subcircular, or pelygonal per-
forate plate, unilaminar.

socket. Straplike bar or complex structure at small
end of anchor plate.

spear, Recurved part of hook,

spire. Rodlike component of table (alternatively
turret).

spoke. Radial component of wheel, connecting cen-
tral portion and rim.

spuon. See racquet.

stirrup. Stirrup-shaped component of table; usually
connecting disc and spirc; attached tw disc by
2, 3, or 4 feet.

stock. Terminal bar of synaptid-type anchor, at 90
degrees to shank; of varying shape, may be finely
denticulate.

synaptid type. Referring to sclerites of Recent family
Synaptidae; specifically, anchor plates and stocked
anchors.

table, Sclerite consisting of disc with central spire at
90 degrees to plane of disc; spire and disc usually
connected by stirrup with 2, 3, or 4 feet; spire
may be reduced or obsolete,
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tetraradiate red. Rod with 4 branches in one plane;
some with 5th branch at 90 degrees to major
plane.

wrabeculae, Tiny rodlike connections between lavers
of sclerite; smaller and less regular than pillars.

turrvet, See spire.

turriform. Tower-like; specifically referring to spire
and disc of table.

wheel. Sclerite 1n form of vehicular wheel, with hub
(usually on lower surface), spokes (typically flat),
and rim; rim wvsually recurved, commonly denti-
culate on inner margin of upper side; central
portion perforate, with indented markings, or
selid and smooth.

COMPLETE FOSSILS

Entire individual holothurians are among
the rarest of fossil invertebrates, only three
species being  known: Palweocucumaria
hunsrueckiana Leamann, from the Lower
Devonian of Germany; and Protholothuria
armate Gieerl and Pseudocaudina brachy-
ura Broiny, both from the Jurassic Solnhofen
Limestone of Germany. Numcrous other
fossils have been incorrectly referred to the
Holothurioidea (Frizzerr & Exvning, 14, p.
30-35; SErLACHER, 42).

Because of their actual or potential bear-
ing on the overall taxonomy of the class,
illustrations and diagnoses of these taxa are
included here,

Order ARTHROCHIROTIDA
Seilacher, 1961

[mom. correge, Frizerin & Exuse, herein {gre Arthrodurca
SumacHer, 1901} |

Holothurians with articulated axial skele-
ton in their tentacles; sclerites stout and im-
perforate. L.Dew.

The order is known with certainty only in
the Devonian, although the cvidence of iso-
lated sclerites indicates that it may have
ranged as high as the Jurassic. The articu-
lated axial skeleton of the tentacles is unlike
any structure known in Recent holothurians.

Family PALAEOCUCUMARIIDAE

Frizzell & Exline, new family

Characters at present coextensive with
those of order, genus, and species. L.Dev.
Palacocucumaria Lruarann, 1938, p. 85 [*P. Anus-

raechiana; ODY. Characters coextensive with those
of type-species, consisting of smuall holothurians
(body length, without tentacles, ca. 20-50 mm.;
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Palaeocucumaria

Fia. 525. Palaeoeucumaria hunsrueckiang LEHMANN
(42, pl. 10, Aig. 2a,3).
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width, 6-18 mm.) without distinctly set-off am-
bulacral areas; sclerites of body wall to 0.3 mm.
diameter, imperforate, in posterior half of body
produced into short spines; widened anterior end
bearing numerous (ca. 20) unbranched tentacles,
cach with calcareous articulated axial skeleton; cal-
careous ring of 5 radials and 10 (or more?) inter-
radials (42, p. 67). L.Dev., Eu.(Ger.). Fia.
525,0,2. *P. hunsrueckiana; 1,2, flattened speci-
mens showing spinose sclerites of body wall and
unbranched tentacles, X2.5, X4 (42). [non
Palacocucumaria FRENTZEN, 1964.]

?Order ASPIDOCHIROTIDA
Brandt, 1835

Body bilaterally symmetrical, dorsal tube
feet modified into papillae or warts. Carb.-
Rec. (sclerites); [ur-Rec. (complete re-
mains).

Family HOLOTHURIIDAE
Ludwig, 1894

Represented by complete and dissociated
remains. [ur-Rec.

Protholothuria Gieser, 1857, p. 388 [*P. armata;
SD FrizzeLL & ExvLivg, herein]. Characters coex-
tensive with those of type-species, described as
“cylindrical, moderately thick, tapering near ends,
dimensions not given: exterior set with tiny (0.5
mm. and less in length) calcareous bodies; cal-
careous bodies of exterior cylindrical and 4-sided
prisms, occasionally with one end strongly thick-
ened, unlike all sclerites described from Jurassics
body lacking tentacles and without trace of longi-
tudinal muscles” (14, p. 31). [The peculiar cal:
careous bodies of the exterior (sclerites?) suggest
that the species might belong to the Arthro-
chirotida, but owing to lack of the tentacles of
GieBEL's specimen, it is impossible to confirm or
reject this conclusion. Protholothuria annulata Gie-
BEL 1s eliminated from the genus because it is con-
sidered to be a sipunculoid worm.] Jur., Eu.(Ger.).

Fic. 526,0. *P. armata; whole specimen,

1 (47).

Order DENDROCHIROTIDA
Brandt, 1835
Represented by dissociated sclerites of

several families but not by complete fossil
remains of any species. Ord.-Rec.

Order APODIDA Brandt, 1835

Represented by dissociated sclerites of
several families but by complete fossils only
by Pseudocaudina. Carb.-Rec.
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Family SYNAPTIDAE
Burmeister, 1837

Pseudocaudina Broivi, 1926, p. 348 [*P. brachyura:
OD] [non Hebine, 1932]. Characters coextensive
with those of type-species. “Body in shape of a
short club, widest near anterior end, posterior one-
third attenuated; length, ca. 13.0 cm., maximum
diameter 5.2 cm., diameter at anterior end, 2.6
cm., diameter of posterior portion, 2.0 c¢m.; ten-
tacles absent and viscera not preserved; skin with-
out sclerites (presumably not preserved)” (14, p. Protholothurio
32). Jur., Eu.(Ger.). Fic. 526,2. *P. brachyura;
entire specimen, X1 (45).

PALEONTOLOGY OF
HOLOTHURIAN SCLERITES

CLASSIFICATION

The philosophy and practice of taxonomy,
as applied to holothurian remains, have been
discussed at length in recent publications
(Frizzerr & Exving, 14; DEerLANDRE-RI-
caup, 10). FrizzerL & ExviNe proposed a
dual classification of fossil Holothuroidea
for use in the T'reatise, namely, (1) entire
specimens placed within the Linnean hier-
archy, and (2) isolated sclerites arranged
within an objective, but almost completely |
artificial familial arrangement that is inde-
pendent of ordinal categories. Both series
were accepted as subject to the International
Code of Zoological Nomenclature. DEFLAN-
pre-Ricaup accepted the sclerite families of
Frizzerr & Exving, adding several others
and numerous genera and species. Her mul-
tiple classification, however, exceeds the du-
ality of earlier arrangements, including (1)
the arrangement of discrete sclerites, specific-
ally excluded from the requirements of the
Code; (2) a set of “taxa,” composed of sub-
jective assemblages of dissimilar sclerites,
subject to the International Code; and (3)
inclusion of both “taxa” and “parataxa”
within the orders of the zoological classifica-
tion (complete fossil holothurians being ig-
nored). Current workers are divided be-
tween adherence to the FrizzeLL & ExLINg
scheme and that of DeFLANDRE-RIGAUD.

The present classification of sclerites is
that of Frizzerr & Exuing, with some addi-
tions and inclusion of modifications by De-

Fic. 526, Holothurians. 1. Protholothuria armata Pseudocaudina
GieBeL, Jur., Ger, (47, pl. 6, fig. 2). 2. Pseirdo-

candinag brachyura BroiLy, Jur., Ger. (45). 2
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rravpre-Ricavn,  Subjective  assemblages
{“taxa” of DerLanpre-Ricaup) are ignored
as being over-speculative. Some differences
in interpretation of sclerite morphology are
to be found in our arrangement, as opposed
to that of DerLanpre-Ricavn. In general,
however, the divergence is a matter of no-
menclature rather than basic taxonomy-

NOMENCLATURE

Stability and uniformity are the objectives
of zoological nomenclature. To realize them,
we treat all binomina of the holothurian
classification according to the Imternational
Code of Zoological Nomenclature, regard-
less of the intention of the authors of those
names. The classificatory arrangement of
sclerite types obviously is parataxonomic.
To understand it, however, demands the
consistent application of names under a gen-
erally accepted set of rules.

We adopt the following nomenclatural
principles in dealing with all taxa based
wheolly or in patt on fossil sclerices. That
confusion is inherent in deviation from these
principles is indicated in the synonymic en-
trics of the section on Systematic Descrip-
tions, below.

(1) All binaminal names that have been validly
proposed arc accepred, subject fo the prin-
ciple of priority, whether considered by their
authors to be taxa or parataxa.

(2) Familial names must be based upon type-
genera and formulated in the conventional
manner.

{3) Type-specimens and type-species are inviolate.
They may not be changed because of revised
concepts for the taxa based upon them.

(4) Names applied to subjective assemblages are
nomenclaturally  coequal with those used
for isolated sclerites. The rules for hom-
onymy, synonymy, and pricrity apply to both
schemes of classification, and a taxon can-
not be recognized simultancously as a single
sclerite type and as a component of an as-
semblage.

EVOLUTIONARY TRENDS

Development of holothurians involved
structurss of the anatomy te a much greater
extent than the calcareous clements of the in-
tegument. Because of the cxtreme rarity of
complete holothurian fossils, the trends of
evolution remain largely a matter for specu-
lation. Limited conclusions, however, may
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be drawn from the morphological and devel-
opmental features of the sclerites.

Except for the miliary granules, the least
complex sclerites are the rod, from which
the primary cross is formed, and the disc
that precedes certain whecls. The primary
cross develops into various buckles, plates,
and quadriperforate wheels. Plates, in turn,
precede tables and buttons, and are modified
by straps and sockets into such complex scle-
rites as the synaptidtype anchor plate.
From unilaminar plates arise those that are
multilaminar, The structural development
of complicated sclerites from the basic cross
is inherent in ontogenetic development and
presumably is of phylogenetic significance as
well,

Some progressive evolutionary trends are
evident within restricted lincages. In the
wheels of the Protocaudinidae, the central
perforations of Protocaudina (Fig. 527,1) of
the Devonian to Pennsylvanian are open.
Those of its Permian to Triassic descendent
Microantyx (Fig. 527,2) are closed. Hooks
of the Achistridae show two developmental
sequences: the eye of Achistrum (Fig. 527,
3} is predominantly simple in earlicr species
(Mississippian), becoming  progressively
crossbarred or irregular in later forms (Jur.-
Cret.). Aduncrum (Fig. 527,4), known
from Triassic and Jurassic strata, shows an
apparently discontinuous change of the posi-
tion of the eye, that structure lying in the
plane of the spear rather than at 90 degrees
to it

Convergence must have played a major
role in evolution of the sclerite, but in gen-
eral it cannot be evaluated from the evidence
of fossils. Dlates, rods, tables, and other
types owe their similarity to an essential de-
velopmental feature in common, origin from
the primary cross. In some cxamples, how-
ever, convergence can be recognized. The
molpadiid-type anchor (Fig. 527,5), lacking
a stock and supported by a group of ladles
rather than a plate (as visible, of course, only
in Recent individuals), is an obvious ana-
logue of the synaptid-type anchor (Fig. 527,
6,7) that is complete with stock and is sup-
ported by an anchor plate (plates of the
Synaptitidac). In another example of con-
vergence, the quadriperforate wheel of the
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Protocaudina-Microantyx lineage (LFig. 527,
7,2} 1s superficially like the generically un-
named wheel of “Protocaudina” mortenseni
(Fig. 527,1d). The latter, however, lacks
the expanded rim of Protocandina and has,
in addition, a stirrup that has not been
found in sclerires of that genus. Cenver-
genee, again, resulted from modification of
the primary cross in different lineages.

Evolutionary progression, in another im-
portant instance, is shown by the ontogeny
of living holothurians: In the Synapudae
of the Apodida, Chiridoralike wheels are
formed during the auricularia larval stage,
later being replaced by the typical anchors
and anchor plates of the adult, The phylo-
genetic importance of this sequence is sup-
ported by the data of chronogenesis: chiri-
dotid-type wheels are known from the Penn-
sylvanian {genus Thallatocanthus), whereas
the earlicst record of synaptid-type sclerites
is from the Jurassic. Similarly, the fully-plat-
cd larva of Cucumaria chronhjelmi THiEL
(Fig 528,1,2) may be taken as evidence for
the existence of an as yet unsubstantiat-
ed ancestral plated holothurian, probably
pre-Devonian and perhaps as early as the
Ordovician.

PALEQECOLOGY

Holothurians live in all seas and a1 all
depths, only seldom entering water of low-
ered salinity, and it may be inferred that an-
cient farms had a similar distribution. They
are most abundant in shallow tropical wart-
ers, becoming much rarer in polar seas.
Their ubiquity, however, did not result in
preservation of holothurian remains at all
depths, and in deeper water were immedi-
ately dissolved upon disintegration of their
containing tissues.

Geologically, the major importance of the
class may bave been in working over the
sediments of the sea floor, with the resultant
destruction of inital stratification. As an
example, it has been estimated that aspido-
chirotidan holothurians, in an area of 1.7
square miles in a sound in the Bermuda re-
gion, pass from 500 to 1,000 tons of sand
through their bodics each year (Crozier,
1918, according to Hyman, 26, p. 212).

7b

Calcancora Colcancoroidea

Fic. 527, Morphological features of holothurian
sclerites {various sources).

Brief accounts of the palececology of holo-
thurians have been published by Frizziin &
Exvine (15) and of their ecology by Dercn-
Many (11) and incidentally by Bruuy (2)
and Darxs (7). Frizzerr and Exting have
given an extended account of helothurian
paleoccology (14, p. 42-45) and ccology (14,
p- 22-30), and Hyman {26, especially p. 207-
218} has included a great deal of important
ccological data,
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21-day larva

Fic. 528. Larval stages (Cucumaria chronhjelm:
Tafer) (14, fig. 15-16). 1. Pentactila: 2.
21-day larva,

STRATIGRAPHIC DISTRIBUTION

The presence of holothurian remains in
Ordovician rocks is not yet certain, although
additional evidence has recently been record-
ed (Reso & WEGNER, 34). Unequivocal ho-
lothurian sclerites first occur in the Devoni-
an, but few of that age have reccived taxo-
nomic treatment. Rapid evolution scems to
have occurred during the Carboniferous and
Jurassic Periods. That conclusion, however,

Echinodermata—Echinozoa—Holothuroidea

may reflect only the greater amount of re-
search that has been applied to the sclerites
of those times.

In general, these microfossils are less suit-
ed to the needs of the biostratigrapher than
to those of the paleozoologist. Their typical
minuteness, fragility, and ecological restric-
tion limit considerably their uscfulness.
Riourr (37), however, found that the larger
sclerites of the Jurassic have practical corre-
lative value, and he zoned the Upper Trias-
sic-Lias (Rhaetian to Toarcian stages) on
the basis of 28 holothurian species,

The geographic ranges of extinct holothu-
rians are largely a matter for speculation, as
sufficient evidence for their establishment
has not yet become available. Restriction to
broad paleozoogeographic provinces may be
postulated, however, with varying lateral ex-
tent and ccological tolerance. Known exam-
ples of trans-Atlantic distribution are: Pro-
tocaudina traguuirit (ETHERIDGE), in the
Lower and Upper Carboniferous of Scotland
and Mississippian to Permian of the central
United States; Eocaudina gutschick: Friz-
zeLL & Fxvine and E. mecormacks I'rizzirn
& Exring, in the Lower Carboniferous of
Scotland and Pennsylvanian of Texas; and
Rigaudites cuvilliers (DEpLaNDRE-RIGAUD),
in the Paleocene of the southern United
States and Focene (Cuisian) of France.

The nominal taxa of sclerites, in strati-
graphic order, are summarized below.

Stratigraphic Occurrence of Holothurian
Sclerizes
PaLrozolc
QrpoviciaN
Calclamnidae
Thuroholia cribriformis GUTSCHICK
T, crinerensis REso & WEGNER
T. croneist GuIscIncr
T. overbrookensis Reso & WEGNER
Other sclerites of possibly holothurian origin,
reported by REso & Wessek (34), have been
compared with those of Mertensenites and Bino-
culites. Their occurrence reinforces interpreta-
tion of the sieve plates of Thurcholia as holo-
thurian remains.
DevaoNiaN
Calclamnidae
Eocaudina bohemica (Pra~nTti)
E. septaforaminalis MARTIN
Etheridgellidae
Palacocucumaria hunsiticchiana LENMANN
Palacoctcumaria hunsrueckiang, based upon a
complete {ossil, is included in this list because
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its sclerites if found alone would be referred
without question to the Etheridgellidac. More
typical sclerites, as yet undescribed (1), include
“ .. sieve plates, wheels, necdles, and a multi-
radiate sclerite.”
Protocaudinidag
Protocanding hexagonaria MARTIN
Carpontrerous {undifferentiated)
Stichopitidae
Tetravirga etheridgel TuizzelL & ExtiNe
T. fordelensis FrizzeLL & ExXLINE
Calclamnidae
Eocauding gutschickt Fruzzr1L & EXLIND
E. mecormacki Frzzrir & ExLiNg
E. scotica FrizZELL & ExtINE
Achistridae
Achistrum nicholsoni E11IERIDGE
Protocaudinidae
Protocanding traquairii (ETHERIDGE}
Paleochiridotidae
Dalecchividota primacva (ETHERIDGE)
P. robertsoni {ETHERIDGE)
MississIPPIAN
Stichopitidae
Parvisping spinosa (FrizzeLL & Exving)
Tetrarirga curie FrizzeLL & ExuINE
Uncinuling angelara FruzzELL & EXLINE
U. arcniate (DEFLANDRE-RiGaup)
Calclamnidae
Focandina cribellum Frizzrie & Exuse
. cribrum Fruzzrin & ExLine
clongata FrizzeLL & Ex1iNE
. marginata (LaNGENIEIM & EP1s)
. mceormack! Prizzrin & bxLine
E. spicata (GUTSCHICK)
Achistridae
Achistrim breve GUTSCHICK
A. frizzelli LancenNHEIM & EPis
A. fudwigi CroNels
A. nichelsoni ETHERIDGT
Protocaudinidae
Microantyx botani GUTSCHICK
Protocauding hannai CRONEIS
P. traguairti (ETHERIDGE)
Paleochiridoticae
Paleochiridota plummerae CRONELS
Rota cam pbelli GurscHick
R. martini LANGENHEIM & EPIs
PENNSYLVANTAN
Stichopitidac
Tetravirga tmperforata FRIzZZEIL & EXLINE
Calclamnidae
Eocauding foydensis SUmMMERSON & CAMPBLLIL
E. getschicki Frizzers & ExvtNe
E. irregularis SUMMERsON & CampBELL
E. mecormack: FrizzeLL & EXLINE
E. wanlessi SUmmMERsON & CAMPBELL
Petropegia radiate SuMMERSON & CaxMPRELL
P. spinosa SUMMERSON & CamMpBELL
Etheridgellidae

oty My
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Etheridgella biconvera Susisersox & CaMprELL
E. porosa CroNEIs
Achistridae
Adchistrum brownmoodense Croxils
A fudaigi CRONELS
Theeliidae
Thallatocanthus consonus Carixi
Thecla? hexaneme SurrErsoN & CaMPEELL
Protocaudinidae
Protocanding Katisasensis {Hanxa)
P. traguairii (ETHRERIDGE)
Paleochiridondae
Paleochiridota plnmmerae CRONEIS
Prratiax
Stchopitidae
Parvisping harpage KORNICKER & IMBRIE
Uneinpling funara KORNICKER & IMBRIE
Achistridae
Achistrum brownwoodense CRONELS
A. pernrianum (SPANDEL)
Theehidae
Protheelia gernitsiana (SPAKDEL)
Protocaudinidae
Microantyy permiang KoRNICKER & IMERIE
Protocandina kansasensis (11anNa)
P. traguatrii (ETHERIDGE)
Musozolc
TRIASSIC
Stichopindac
Rhatrdotites rectas FRIZZELL & EXLINE
Calctammdae
Calclamnoidea canalifera Kr1sTAN-TOLLMANY
Eocandina casstanensis FrizzeLL & ExvINg
L2 cirenmualiate Kristan-ToLLMANS
. enrymarginata KelsTaN-ToLLyaxy
grandis KrisTan-ToLiaaxy
grembeli Frizzyi L & Extive
E. hexagona Kristak-TOLLMANN
E. trema KRisTAR-TorLyax~
Fissobractites subsymmetricas KIISTAR-
ToLLMANN
Mortensenites insclrrns KrisTaN-ToLLAaxy
Achistridae
Adrneram triassicum {Frizzril & ExLINg)
Theeliiclac
Acanthotheelia rhaetica Kristan-ToLLMANN
A. spinosg Frizzror & EXLINE
Theelia agaricifornis KRISTAN-TOLLMANN
T. guembelt KRISTAN-TOLLMANK
T. petasiformis KRISTAN-TOLLMANN
T. pralongiee KrisTan-ToLLraNy
T. rosetta RrisTan-ToLimavs
1. tnbercula KrisTAN-TOLLAMANN
Protocaudinidae
Microantyx antyy (KrisTan-TonLataxy)
Kaliobullitidae
Kaliobullires umbo KrisTAN-TOLLMANN
TTRASSIC
Stichopitidac

t o
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Binoculites irregularis FrizzeLL & EXLINE

B. jurassicus (Samn & BARARAT)

E. perforatus FrizzeLL & Fxuine

B. terquemi Fr1zZELL & EXLINE

Calclignia? ficta DEFLANDRE-RicAUD

C.? jurassica FrizzeLL & ExvLine

C. perforata Fruzzein & Excine

Cucumarites feifell (MoRTENSEN)

Cu. solidus {IDEFLANDRE-RIGAUD)

Ornaticannula bonheure DEFLANDRE-RiGaUD

O. micraleyonarites DEFLANDRE-RIGAUD

0. tesseyrei DEvLaNbRE-RIGAUD

Rhabdotites dovselensis Hopson, Harmis &
Lawson

R. mortenseni DEFLANDRE-RIGAUD

Stichopites mortensent DEFLANDRE-R1GAUD

Uncingling polymorpha TERQUEM

U. subrecta FR1zzELL & EXLINE

U. terguems FR1zzeLL & EXLINE

Calclamnidae
Calclamna germanice FrizzeiL & ExLine
Calclamnelia elliptica (DeFLANDRE-RIGAUD)
C. fragosa DEFLANDRE-RIGAUD
C. jurassica FrizzerL & EXLINE
C. robusia DEFLANDRE-RiGAUD
C. transversa DEFLANDRE-R1GAUD
Calclamnoidea angulate (DEFLANDRE-RIGAUD)
C. collaris {DerLaNDRE-RIGAUD)

C. irvegularis FrizzELL & ExLiNE

C. perforata (FRENTZEN)

C. protens (MORTENSEN)

Costigerites piveteaui DEFLANDRE-R1GAUD

Eocauding ambigua (DEFLANDRE-RIGAUD)
compacta (DEFLANDRE-RiGAUD)

. dentata (DEFLANDRE-RIGAUD)

dentigera (DRFLANDRE-RiGAUD)

diplocoecus (DDEFLANDRE-RIGAUD)

. diversimeata {DEFLANDRE-RIGAUD)

heteropora (DEFLANDRE-RIGAUD)

inflata (DEFLANDRE-RIGAUD)
micropora (DEFLANDRE-RIcauDn)
mortenseni Frizzerr & Exvtine

. migrivaceae (DEFLANDRE-RIcAuD}

patciperforata (DEFLANDRE-RI1GAUD}

. punctifera (DEFLANDRE-R1GAUD)

. radiata (DEFLANDRE-RIGAUD)

robusta (DErLANDRE-RIGAUD)

sparsispinosa (DEFLANDRE-R1GAUD)

squamma (DerLanpre-Ricaun)

. wndata (DerLanpReE-Ricaun)
Mortensenites circularis FrazzerL & ExLive
M. cuneus FrizzvLL & ExLINE
M.? elongarus DEFLANDRE-RIGAUD
M. lrasicus (TFROUEM)

Paracucumarites? anceps IDEFLANDRE-R1GAUD
P. hamiproni DEFLANDRE-RiGaun

P. porosa DEFLANDRE-RIGAUD

Parvioctoidus spinosus DEFLANDRE-RICAUD

Etheridgellidac
Frizzellus irregularis HameToNn

Achistridae

EmbHEEmEEE Ny
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Achistrum bartensteini FR1zzZrLL & EXLINE

A. bathomynum FrizzeLL & EXLINE

A. bichordatum FLrTcHER

A. gamma HopsoN, Harris & LawsoN

A. tssleri CroNEs

A. monochordarom Hovson, Harnis & Lawson

A, trichordatum FLETCHER

Aduncrum cordatum (HaMpror)

Ad.? pilgrimt (FLETCHER)
Priscopedatidae

Priscopedatus aegyptinvcus Sa1p & Bararar

P. affinis DEFLANDRE-RIGAUD

P. dpertus DEFLANDRE-RIGAUD

P. asymmerrictis DEFLANDRE-RIGAUD

P. crux DEFLANDRE-R1GATUD

“P exlineae Sap & Barakar

P.? frizzelli SAID & BaRaKaT

P. gityaderi RiouLr

P, Aeteropornus DEFLANDRE-RiGAUD

P. hystrix DEFLANDRE-RIGAUD

P. normannus DerLanpre-Ricavp

P. plenus DEFLANDRE-RIGAUD

P. prendaffinis Devianore-Ricaud

P. spectabilis DErLasDRE-RIGAUD

P. spinifer DEFLANDRE-R1GAUD

Prisculatrites deflandreae (FrizzeLL & EXLiNg)

Pr. schlumbergeri (DEFLANDRE-R1GAUD)

Pr. triceratium DurLanori-Ricaup

Pr. tricostatus DEyLaNDRE-R1GAUD

Stawrocumites bartensteini DEsLANDRE-R1GAUD
Exlinellidae

Exlinella frizzelli DEFLANDRE-R1GaUD

Pedatopriscus pingues (DerLanpkeE-Ricaun)
Schlumbergeritidae

Schlumbergeriies sievertsaz DEFLANDRE-Ricaun
Theeliidae

Aviricularites arcuatus DEFLANDRE-RIGAUD

A. parviradiatis DEFLANDRE-R1GAUD

Hemisphaeranthos costifera TERQUEM &

BERTHELIN

H. sieboldi (Scnwacer)

H. terquemi (DEFLANDRE-RIGAUD)

Micradites incertnis DEFLANDRE-R1cAUD

Stueria bajocica {KAPTARENKO-CHERNOUSAOVA)

8, carpenteri {MooRE}

§. helvesica (ZwinoLl & KisLFR)

8. malmensis (FruzzerL & ExXLINE)

S. novosundgarica (KAPTARENKO-

CIERNOUSOVA)

8. oreli (KAPTARENKO-CHERNOUSOVA )

8. sumariea (KarTakenKo-CHERNOUSOVA)

Theella angnlata (DEYLANDRE-RIGAUD)

T. atava (WAAGEN)

T. clavata {DeEFLANDRE-R1GAUD)

T. convexa (WHIDBORNE)

T. crassidenirata (DEFLANDRE-RiGAUD)

T. florealis {FRENTZEN)

T. florida (TERQUEM & BERTHELIN)

T. hepralampra (BARTENSTEIN)

T. mortensen (DEFLANDRE-RIGAUD)

T.? guinguelobata (‘TERQUEM)
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T. rigandae {RiourT)
T. sinaiensis SAID & BARAKAT
T. speciosa (DEFLANDRE-RIGAUD)
T. vetusta (SCHWAGER)
T. wessexensis HopsoN, Harrls & Lawson
Protecaudinidae?
“Protocandina’ mortenseni DEFLANDRE-RIGAUD
“P pauctspinosa DEFLANDRE-RIGAUD
Synaptitidae
Amphitriodites insignis DEFLANDRE-RIGAUD
Sclevothurites clyperis DeEFLANDRE-RIGAUD
Spandelites arcuieaties DEFLANDRE-RIGAUD
$. irregudaris (DEFLANDRE-RIGATD)
S. lehimanni DEFLANDRE-RIGAUD
Calcancoridac
Calcancora sieholdii {MiiNsTER)
CRFTACEQUS
Calclamnidae
Eocauding inaequipora (A. H. MULLER)
E. lobata (A. H. MCLLER)
E. multipora (A, H. MELLER)
Achistridae
Achistrum huckes (FrizzriL & ExLINE}
Thecliidae
Hemisphaeranthos simplex A. H, MULLER
Stueria frankei (O, MOLLER)
Theelia rara {A. H, MULLER)
T. rotula (EccER)
T. venusta (A, H, MULLER)
Synaptitidae
Rigaudites plummerae FrizzeiL & ExLive
R. spinosus FrizzerL & ExLive
R. taflall FrizzeLL & ExLINE
Cenozolc
PALEOCENE
Synaptitidae
Rigaudites cueilliers {DEFLANDRE-RIGAUD)
Calcancoridae
Calcancora beurlent Tinoco
kocenx
Calclarnnidae
Calclamnella irregularis (SCHLLUMBERGER)
. margaritalad (SCHLUMBERGER)
Calclamnoidea inaequalis (SCHLUMBLERGER }

Eocaudina? schiumbergeri (DErLANDRE-RICAUD)

Priscopedatidae
Priscopedatus anceps SCHLUMBERGER
P. aspergilltim SCHLUMBERGER
P. corolla SCHLUMBERGER
P. erasstts SCHLUMBERGER
P. eribelltitn SCHLUMBERGER
P. echinatus SCHLUMBERGER
P. eiffeli SCHLUMBERGER
P mudriforis SCHIUMBERCER
P. normaeni SCHLUMBERCER
P. propingrnns SCHLUMBERGER
P. pyramidalis SCHLUMBERGFR
Theelitdae
Theelia corviculiom {SCIILUMBERGER)
T, deflandreae Frizzril & EXLINE
T.ingens (Jostua)

T. lanceolata (SCHLUMBERGER)
T. undulate (SCHLUMBERGER)
Stueria elegans SCHLUMBERGER
S. operculum (SCHLUMBERGER)
Synaptitidae
Croneisites lnevigatus (SCHLUMBERGER)
Rigaudites bastropanus FRIzZELL & ExLINE
R. curvillieri (DerranpRE-RIGAUD)
Synaptites civcularis { SCHLUMBERGER)
§. eocoentts (SCHLUMBERGER)
S. renifer {SCHLUMBERGER)
S. stwert {SCHLUMBERGER)
S. truncatus (SCHLUMBERGER )
Calcancoridae
Calcancora chaussiensts FrizzeLL & ExLINE
C. cnptllieri DEFLANDRE-RiGAUD
C. gallica FrizzeLL & ExLINE
OLIGOCENE
Stichopiudae
Calclignla elgeri DEFLANDRE-R1GAUD
Calclamnidae
Calelamna fusiformis DEFLANDRE-RiGAUD
Elgertzs innienensis DEFLANDRE-Ri1GAUD
E. ostrea DEFLANDRE-RIGAUD
Eocaudinag holsatice {DrrLanprE-Ricaun)
E. scabra (DEFLANDRE-RiGAUD)
E. speciosa (DEFLANDRE-RIGAUD)
Priscopedatidae
Dictyothurites corbisema DirLandRE-RiGaUD
D. spatuliger DEFLANDRE-RIGAUD
Priscopedatus conspieties DEFLANDRE-RiGatUD
Theeliidae
Stueria intercessa {DEFLANDRE-Ricatp)
S. mirabilis (DEFLANDRE-RIGAUD)
8. tndosa (DEFLANDRE-RIGAUD)
Synaptitidae
Cronelsites oligocaenicts {SPANDEL)
Rigandites ctnninghami (DEFLANDRE-R1GAUD)
Calcancoridae
Culcancora misiissippiensis FrizzeLL & Exiive
Calcancoroidea spandeli Frizzerl & ExLINE
C. trifida FrazzsLL & EXLINE
Calcancorellidae
Calcancorella spectabilis (DerLaNprE-RIGAUD }
MioCcERKE
Stichopitidae
Parvisping subsymmetrica (KrisTAN-ToOLLAAN N}
Calclamnidae
Calclamnoidea goniatg Krastan-ToLLmany
C. medioangtista KristaN-TOLLMANN
€. ocellata KrisTaN-TOLLMANN
. spania KuusTan-ToLLmMans
Locaudina kuepperi (DEFLANDRE-RIGAUD)
E. subtrigonalis KrisTan-TnLLMANN
E. tortonieasis {DEFLARDRE-RiGaun)
Mortensenites hemisphaericus KRISTAN-
ToLLMaNN
M. reticaslatus KRISTAN-TOLLMANN
Pachopsites anndatiis Kristan-Torlaawy
Alexandritidae
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Alexandrites wle vandri KnisTan-ToLLMany
Theeliidae

Theelia eisenstadtensis KRIsTAN-TOLLMANN

T. muellendorfensis Kristan-ToLLMANN
Synaptitidae

Cronefsites incrasiatns Kristax-ToLLMANN

C.oinsignis KRIsTAN-ToOLLMANN

Syraptites aspii KRISTAN-TOLLMANN

Synaptites anstriacus (Derianore-Ricatn)

S. pappi (DEFLANDRE-RIGALD)
Calcancoridae

Calcancora arduohamata Kristan-ToLLMany

SYSTEMATIC DESCRIPTIONS

Family STICHOPITIDAE Frizzell &
Exline, 1956

[ =Rbibderotiformidac DerLavore-Ricavn, 1961 ]

Rods (including spoons, ladles, and rac-
quets), single or muitiradiate, solid or per-
forate, simple or with one or both ends mod-
ihed. Card.-Pleist.

Stichopites Dervavpre-Ricavp, 1933, p. 6 [*S.
mortenseni; OD]. Simple, swraight or shghiy
angular reds, without terminal discs or knobs, not
spinose, Jur.-Pletst., Eu-Egypt. Fic. 529.2. *S.
mortensent, Jur., Ger.; 2a-c, all X20 (14).
| =Prostichnpus FRENTZEN, 1964,

Binoculites IDerLanpre-Ricaup, 1932, p. 5 [*B.
terquemis OD]. Simple, straight or slightly arched
reds, ¢ye or Hattened perforate disc at each cnd.
Jur., Eu.-Egvpt. Fic. 52934, *B. terguemui,
Ger.; x40 (14). Fie. 929,35, B. issler
DErFLANDRE-RIGAUD, Ger.; X40 (14). [=Cueu-
mariopsis FRENTZEN, 1964.]

Caleligula Frizzrri & Extive, 1956, p. 70 [*C.
perforata;  OD]  [=Molpadioites TDEFLANDRE-
Ricavp, 1961 {partim)]. Racquets, spoons, and
ladles (molpadiid type}; simple rods with single
terminal disc, which is variously perforate. Jur.-
Pleist., Eu.-Egypt Fie. 529.6a. C. elgeri DE-
rrLanpre-Ricatn, Oligo, Ger,; X40 {9)——Fi.
529,65, *C. perforata, Jur., Ger.; X50 (14).

Cucumarites DDerrLanpre-Ricave, 1992, p. 5 [*Cx-
cimarta jeifeli MorTENSEN, 1937, p. 5; OD] [#non
Dervanpre-Ricavp, 1949 (mom. nwd.); De-
rLanprE-Ricaun (1948), 1961, p. 53 (type, Eo-
cauding mortenseni Frizzerr & Exvive, 1936, p.
883 [=Ornaticannuia DEFLANDRE-Ricaun, 1961,
p. 44 (partim}]. Tri- and muluradiate rods, fur.-
Pleist., Eu. T, 529,8a. *C. feifeli {MoRTEN-
seny, Jur, Gery X500 (14). Fre. 529,85, C.
solidus  {DerLanDRe-Ricaun), Jur, Fr.p X400
(14). | =Procuctimaria FRENTZEN, 1964.]

Ornaticannula Dervavorie-Ricavo, 1961, p. 44
| *O. bonkeurei; OD]. Angular C-rods with spines
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Parvispina ?b !
Stichopites
2 Binoculites
Uncmulma

4b
Rhakdotites

Cucumarites

Cclchgula
““\

.-
Ormaticannula 7 ’\N

Tetravirga I

F1c. 529, Stichopitidae (p. U662-L7664).

/{
/

Fic. 529,7. *

and branches, Jur.-Pleist., Eu.
hunhewrer, Jur., Fr.; X170 (10},

Parvispina Kornicker & Imprie, 1958, p. 94
| *Stichopites spinosus FrizzeiL & Exnive, 1936,
p. 61; OD], Straight, tapering, spinose rods. Miss.-
Mio,, N.Am.-Eu. Fic. 329,I. *P. spinesa
(FrizzrLl & Exuise), Miss, USA(NL}; X25
(14,

Rhabdotites Dervaxore-Ricavn, 1952, p. 9 [*R.
muortenseni; OD]  [=Chiridotella DErLanoRE-
Ricatp, 1961, p. 36 (partimi)). Simple or branch-
ing, straight or slightly arched rods; ends knobbed.
Trias-Pleist., Fu. Fie. 5294a. *R. morten-
sent, Jur.,, Ger.; X235 {14). Fig, 329,46, R.
dorsetensis 1lovson, Harris & Lawson, Jur., Eng.;
*30 (25). Fic. 5294c. R. bifidus Fobsoxn,
Harris & Lawson, Jur, Eng; X30 (25).
[=Chirobacuins Frentzen, 1964.]
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Tetravirga Frizzerr & Exving, 1956, p. 73 [*T. (Tex.); X25 (14). Fic. 529,95, T. etheridgei
imperforata; OD]. Rods with 4 arms in single FrizzerL & Exuing, L.Carb., Scot.; X? (14).

plane at 90 degrees. L.Carb.-Penn., N.Am.-Eu.  Uncinulina Terguem, 1862, p. 433 [*U. poly-
Fic. 529,9a. *T. imperforata, Penn., USA morpha; OD] [=Ambulacrites Riourt, 1960].

g :
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Parvioctoidus 3a
Eocaudina 4d [
4c

Calclamnella

Elgerius il ”
Petropegia Thurohelia

Fic. 530. Calclamnidae (p. U664-U665).
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Etheridgella

Calelyra

Frizzellus

Fic. 531. Etheridgellidae (1,2); Calclyridae (3)
(p. U665-U666).

C-rods unornamented, consistently arched or bent;
ends simple and tapering. Carb.-Pleist.,, N.Am.-
Eu. Fic. 529,54, *U. polymorpha, Jur., Fr;
25 (14). Fic. 529,5b. U. terguemi FrizzeLL
& ExLINE, Jur.,, Fr.; X25 (14).

CALCLAMNIDAE Frizzell &
Exline, 1956

[ =Platanchoriformidae Derranpre-Ri6aUD, 1952 (partim);
Pachopsitidae KriSTAN-TOLLMANN |

Perforate plates, usually thin, rarely mul-
tilayered, flat or concavo-convex, shape vari-
able, outline commonly indefinite; perfora-
tions not denticulate; lacking socket, strap or
spire. ?Ord., Dev.-Pleist.

Calclamna Frizzeril & Exvive, 1956, p. 76 [*C.
germanica; OD]. Bilaterally symmetrical broad
plates; hole pattern cruciform of more than 2
holes. Jur., Eu.-Egypt. Fic. 530,I. *C. ger-
manica, Jur, Ger.; lab, X40 (14). [=Cibrum
FrentzEN, 1964.]

Calclamnella Frizzere & Exving, 1956, p. 77
[#Priscopedatus irregularis ScHLUMEBERGER, 1890,
p. 199; OD]. Elongate perforate plates with holes
in 2 rows. Jur.-Pleist., Eu. Fic. 5304a,b,. *C.

Family

wrregularis  (ScHLUMBERGER), Eoc.,, Fr.; X200
(14). Fic. 530.4c. C. transversa DEFLANDRE-
Ricaup, Jur., Fr.; X265 (10). Frc. 530,44.

C. fusiformis DEerFLANDRE-Ricaup, Oligo., Ger.;
X105 (9).

Calclamnoidea Frizzeir & Exving, 1956, p. 79
(emend. DEFLANDRE-RiGaUD, 1961, p. 50) [*Pri-
scopedatus collaris DEFLANDRE-Ricaup, 1946, p.
514; OD]. Perforate plates in form of collar,
with broad central space susceptible to closure.

Echinodermata—Echinozoa—Holothuroidea

Trias.-Pleist., Eu. Fic. 530,6. *C. collaris
(DeFLanDRE-RiGAUD), Jur,, Fr; X400 (10).
[=Palacocucumaria FRENTZEN, 1964.]

Costigerites DerLaNDRE-RicauD, 1961, p. 54 [*C.
piveteaui; OD]. Elongate perforate plates with
sides essentially parallel, ornamented with pustules
or bosses; holes in 2 or more rows, Jur.-Eoc., Eu.

Frc. 530,5. *C. piveteaui, Jur., Fr.; X400
(10).

Elgerius DerLanpre-Ricavp, 1959, p. 192 [*E.
ostreq; OD]. Concavo-convex perforate plates, out-
line rounded and entire, central part with single
layer, peripheral zone double. Oligo., Eu. Fic.
530,10. *E. ostrea, Ger.; X160 (9).

Eocaudina MarTin, 1952, p. 729 [*E. septafora-
minalis; OD] [=Cucumarites DEFLANDRE-RIGAUD,
(1948), 1961 (non Derranpre-Ricaup, 1952);
Thuroholia avctT. (partim) (nmon GUTSCHICK,
1954)]. Sieve plates (except Ordovician), circular
to hexagonal or irregular, not multilayered. Dew.-
Pleist., Eu.-Egypt-N.Am. Fic. 530,32. *E.
septaforaminalis, Dev., USA(lowa); X60 (14).

Fi6. 530,3b. E. gutschicki FrizzeLL & EXLINE,
Penn., USA(Tex.); X45 (14).

Fissobractites Kristan-ToLimann, 1963, p. 375
[*F. subsymmetricus; OD]. Subcircular disc with
numerous radially elongate perforations; 4 major
holes at 90° position; stirrup and spire lacking.
Trias., Eu.(Aus.). Fic. 531A,2. *F. subsym-
metricus; X 82.5 (30c).

Mortensenites DErLaxpRE-Ricaup, 1952, p. 7
[*Gromia lasica Trrouem, 1866, p. 402 (=M.
sievertsi); OD]. Multilayered perforate plates with
variable outline. Trigs.-Mio., Eu. Fie. 530,7.
*M. liasicus (Terouem), Ger.; X 95 (14).

Pachopsites Kristan-ToLimany, 1964, p. 94 [*P.
annulatus; OD]. Subelliptical perforate plates, with
large eccentric hole; rim of hole thickened. Mio.,
Eu.(Aus.). Fic. 531B,1. *P. annulatus; 3130
(30b).

Paracucumarites DEFLANDRE-Ricauvp, 1961, p. 67
[*P. hamptoni; OD]. Perforate plates of 2 layers;
2nd layer occupying central part, in some extend-
ing to periphery. jur., Eu. Fic. 530,8. *P.
hamptoni, Fr.; 8ab, views of same specimen;
400 (10).

Parvioctoidus DerraNDprE-Ricaup, 1961, p. 54 [*P.
spinosus; OD]. Flat lamellar sclerites, outline
irregular; with 2 holes of very different size. Jur.,
Eu. Fic. 530,2. *P. spinosus, Fr.; X265 (10).

Petropegia SummersoN & CampreLr, 1938, p. 966
[*P. radiata; OD]. Sieve plates with peripheral
spines, in some forms spines terminate radial ridges
across sclerite, Penn., N.Am, Fic. 530,11, *P.
radiara, USA(Ky.); X 16 (43).

Thuroholia Gurscrick, 1954, p. 827 [*T. croneisi;
OD]. Sieve plates of Ordovician only; questionably
holothurian.  Ord., N.Am. Fic. 530,94, *T.
cromeisi, USA(IIL); 40 (14). Fic. 533,95.
T. eribriformis Gurscuick, USA(IIL); X80 (14).
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Fissobractites

Fic. 531A. Caiclamnidae (2 }; Kaliobullitidae (1)
(p. 664, U670).

Family ETHERIDGELLIDAE Frizzell &
Exline, 1956

Thickened, imperforate discs, angular to
subcircular, with low to very high central
pseudospire in some forms; surface granu-
lar. Deg.-fur.

Etheridgella Croness, 1932, p. 144 [*E. porosa;
OD]. Biconvex; pseudospire low or absent; mar-
gin smooth. Penn., N.AmM. Fre. 331,1. *E,
porasa, USA(Tex.): X25 (14).

Frizzelles Haserox, 1958, p. 309 [*E. irvegularis;
OD]. Flat w0 concava-convex, margin denticulate.
Trias.-Jur., Eu. Fic. 531,2. *F. ifrregularis,
Lng.; X835 (21).

Palacocucumaria LEnmanw, 1958, p. 85 [*P. huns-
rueckiana, OD]. Sclerites strongly dimorphic: in
anterior  part of animal circular to subcircular,
strongly inflated, without pscudospire; posterior
sclerites with very long spinelike pscudnspire; iso-
lated sclerites probably should be described as
individual species of Erheridgella, L.Dew., Eu.

Family ACHISTRIDAE Frizzell &
Exline, 1956

f = Plutanchoriformidic  Derrawnre-Rucaun, 1652 fpariim);

Ackisteulidae Treroanore-Rigavn, 1961]

Hooks with eye, shank, and spear. Card.-
Cret.
Achistrum Etnzmipce, 1881, p. 194 [*4. nichol-

U665
sont; ODY] [=dAneisrams Bataer, 1900 (non
Mavras, 1883); Cancellrum Hampron, |958;
Spinram Hamperon, 1958,  Ackistrulum De-

rFLANDRE-Ricaup, 1961]. Eye at 90 degrees to
plane of spear, rim entire; eye open or crossed by
simple or bifurcating crossbars, Carb.-Crer., Fu.-
Egypt-N.Am. Fic. 527,3a. *A4. nicholsoni, L.
Carb., Scor; X? (l4). Fic. 327,36, A. bi-
chordatum FLETCHER, Jur., Eng.; %30 (13).
Fic. 537,3¢c. 4. tichordatum Frercuer, Jur.,
Eng.; x30 (13).

Aduncrum Hamprox, 1958, p. 76 [*Achistram
cordatnm Hasprox, 1957, p, 509; OD]. Eye in
planc of spear; rim of eye not entire, in some
composed of 2 small, recurved, hooklike processes.
Trias.-Jur., Eu. Fie. 5274. *A. cordatum
(Hampron}, Jur, Eng.; X35 (19).

Family CALCLYRIDAE Frizzell & Exline,
1936

Lyres comprising sclerites with central
shaft and neck, 2 marginal arms joining
neck and base of shaft; questionably halo-
thurian. Penn.-Perm.

Caiclyra Frizzerr & Lxuive, 1956, p, 99 [*Prosyn-
apte eiseliang Spanper, 1898, p, 44; QD] [=Pro-
synapta SPANDEL, 1898 (nom Cuénor, 1891)].
Diagnosis as for family. Pean.-Persm., N.Am.-Eu.

Fic. 531,3. *C. eiseliana (Spanper), Perm.,

Ger.: X195 (14).

Alexandrites

Fic. 531B. Calclamnidae ¢ 1); Alexandritidae (2)
(p. U664, U668).
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Fic. 532, Priscopedatidae (1,3-5); Exlinellidae (7-8); Schlumbergeritidae (2,6) {p. U666-L667).

Family PRISCOPEDATIDAE Frizzell &
Exline, 1956
"="lurrifermidae Drpranore-Ricavo, 1952]

Tables with perforate disc and central
spire or stirrup or both; holes not denticu-
late. Jur.-Pleisz.
Priscopedatus ScaLumBercer, 1890, p. 192 [*P.
pyramidalls ScHLUMBERGER: SD Frizzeri & Ex-
LINE, 1956, p. 101], Tables or turriform sclerites,
with crossbar or stirrup of 4 branches mounted
above large opening or making 4 perforations;
with or without spire or turret with 4 pillars
rising from dise; spire smooth, spiny, or with
costae; outline of disc circular, subcircular, or
polygonal, border smooth, undulating or of in-
verted scallops; holes circular, cliiptical, or poly-
gonal. fur-Plesst., Bu-Egypt-N.Am. Fis. 932,
1. *P. pyramidalis, Eoc., Fr.; lab, basal and ob-
lique views; X180 (14).

Dictyothurites DEerLaxpre-Ricavn, 1959, p. 193
[*D. corbisema; ODY], Disc an open trefoil, 3
bosses at center representing spire. Oligo.-Pleist.,
Eu~——Fis. 532,3. *D. corbisema, Oligo,, Ger.;
Ja, X 105; 35, X265 (9).

Prisculatrites Dervanpre-Ricavp, 1961, p. 80
| *Priscopedatus schlumbergeri DerLanpre-Ricavp,
1946, p. 504; OD]. Tables or turriform sclerites
with strrup of 3 branches arising between 3
central perforations of disc, spire present in some;
outline of disc subcircular, elliptical, or polygonal;
margin smooth, undulating, er irregular; single-

layered except in P, triceratinm IDEFLANDRE-
Ricaun, Jur.-Pleiss., Eu. T, 5324, *p.
sehlumberger:  (DEFLANDRE-Ricaup), Jur., Fr;
*x400 (10).

Staurocumites DEFLANDRE-Ricaup, 1952, p. 6 [*S.
bartensierni; OD), Disc an open quatrefoil; spire
shart, with 4-footed stirrup. Jur., Eu. Fie, 532,
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5. *S. bartensterni, Ger; X50 (I4). [=Crux
FrENTZEN, 1964.]

Family EXLINELLIDAE Deflandre-
Rigaud, 1961

Sclerite lenticular, bilaminar; discrepantly
perforate upper and lower surfaces fused at
periphery, joined within by trabeculae or pil-
lars. [The family includes 2 monotypic gen-
era. Generic definitions therefore may be
subject to revision with discovery of other
species.] Jur-Pleist.

Exlinella Deriavore-Rigave, 1961, p, 81 [*H.
frizzelli; QD). Periphery smooth: 3 central holes
on one surface and 4 on other surface. Jrr.-Pleist,,
Eu. Fic. 532,8. *L. frizzelli, Jur., Fr.; 8ab,
both sides of holotype; X400 (10).

Pedatopriscus DerFLanpRe-Ricavp, 1961, p. 85
| *Prescopedatus pinguts DEFLANDRE-RiGaup, 1946;
OD]. Outhing irregular; single central hole on one
surface and 4 on other surface. Jur.-Pleist., Eu.

Fii, 532,7. *P. pinguis {DEFLANDRE-RICAUD),

Jur,, Fr; 7a.f, views of paratype; X400 (10).

Family SCHLUMBERGERITIDAE
Deflandre-Rigaud, 1961

Bilaminar or very irregularly muldiami-
nar perforate sclerites. [The family includes
2 monotypic genera, and may be composite. |
Jur.

Schlumbergerites DerLanprE-Ricavn, 1961, p. 87
[*S. sievertsqe; OD). Very irregularly perforate,
with double or triple layer at least in part: per-
forations numerous, large in central part, smaller
toward edges, but irregular. Jur,, Eu. Fie. 532,
. *5. sieverisae, Tr.; 6ab, views of holotype;
400 (107,

Amphitriodites DrrLanpre-Ricaup, 1961, p. 93
[*4. insignis; OD]. Regularly perforate; 2 layers
united by short trabeculae, opposingly miangular;
margins not entirely connected, Jur,, Eu, Fic.
332,2. *A. insignis, Fr.; 2ab, views of holotype;
X400 {10).

Family ALEXANDRITIDAE
Kristan-Tollmann, 1964

Muluilayered concave-convex perforate
plates, angularly pyriform, strongly curved;
small end thickened, thickening continuing
as raised ridge across concave side of plate.
Mio.,

Alexandrites Krisran-ToLimary, 1964, p. 95 [*4.
alexandri; OD]. Diagnosis as for family. Mio.,
Eu.(Aus.}. Firc. 531B,2. *A. alexandri; 2ab,
convex surface and lateral view; X130 (30b), Frc. 533. Theeliidae (p. U668).

2,

Micradites Thallatocanthus
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Family THEELIIDAE Frizzell & Exline,
1956

| =Rotilormidae DerLaxnre-Kicauvn, 1952; Chiridetitidae Di-

FLaNDRE-R1GaTD, 1957 (som. correc. DEvLaspre-Ricavn, 1961,

pro Chiridoritesidae); Rhabdorotiformidae DerLawpr-Ricaun,
1961 (pariim)]

Concavo-convex wheels, with outer rim

and inner central portion, spokes connecting
rim and central portion, interspoke spaces
present except in Hemisphaeranthos, central
part smalt, nonquadripartite; spokes long, ta-
pering very slightly if at all. Penn.-Plesst.
Theelia ScHruMBERCER, 1891, p. 197 [*Chirodota
undulatz Scuiuvisercer, 1888; OD] [won Theelia
Lupwic, 1889, (nom. nud.j; Theelia Lupwig,
1891] [=Chiridotites DEFLANDRE-RiGauUD, 1349;
Chiridotella DerFLANDRE-RIGAUD, 196] (partim]].
Spokes 6-10; rim inclined to plane of wheel,
curving upward and inward, denticulate en inner
margin, teeth not extending to periphery as seen
from above; ccnter imperforate, typically with
hemispherical or conical tubercle or button. ?Penn.,
Trigs. - Pleist., Lu.-Egypt-? N. Am,-Australia.
Fic. 533.2. *T. wadnlata (ScHiumisencrr), Foc.,
Fr.; 2a, lectotype, X205; 26, X100 (14).

Acanthotheelia FrizzeLL & Exving, 1956, p. 112
[*A. spinosa; OD]. Spokes numerous (10 in type-
species); tim in plane of wheel, not denticulate;
periphery scalloped and spinose; central portion
perforate. Trias., Eu, Fic. 533,94, *A. spincsa,
Traly; %50 (14).

Auricularites DeFLanpRE-Ricaup, 1950, p. 42 [ *A.
parviradiatis; OD]. Tiny wheels rescmbling those
of Theelia, but with manvy more spokes (12-28);
differing from Stwerig in having smooth or ex-
remely finely dentate rim. Jrr., Eu, Fro. 533,
Su. *A. parviradiatus, Fr.; X425, Trc. 533,55,
A. arenatus DerLanore-Ricatn, Fr; X423 (46).

Hemisphaeranthos TERQUEM & BERTHELIN. 1875,
p. 109 [*H. costifera; SD Frizzerr & ExLivy,
1956, p. 128] [=Myriotrochites DEFLANDRE-
Ricavp, 1949 fnom. nud.); Myrioivochites De-
vLANDRE-RIcarDp, 1951, p. 35 (pwim) (type,
Chirodota sieholdi Scawacsr, 1863 SD De-
FLANDRE-R1GAUD, 1961, p. 100]. Spokes 10-16,
contiguous, flat on upper side, raised and petal-
like on lower side, forming hemispherical surface
of upper side of sclerite; rim inclined to plane of
wheel, finely to coarsely denticulate. Jur.-U.Crer.,
Eu. Fio. 533,1a,6. *H. costifera, Jur, Fr.;
la,b, lower and upper views; X100 (14). Fle.
533,Ic,d. H. simplex A. H. MiLLEg, U.Cret,, Ger;
Icd, lower and upper sides, X 100 (31).

Micradites DerLaxnre-Ricaun, 1930, p. 43 [*M.
incertus: OD]. Minute wheels of unestablished
affinities. Jer., Eu. Fre, 533,7. *M. incertus,
Fr.; 7a,b, opposite sides, X425 (46).

Protheelia FrizzeiL & ExvINg, 1936, p. 111
[*Chirodote geinitziung SPANDEL, 1898, p. 44

Echinodermata—Echinozoa—Holothuroidea

OD]. Spokes numerous (11-13 in type-species),
flat; rim flat, thick, lving in plane of wheel, not
denticulate; with central hub. Perm., Eu. Fic.
533.6. *P, geinitzfana (SpanprL), Ger; X185
(14).

Stueriz ScHLUMBERGER, 1888, p. 440 [*5. elegans;
OD] [=detinoclara Q. MLLEr, 1911 {proposed
as diatom); Myriotrochites DEPLANDRE-RIGAUD,
1951, p. 35 (partim)}]. Spokes 11-17; rim in-
clined to plane of wheel, curving upward and
inward, dentate, teeth  extending 1o
periphery as seen from above: hub typically sim-
ple. jur.-Pleist.,, Eu.-Egypt. Fic. 533.3a. *S.
elegans, Foc, Eu(Fr.); X135 (14). Fic.
533,3k. S. malmensis YrizzeoL & ExuiNg, Jur,
Fu.(Ger.); X100 (14).

Thallatocanthus Caring, 1962, p. 391 [*T. con-
sanns; OD). Spokes 6-10; rim denticulate, curv-
ing upward and inward; hub cylindrical, extend-
ing below plane of opposite sides of wheel. M.
Penn., N Am. Frc. 533,8. *T. consonns, USA
(Okla.y; 8a,k, X125 (3).

coarsely

Family PROTOCAUDINIDAE Deflandre-
Rigaud, 1961

[=Disciformidae DerLanore Ruiaup, 1952 partim);
Theelitdue Frazzern & ExuisNe, 1956 (parsimi|

Wheels with quadripartite center; central
divisions perforate or impressed; spokes very
short; Mesozoic forms with central stirrup
on ?lower side. Dev.-Jur.

Protocaudina Croxwis, 1932, p. 137 [*Cheiroduta?
truguairii ETHERIDGE, 1881, p. 196; OD]. Spokes
§-10; rim inclined to plane of wheel, dentate;
central part large, with 4 central perforations,
Deg-Perm., Eu,-N.Am. YFic, 527,1a. *P. fragu-
airii (EvHERDGE), Carb.; Scot, X P (14). Fic.
527,76. P. kansasensis {Hawwa), Penn, USA
(Tex.); X70 (14). Fic. 527,1c. P, hexagonaria
MarTin, Dev,, USA(lowa); X65 (14).

Microantyx KerNicker & Insrig, 1938, p. 93 [*M.
permiang; OD]. Central divisions impressed on
lower surface: boss on upper surface of central
portion. L.Miss.-Perm ., ?Trizs., N.Am.-Eu.
Fie. 527,2. M. botomi Gurscrick, LMiss, USA
(Ind.): Za,b, upper and lower views; X %0 (17},

Unnamed genus “Protocandina® (“P.” mortenseni
Deruaspre-Ricatp, 1946, p. 514y “P." paud-
spinosg DerLaNDRE-RIcarD, 1961, p. 106). Wheels
with quadripartite central perforations, spokes very
short, central portion wide; rim in plane of wheel,
circular to elliptical in cross section, coarsely
denticulate between spokes; Plower surface with
4-footed stirrup rising above central perforadons,
attachment between laterally adjacent heles. [ur.,
Eu. Fic. 527,1d. “P.” mortenseni DEFLANDRE-
Ricavp, Fr.; X400 (10).
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Family PALEOCHIRIDOTIDAE Frizzell
& Exline, new family
[ =Disciformidae DErLANDRE-Ricatpe, 1952 (parfom ). Theelii-
dac Frizzeir & [ExvuiNe, 1936 (purrim): Protocaudinidae
DernaNpre-Kioaun, J9GE fpareimg]
Wheels with large nonquadripartite cen-
ter; spokes short, rapidly tapering; rim in-
clined to plane of wheel. Card.

Rigaudites
Fi1c. 534, Paleochiridotidae {1-3); Synaptitidac {4-5, 7-8}; Family Uncertain (6) (p. U670-U671).

U669

Paleochiridota Crongeis, 1932, p. 139 [*P. plum-
merae; QD). Central part sclid, with raised hub
on lower surface, somectimes with pattern of
deeply excavated depressions on lower side. Caré.,
Eu.-N.Am. Fic. 534,3. *P. plummerae, Penn.,
USA(Tex.): 3a-c, lower, upper, and lat. views:
w90 (14).

Rota Lancexnzmma & Leis, 1957, p.

170 (sensu
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Gurscrick, 1959, o. 135) [*R. marini, ODY,
Central portion with tiny hole, rim finely to
coarsely dentculate on inner margin [secondary
perforations of rim not confirmed]. Miss., N.Am,
Fi, 334.1. R, campbeili Gurscricr, L.Miss.,
USA(Ind.); X790 (17).

Unnamed genus (“n.gen., nsp.,” GurscHick, 1959,
p. 136). Spokes extremely short; central portion
imperforate; rim inclined te plane of wheel;
cach interspoke area on outer side marked by
circular depression abeut half distance from cen-
ter 1o margin. Miss, N.Am. Fic, 5342, “N.
gen,, n.sp.,” LAMiss., USA{Ind.); rnper and lower
views; X753 (17).

Family KALIOBULLITIDAE
Kristan-Tollmann, 1963
Concavo-convex, compact wheels; with
hub on lower surface and broad rim at 90°
o plane of wheel; spokes lacking, central
portion connected with rim by solid septum.
Trias,

Kaliobullites Kmistax-Torimaxy, 1963, p. 377
[*K. umbo; OD]. Diagnosis as {or family, Trias,
Eu.{Aus.). Fic. 531A,1. *K. umbo, X535
(30¢).

Family SYNAPTITIDAE Frizzell &
Exline, 1956

| =Platanchoriformidae DEriavors-Ricave, (952 (pardimj;
Synoptellidae DerLanore-Recatn, 19601

Elongate unilaminar perforate plates, up-
per end narrower than lower, typically con-
cave on outer surface and convex on inner
surface, typically with socket at small end en
outer surface; socket single, double, com-
plex, or absent; perforations variable in
number, usually denticulate, with fine teeth
on margins. Jur-Pleist.

Synaptites Dervanore-Ricavn, 1949, po 1 [*Sy#n-
aptd cocoend SCHLUMBERGER, 1E88, p. 437, SD
DEFLANDRE-RIGavn, 1952, p. 8] [=Synaptellus
Derranpre-Ricavn, 1961, p. 89 (obi)]. Oval o
elliptical, small, flat or concavo-convex; socket
single or double, greatly reduced or absent, at one
or both margins but not crossing sclerite; per-
forations 10-20, dentculate. Foe.-Pleist., Fu.-N.

Am. Fio, 5344, *S. evcoentrs (SCHLUM-
BERGER}, Eoc., Fr.; topotypes: X225 (14).

Croneisites Frizzent & Exuine, 1957, p. 113
[*Synapta oligacaenica Seaxper, 1900, p, 50;

OD]. Oval to elliptical, very small, concavo-
convex; socket narrow, straplike, arcuate, con-
necting margins of sclerite; perforations 10-20,
smooth or finely denticulate. Eoe.-Mio., Eu.
Fic. 534,5. *C. oligocaenicus (Spanper), Oligo.,
Ger.; X195 {14).

Echinodermata—Echinozoa—Holothuroidea

Rigaudites FrizzeiL & Exving, 1957, p. 102 [*Syn-
aptites curillieri DerLaNDRE-Ricaup, 1915, p. 3;
OD]. Oval to broadly elliptical, large, concavo-
convex, with socket and protruding lip at small
end; socket M-shaped (rarely U-shaped); perfora-
tions 20-150, finely denticulate. L.Cret,-Gligo., Fu.-
N.Am. Fi. 534,8. *R. cuvillieri (DEFLANDRE-
Ricavn); Su, Eoc.,, Fr.,, X90 (14); 84, Paleoc.,
USA(Tex,), detail of socker, X165 (16).
Spandelites Trizzerr & Exung, 1957, po 100
[*Synaptites? irreguduris DEFLANDRE-RIGAUD, 1949,
p. 10; OD]. Irregular, with simple and primitive
socket composed of connecting trabeculae; per-
forations numerous, unequal in size, elliptdcal 10
subcircular, smooth. Jer., Eu.{Fr.). Fie, 534,
7a. *S. irregufarts (DEFLANDRE-RIGAUD); X400
(10). Fic. 5334.7h. 8. lehmanni DEFLANDRE-
Ricaun; X265 {10}, Fic. 5334.7¢. S, arcnars
Dercanore-Ricaun; X265 (10},

Family CALCANCORIDAE Frizzell &
Exline, 1956
=Plawinchoriformidae Deetanore-Ricate, 1952 (pariim )]

Synaptid-type anchors, with shank, stock,
and flukes; stock smooth or denticulate;
flukes double or triple, smooth or with teeth
on lower margins. ?Jur., Cret.-Pleist.
Calcancora Tmizzril & Exvive, 1950, p. 150 [*C.

mississippiensis; OD]. Flukes double. [Unpub-
lished record from L.Cret., Del Rio Clay, Austin,
Texas; Furzzenr & ExviNg.] 2Jur., Cret.-Pleist.,
Eu.-N.Am.-S.Am. Fis. 5276, *C. mississippi-
ensis, Oligo,, USA(Miss.}; X490 (141).
Calcancoroidea Frizzrir & Exiive, 1936, p, 154
[*C. spandel; OD]. Flukes triple. Qligo., Eu-—
Fro. 527,7. *C. spandeli, Ger.; 745, outer and lat,
views; X 130 (14},

Family CALCANCORELLIDAE Frizzell
& Exline, new family
| =Czleancoridie Fricdell % EXLiNe (pariini]
Molpadiid-type anchors, with shank and
flukes, stock replaced by a terminal thicken-
ing. Higo.-Pleist.
Calcancorclla  Dervanpre-Ricavp, 1961, p. 95
[ *Symaptites (Calcancora) speerabilis DerLanpre-
Ricatp, 1959, p. 198; OD) [=Molpadioires Du-
rFraxnki-Ricaun, 1961, p. 36 (partim)]. Diagnosis
as for family. Oligo.-Pleist.,, Eu. Fie. 527,5.
*C. spectabilis (DerLanpre-Ricaup), Oligo., Ger.;
x40 (9).

POSITION UNCERTAIN -

Sclerothurites DErLANDRE-RiGaun, 1961, p. [11 [*S.
clypeus; OD]. Small plates with few heles and very
simple socket or stirrup. Jur., Eu. Fic. 334.6.
*S. clypens, Fr.; X265 {10).
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A ray, U153

AB interray, U153

abactinal, U28, U153, U251

Abartus, U268, U571

Abertella, U489

Abertellidae, U296, U489

aboral, U7, U28, U153, U200,
U251, U3l5

aboral disc, U191, U200

aboral surface, U138, U178, U213

Abyssaster, U48

Acalia, Ubd

Acantharachna, U97

Acantharchaster, U148

Acanthaster, U70, U126

Acanthasteridae, U38, U70

Aeanthechinopsis, U390

Acanthechinus, U397

Acanthotheelia, U659, U668

accessory, UZ28

accessary twbe feet, U268

Aceste, U259, US80

Acestina, U380

acetabulum, U247, U233, U3l6

Achistridae, U645, U636, U659,
U660, U661, U665

Achistrulidae, U665

Achistrulum, UBAS

Achistrum, U656, U659, U660,
Ua61, U665

Acodontaster, USS

Acontiaster, U48

Acrocidaris, U386

Acrocirens, U425

Acrocladia, U435

Acrocnida, U100

Acrolusia, U292, U527

Acromazrs, US01

Acropeltis, U409

Acrosalenia, U287, U288, U375

Acrosaleniidae, U242, U243,
U296, U369, U373, U374,
U375

Acrosaster, U410

Acrotiaris, U386

Acroura, U102

actinal, U28, U153, U253

Actinocidaris, U329

Actinocluva, UB6S

Actinophyma, U397

Actinopsis, U400

actinostomial ring, U28

adambulacral, U15, U28, U153

adapical, U153, U253, U315

adapical suture, U229, U253

adapical transverse suture, U230

adaxial, U28

adaxial elements, U9

adaxial structures, Ul4

Adelasterias, U753

Adelcidaris, U325

Adelopneustes, U447

Adetaster, 11351

ADETES, U551

admedian, UI53

adoral, U28, U153, U253

adoral surface, U138, U178

aderal suture, U230, U253

adoral-transverse suture, U230

adradial, U28, U153, U253

adradial suture, U229

Aduncram, U656, U659, U660,
U665

Advenaster, U45

Adyraster, U551

Acolopncustes, U367

Aerope, UST9

Aeropidae, US78

Aervpsidae, U259, U297, US4S,
U530, US78

Acropsis, U239, U579

Aesiocystis, U171

Aesiocystites, ULT]

Agalmaster, U52

Avganaster, U93

Aganasteridae, U93

Aganasterinae, U38, U93

Agarites, U038

Agassisia, UST 1

Acassiz. U35, U270, U439, U524

Acassiz & Desor, U270, U272

Asassizia, U571

Agelacrimidae, U167

Agelacrinites. U138, U139, U140,
143, U152, U153, U155,
U167

Agelacrinitidae, Ul44, U145,
U149, U152, U155, U160,
ule7

AGELACRINDIDEA, 11136

Agelacrinus, 17134, U167

AGELACYSTIDA, Ul36

Agelacvstis, U167

Ageladiscus, U169

Agmatophivrina, U37

Aguavoaster, U583

Ailsaria, U100

Airaghia, U592

Albatrossaster, U48

Albarrassia, U48

Albertechinus, U304

Alepidaster, US7

Aleutiaster, U692

Alevandraspis, U163

Alexandraster, U700

Alexundrig, U462, 17463

Alexandrites, U661, U667
Alexandritidae, U661, U667
Allasterias, U75
Allobrissus, U582
Allocentrotus, U435
Allomma, U392
Allopatiria, U6%
Allostichaster, U753
Alpicidaris, U332
Alrernaster, U43
Altermechinns, U405
Abrernocidaris, U339
amb, U253
Ambipleurus, U415
ambital, U28
ambital plates, U213, U315
ambitus, U213, U253, U315
Amblypneustes, U418
Amblypygus, U450
ambuolacra, G131, U138, U142,
U19Y, U213, U230, U253,
U266, U298, U315, U342,
U369, Us23
ambulacral, Ull, U28, U153,
U253
ambulacral channel, U28
ambulacral cover {covering)
plares, U145, U194, U195,
200
ambulacral clements, U153
ambulacral flooring plates, U200
ambulacral furrow, U253
ambulacral groove, U3, U28,
U153, U191, U200
ambulacral plates, U455
ambulacral pore, U253, U298,
U193
ambulacral spine, U315
ambulacral system, UI53
ambulacral type, Ul4
Ambulacrites, U663
ambulacrum, U153, U200, U253
Ammotraphinae, G296, U464
Ammeotrophus, U465
Ampheraster, U76
Amphiacantha, U100
Ampkiactis, U100
Amphiaster, U63
Amphichilus, U100
Amphichondrius. U100
Amphicontus, U100
Amphidetns, U613
Amphigyptis, U39
Amphilepididae, U39, U100
Amphilepss, UL0O
Amphilimna, U100
Amphilycus, U100
Amphinephthys, U100
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Amphiocnida, U100
Amphiodia, U100
Amphiomya, U10@
Amphioncus, U100
Amphiope, U455, U489
Amphiophiothrix, U102
Amphiephiura, U95
Amphioplus, U101
Amphipholis, U100
Amphipholizona, U96
amphiplacous, U253, U524
Amphipnecustes, U575
Amphipsila, U98
Amphizalenia, U376
Amphispina, U102
AMPHISTERNAT A, U275, U277,
U281, U292, U544, U530
amphisternous, U237, U253,
U343, U347
am phisternous Spatangidae, U550
Amphisagma, ULG2
Amphitarsus, U97
Amphitriodites, U661, U667
Amphiura, U26, UL
Amphiuridae, U39, U100
ampulla, Ul1, U28, U153, U253
Ampullaster, U41
Amvgdalocystites, U189
Anabrissus, U383
Anachyres, US27
Anachytidae, U271
anal fasciole, U253, U545
anal plates, U253
anal pyramid, U149, U153
Anametalia, US84
Anamphiura, U101
Ananchites, U328
Awvanchothuria, U528
Anapesus, U408
Anarcaster, U6S
Anaster, U9
Anasterias, U735
Anasterias, 70
anatomv, 17211
Anaulocidarts, U254, L1264,
Uizl
anchor. U652
anchor plate, U632
Ancsirnm, U665
Ancylocidaris, U354
Asprrson, UL44, Uls4, 1153
Anglidiscus, U140, Ul+3, U144,
Ul46, UL47, U152, U155,
Ulaz
Anisaster, U575
Anisocidaris, U339
Anisopelatns, U515
Anochanus, U629
ANOCYSTI U270
Anrodiseus, U47
Anomalanthus, U162
Anomociduris, U325
Anophiura, U95
Anorthuster, U53
Anorthasteringe, U353
Anarthapygidac, U296, U443,
U444
Anorthopygus, U229, U443, U444
Anorthoscutan, U481

Anseropoda, U9
Anseropodinae, U38, U69
Anteliaster, U76
Anthaster, TJ63
Anthechinus, U423
Anthenca, U63
Antheneinge, UG3
Antheniaster, US4
Anthenoides, U8
Anthenoidinae, U38, US8
Anthobrissus, U505
Anthocidaris, U433
Anthophiura, U95
ANTHOSTICH A, U273
Anthosticte, U47
Antillaster, U616
Antillusterinae, Ubl4
Antipneustes, UST5
Antropygns 11522
anus, U28
Apatopygidae, U296, U497, U498,
U522

Apatopygus, U123, U125, U289,
U345, U522

apex, U253

Aphanasterias, U75

Aphanopora. U629, U630

Aphelaster, U351

Aphelasterias; U75

Aphroditaster, U39

apical, U28, U154

apical system, U227, U253, U368,
U463, U523, U545

Aplacidaris, U321

Aplocoma. U95

Aplodiadema, U386

Aplolampas, US07

Aplospatangus, U569

APODACEA, U614, U645

APODIDA, U642, Ued3, U5,
U650, Us54

APOMESOSTOMI, U271

apophysis, U245, U246, U253

Aporacidaris, U323

appendages, U247

Apterodon, UGS

Arachmopleurus, U415

Arachaoides, U464

Arachnoldidae, U296, U451,
U464

Arachnoidinae, U296, U464

Araeosama, U346

Arbacia, U25]. U265, U288,
U408

Arbacradae, U408

Arbaciclla, U410

Arbaciidae, U242, U294, U371,
U408

ARBACHNA, 1274

Arbacina, U418

ARBACINA, U274, U288, U108

arbacioid compound plate, U253

arbacioid plates, U231

arbacioid type, U370

ARBACIOIDA, U281, U287,
U288, U296, 11343, U368,
U370, U371, U372, U373,
U408

Arbia, U410

Echinodermata—Asterozoa—Echinozoa

are, U2B

Arcacchinus, U584

Archacocidaridae, U124, U267,
U265, U312, U317

Archacocidaris, G213, U271, U317

Arehaeodiadera, U358

Archacopnetistes, U622

Archaster, U56

Archasterias, US2

Archasteridae, U36, U38, US6

Archasterina, U45

Archasteropecten, U46

Archegonaster, U4l

Archegonasteridae, U37, U41

Archiacia, U313

Archiacidae, U497, US13

Archiaciirlae, U296, U513

Archophiactnidae, U37, U41

Archophiactis, U41

areole, U238, U253, U316

Avgaster, U51

Argentinaster, U93

Argopatagus, U616

Arialopsis, U437

Arisaigaster, US1

AmsToTLE, U213

Aristotle’s Jantern, UZ16, U243,
L253

arms, U6, U28, U134, U251

Armaster, U43

Arnandaster, U497, U508

Arthraster, U74

Arthrasteridac, U335, U74

Arthrasterinae, U38, U74

ARTHROCHIROT A, U653

ARTHROCHIROTIDA, U641,
U653

ASCIDIASTELL A, U641

Aspidaster, US55

ASPIDXOCHIROTACEA, U644,
U645

ASPIDOCHIROTIDA, Uéd4,
U645, U654

Aspidocidaris, U325

Aspidodiaslema, U343, U352

Aspidodiademandae, U295,
U341, U353, U344, U352

ASPIDODIADEMINA, U281,
U352

ASPIDODIADEMIN AF, U352

Aspidophiura, U95

Aspidosoma. UB>

Aspidosomatidae, U83

Aspidostoma, UB3

Aspidura, U9S

Asteracanthion, U75

Asterechinus, U418

Asteriaceras, U33

Asteriacites, U103

Asteriadae, U35, U386

ASTERIADINA, U35, U38,
u74

ASTERIAE, U35

Asteriae verae, U36

Asterias, U25, U35, U75

Asteriatites, U103

Asteridea, U42

Asteries ambulacraires, U36

Asteriidae, U35, U364, U38, U75



Asteriinae, U38, U75
Asterina, U69
Asterinidae, U36, U38, U68
Asterinides, U69
Asterininae, U38, U69
Asterinupsis, U69
Asteriscns, U69
ASTERNATA, U274
Asterobrissus, US05
Asterocidaris, U382
Asterodapsts, U182
Asteroderma, U753
Asterodiscus, U63
Asterodon, U56
ASTEROIDEA, U33, U35, U36,
U37, U42, Ulll
Asteromorpha, U92
Asteronychidae, U38, U1
Asteronyx, U91
Asterope, UGS
Asteropidas, UGY
Asteroporpa, U92
Asteropsidae, U36
Asteropsis, U6%
Asteropsis, U400
Asteroschema, U91
Asteroschematidae, U38, U91
Asterostegus, U92
Asterostoma, U616
Asterostomatidae, U239, U297,
U345, US48, Ubl4
ASTEROSTOMATINA, U297,
U548, U550, U614
ASTEROQZOA, 37, U39, U109,
U111, U120
asterozoan pattern, U111
asterozoans, U126
Asthenactis, 1768
Asthenosoma, U344, U345, U346
Asthenosominae, U346
Astracme, U92
Astretla, U43
Astriclypeidae, U296, U488
Astriclypcus, U489
Astrohoa, U92
Astrobrachion, U91
Astrocaneum,U92
Astroceramus, U63
Astroceras, U92
Astrochalcis, U92
Astrocharis, U91
Astrachele, U92
Astrochlamys, U92
Astrocladus, U92
Astrocles, U78
Astroclon, U92
Astrocnida, U92
Astroconus, U92
Astrocrius, U92
Astrucyclus, U92
Astrocynodus, U92
Astrocystidae, U140
Astracystites, U136, U139, U153
Astrocystitidae, U136
Astrodaspis, U482
Astrodaspis, U482
Astrodendrum, U92
Astrodia, U91
Astrodictyum, U92

Index

Astrogeron, U89
Astroglymna, U92
Astrogomphus, U92
Astrogonium, U58
Astrogordius, U92
Astrogymnotes, U0
Astrohamma, U92
Astrohelix, U92
Astrolampas, U492
Astrolirus, U78
Astromesites, U46
Astrometis, U75
Astropecten, 125, U27, U453
Astropectinidae, U31, U32, U36,
U38, U45
Astropectinidés, U45
Astropectininae, U38, U45
Astrophiura, U95, U183
Astrophyion, U92
Astroplegma, U92
Astropyga, U225, U267, U342,
U350
Astropygaulus, U522
Astrorhaphis, U92
Astroscolex, U91
Astrospartus, U92
Astrostephane, U786
Astrostephanus, U92
Astrostole, U75
Astrothamnus, U92
Astrothauma, U63
Astrothorax, U92
Astrothrombus, U92
Astrotormna, U92
Astrotominge, U9l
Astrozona, U92
Atactus, G431
Ataxaster, U102
Atclorias, US8
Atclospatangus, U608

ATELOSTOMATA. U272, U274,

U279, U281, U286, U289,
U290, U291, U296, U339,
U340, U491
ATELOGSTGMES, U273
ATLASASTER, U357
Atopechinus, U411
Arrapns, U576
Andacocidaris, 11330
Azlacopygns, U499
Aulacus, UBZ
Aulechinus, U112, U134, U184,
U263, U266, U304, U642
Anloclypeus, U499
aulodont, 1246, U253
AULODONTA, U275, U277,
U345
Aurclianaster, U528
auricles, U245, U253, U458
Auricularits, Up6d, U668
Arnsrinaster, U6l
Australanthus, U510
Australaster, USD
Australiaster, U75
Austrocidaris, U323
Austrofromia, U64
Autasterias, U706
AUTECHINID A, U273
axial, U28

U675

axial elements, U9
axial structures, U9
axil, U29

axillary, U29

axillary marginal, U22

B ray, U154

Balanocidaris, U333

Balancglossus, U22

Baliactis, U653

Barnumia, U625

basal terrace, U238

base, U253

basicoronal, U230, U253

Basscaster, US28

BassLer, U117, UL60

Bassleridiseus, U147, U162

BaTHER, U144, U145, UL47,
U150, U152, U175, U183,
U189, U155, U200

Bathybiaster, U46

Bathypectinura, U7

Baihysalenia, U377

Baueria, U411

BC interrav, UI54

Becs, U190, U193, U195

Belaster, US0

Belgicella, U78

Berr, U37

Benthaster, U68

Benthogenia, U48

Benthopecten, U48

Renthopectinidae, U38, U48

Benthopectininae, U48

Brrxarp, U273

Besatrecidaris, U439

Beurrey, U275, U288, US24,
Us44

Bdellacoma, U8l

Bdellacomidac, U38, U8l

Biarritzella, U463

bidentate, U253

bigeminate, U253

bilatminar, U652

BILATERAUX, U277

BiLings, U189, U192

Binoculites, U639, U660, U662

bipinnaria stage, U31

hiserial, U231

bivium, U29, U239, U253

BLAINYILLE, DE, U271

Blakiaster, U46

BLASTOECHINIDES, U273,
U436

BLASTOIDEA, U111

blastula stage, U31

Blaviaster, U588

body cavity, U213

bedy wall, U29

Bohemaster, U71

Bohemura, U87

Bolbaster, U558

Rolctechinus, U408

Boletechinus, U108

Boletia, U427

Bonaireaster, U441, U448

Boovotian & CampeeLL, U218

border, U200
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bass, U238, U233, U315

Bothrijaster, U63

Bothriccidandae, U295, U301

BOTHRIGCIDARIDAE, U272

Bothriocdaris, U112, U123, U184,
U263, U266, U275, U277,
U279, U284, U301

BOTHRIOCIDAROIDA, U124,
U274, U281, U282, U295,
5298, U301

Bothriolampas, U518

BRothricpygus, U506

Bothryopneuvstes, U499

Botriopygus, US06

bourrelets, U235, U253, U494

brace, U245, U253

brachial, €29

BRACHIOIDEA, G37

brachiolaria stage, U31

brachiole, U154, U200

Brachybrissns, U569

BRACHYGNATA, U274, U281

Brany & Ronerrson, U652

Bramus, U439

branchial slit, U253

BraTTsTROM, U257, U258

Breynella, U517

Breynia, U613

Brightonia, U541

Brisaster, U575

Brisinga, U78

Brisingaster, U78

Brisingella, U78

Brisingenes, U78

Brisingidae, U31, U36, U38, U77

BRISINGINA, U35, U38, U77

Brissidae, U297, U545, U548,
U550, U582

Brissina, U271, U582

Brissoides, U633

Brissolampas, U616

Brissoma, U584

Brissomorpha, U616

Brissopatagus, U584

Brissopneustes, U581

Brissopsis, U260, U584

Brissopsis, U584

Brissospatagus, U584

Brissus, U582

Brochechinus, U437

Brochopleurus, U418

Broww, U35, U286

Bructikry, U270

Brouun, U657

Bryssopsis, USA4

Bryssus, U576

buccal membrane, U253

buccal plates, U243, U253

buccal shicld, U29

buccal slit, U4, U29

buccal system, U253

buccal tentacle, U29

Runacins, U462

Bunaster, U64

Bundenbachia, US7

Bunodasier, Ud6

BuamEenster, L35

bursae, UY, U29

buttress, U253

Bythiolephus, U74

C ray, U154

C-rod, U652

Capruer, TeRMIFR & TERMIER,
uls7

caecal pore, U29

Caenholectypus, U444

Caenocentrotus, U433

Caenocidaris, U339

Caenopedina, U357

Caimanaster, U75

Calaster, U481

Calcancora, U661, U670

Calcancorella, U661, U670

Calcancorellidae, U661, U670

Calcancoridac, U645, U661, U670

Calcancoroidea, U661, U670

calcareous ring, U642, U643,
uesn

Calclamna, U660, Us61, Ub64

Calclamnella, Us60, UsH1, U664

Calclamnidae, U645, U658, U659,
Uasl, Usbl, Ute4

Calclamnoidea, U660, U661, U664

Calcligula, U660, U641, U662

Calclyra, U665

Calclyridae, U645, U665

Calliaster, US9

Calliaster, U74

Calliasterella, U74

Calliasterellidae, U38, U74

Calliastcrellinae, U38, U74

Calliasterias, U76

Calliderma, U9

Catlopativia, U69

Calociglaris, U333

Calvasterias, U75

Calveria, 11347

Calveriosoma, U346

Calycaster, U77

CALYCINA, U274, U281, U288,
U374, U375

Calymne, U524, U537

Calymnidae, U297, U523, U524,
U537

Calyptactininae, U65

Calypractis, U65

Calyprraster, 68

camaredont, ©246, U253

CAMARGDONTA, U275, U177

Cumbraster, U160

camclla, U253, Us46

Camerogalerus, U229, U443,
U444

canal, U200

Cancellrum, U665

Caractacaster, US1

Cararomella, U450

Caratomus, U450

Cuardiaster, U328

Cardinlampas, U527

Cardiopatagus, U633

Cardiopeltz, U526

Cardiotaxis, U528

carnal, U22, U29

Carint, U647, U652

Carlasterias, U75

Carna, U69

Echinoder mata— Asterozoa—Echinozoa

Carneyella, U138, U142, U149,
U152, U133, U165

CarpENTER, U120

Carpenter system, U120, U253

CARPOIDEA, U110

CASSIDULARIA, U274

Cassidulidae, U296, U497, US14

CASSIDULIDEAE, U291

Cassidulides, U271, U272

Cassidulina, U271, U281

CASSIDULOIDA, U234, U236,
U247, 0275, U277, U281,
U290, U291, U296, U498,
U545,U629

CASSIDULOIDEA, U277

cassiduloids, [T492

Cassidulus, U291, U514

Cassis, U633

Carantes, U64

Cataproctus, U633

catenal plate, U253

CATOCYSTI, U270

Catopygus, US03

Caudinidae, U643

Carlaster, U418

CD interrav, U154

Cenomanaster, US9

central core, U247

central dise, U200

central plate, U29

centrale, 1129

Centrechinidae, U350

CENTRECHINGIDA, U275,
U286 U350

Centrechinus, 1350

Centrocidaris, U333

Centroclypus, US22

centrodorsal, U29

Centropygus, U522

Centrostephanus, U350

Ceramaster, U57

Ceratodernraires, U271

Ceratophysa, U259, U539

Certwnardoa, Ub4

Cestobrissus, U625

Chaetaster, 156

Chaetasteridae, U348, US6

Chaetasterinae, USE

Chactodiadema, U350

Chastodiscus, U481

channel, U191, UL98, U200

channel covering plate, U200

Chariaster, U64

Crauvry, U202

Cheilaster, 1769

Cheiraster, U48

Chetrusteridae, 1748

Cheiropteraster, U27, U85

Cheiroprerasteridae, UB3

Chelonechinus, U536

Chenpsia, US59

CHILOPHIUERIDA, U37, 1793

CHILOPHIURINA, U38, U93

Chinjanaster, U13, U31, U39

Chinlanasteridae, U2, Ul4, U37,
U3s

Chione, Ub4

Chiridota, U657

Chiridotella, U662, UGRS



Chiridotidae, U642, U645

Chiridotites, U668

Chiridotitesidue, U668

Chiridotitidae, U668

Chirobacultis, U663

Chitonaster, U58

Chitanaster, 158

Chitonasterinae, U38, U58

Cholaster, U95

Cholasteridae, 195

Chomataster, US9

Chondraster, U69

Chondrocidars, U329

Choriaster, U63

Chrysomelon, U358

Chunaster, U48

Chuniela, U613

Cibaster, U528

Cibrum, U664

Cidarelle, U377

Cidaridac, U124, U267, U271,
U295, U313, U321

CIDARIDAE, U317

CIDARIDARIA, U273

CIDARIDEAE, U285

CIDARIDES, U271, U272, U277

CIDARIFORMIA, U274

CIDARINA, U330

Cidarinae, U295, U330

Cidaris, U285, U331

Cidaris, U333

Cidarites, U271, U331

Cidaritidae, U271

CIDAROIDA, U124, U220, U231,
1J232, U236, U238, U273,
U274, U275, U277, U281,
U283, U285, U295, U317,
U341, U368, U372, U373

CINDAROCIDEA, U271, U317

cidaroids, U312

CIDARONIA, U273

Cidaropsis, U382

Cidarotropus, U317

Cincinnatidiscus, U163

Cincta, U157

Cionobrissus, US84

Cronobryssus, U584

Circeaster, U63

Circopeltaris, U403

Circopeltis, U403

circumferential compass muscles,
U245

CIRRHIS VERMIGRAD 1, Ub4l

Cistuina, Ub4

Cladaster, US7

Cladolabinae, U644

CLADOFPHIURAE, U37

Cladosalenia, U436

CLarx, U120, U122, U214,
U277, U548

Clarkeaster, U52

Clarkeasterinae, U38, US1

Clarkella, U512

Clarkiella, U512

classification, U160, U205, U270,
U312, U344, U373, U548,
Us44, U655

Cravs, U285, U286, U291, U292

Claviaster, 1522

Index

clavulae, U253

Cleistechinus, U616

Clitopygus, US0L

closed petal, U234

Cluniaster, U447

Cluniculus, U501

Clypeanthus, U522

Clypeaster, U259, U28%, U291,
U451, U455, U462

Clypeasteridae, U247, U271,
U290, U462

CLYPEASTERINA, U281, U290,
U296, U458, U459, U460

Clypeasterina, U271

CLYPEASTEROQIDA, U229,
U235, U236, U247, U269,
U281, U289, U290, U296,
U460

clypeasteroids, U268, U450

Clypedstres, U271, U462

CLYPEASTRIDAE, U290, U460

CLYPEASTRIDEA, U290

CLYPEASTRINA, U274

CLYPEASTROIDA, U273, U275

CLYPEASTERGIDEA, U271,
U274

Clypéastroides, U272

CLYPEASTRONIA, U273

Clypeidae, U296, U495, U499

Clypeiformes, U273

Clypeobrissus, U499

Clypeolampadidae, U296, U497,
U513

Clypeclampas, U515

Clypeopygus, US03

Clypeus, U489

Cnemidactinidae, U38, U71

Cnemidactis, U14, U71

Cnemidaster, U74

Coceaster, U51

Coccasterinae, U38, US1

Codechinus, U403

Codiopsis, U411

Coelaster, US1

Coelasterias, U76

Coeloclypens, U412

coelom, U215

Coelopleurus, U412

Coenholectypus, U229, U444

Coenocentrotus, U633

Coenodiadema, U357

Coenopedina, U357

collar, U247, U253, U316

Collyrites, U525, 1545, U551

Collyritidae, U236, U292, U297,
U523, TS24, U545, U551

Collyropsis, US27

Colobocentrotus, U247, U259,
U268, U269, U433

Colobocentrus, U433

Colochirinae, U644

Colpaster, U78

Colpotiara, U393

Comastertas, U76

Comatnlae, U35

compact, U253

compass, U253

complemental plate, U253

compound plate, U231, U253

uUe77

Compsaster, U74

Compsasteridae, U33, U38, U74

Compsocidaris, U327

Comptonia, U59

Conchophorus, U607

Concophorus, U607

confluent serobicule, U239, U316

conjugate pores, U231, U254,
U315

Conocladus, U92

CONOGCLYPARIA, U273, U447

Conoclypeus, U633

Conoclypidae, ©290, U292, U296,
U443, U447

CONOCLYPINA, U281, U290,
U206, U447

Conoclypus, U246, U290, U447

Conodoxus, U45

Conoclampas, U247, U289, U508

Conolampas, U508

contiguous scrobicule, U239

contrasolar, Ul42

Conulidae, U296, U4, UH5

Conulopsis, U447

Conulopyring, U445

Conulus, U229, U443, U443

Conzlusidue, U445

CookEe, U257

Cooperidiscus, Ul41, U142, U169

Copidaster, U4

Coptechinus, U424

Coptodiscus, U444

Coprtophvma, U380

Coptoplenra, U418

Coptosoma, U402

Coraster, U542

Corculum, U328

Corechinus, U542

corena, U254

corenal system, U229

Coronanthns, U463

Coronaster, U76

cortex, U254, U316

cartex layer, U247

Corthya, U527

cortical hairs, U316

Corystus, U633

Coscinasterias, U75

Caoscinasteriinae, U753

Cosmasterias, U76

Cosmacyphus, U396, U398

Cossmanaster, U512

Costigerites, U660, U664

Cothurnocystis, U190

Cottaldia, U412

CotrEAU, U272

Cotteaudia, U412

Corttreauvaster, U6l

Cottreaucorys, U625

Ceuron, U270

cover plate, U154

covering plate, U29, U200

Cragtnaster, U533

Craspidaster, U32, U47

Craspidasterinae, U38, U47

Cratcraster, U6l

Craterobrisinga, U78

Craterolampas, U507

Cravenechinidae, U293, U311
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Cravenechinus, U311

Crenaster, U46

crenate, U254

crenulate, U238, U254

Crepidosoma, U86

Cretacechinns, 17403

Cribella, U4, UT70

CRIBELLINA, U22, U32, U38,
U47

Cribellaopsis, U69

Cribraster, U70

Cribraster, V69

Cribrefla, UTQ

cribrifarm organs, U22

Crinocidaris, U439

CRINQIDEA, U22, U109, Ulll

CRINOZOA, Ulll, U120, U175,
Li99

crinozoan pattern, U110

Croxels, Ubds

Crones & McCormack, Udd6

Croneisites, Ub61, U662, U670

Crossaster, U67

crasshar, U652

Crofoclypens, 1499

Crucibrissus, U559

Crustuling, U371

Cristedum, U489

Craux, U667

Cryaster, U9

Cryasteridae, U69

Cryasteridés, UG9

Cryptaster, U68

Cryptasterias, U76

Cryptocyphus, U414

Cryptepclta, T97

Cryptopeltaster, US8

Cryprapora, U435

cryptozonate, U29

CRYPTQOZONIA, U36

crystallographic erientation, U229

Ctenamphiura, U101

Crenuster, U67, U69

Crenasterias, U76

Crenocidarinag, U323

Ctenocidarinac, U124, U295,
U323

Crenocidaris, U323

Crenodiscinae, U32. U348, U47

Crenodiscus, U24, U32, U47

Ctenopharaster, U46

Ctenopleura, U46

Cubanaster, U475

Cucumaria, U652, U657

Cucumariidae, U644, U645

Cucumariinac, Uad4

Cuacumarfopsis, U6A2

Cucumarites, U660, U662

Cucumarites, U664

Cui~or, U[20, UL22, U139,
U214, U275, U277

Cuenotaster, U7

Cucnotia, U350

Culcita, U63

Culciraster, U4

Culcitopsis, U69

Cuneaster, U45

cupule, U29

cuticle, U215

Cuvier, UZ71
Cyamicha, U469
CYAMOIDEA, U110
Cyanosoma, U346
Cvathocidaris, U333
Crvathocerinites, U119, U149
Cyathocystidae, U139, U140,
U142, Ul44, U147, U149,
17153, U160, Ulal
Cyathocystis, UL40, U141, U149,
U158, Ulel
Crathotheca, U140, UL41, U149,
Uls1
Cyathothecidae, UlG1
Cycethra, UGY
Cyclaster, U586
Cyclaster, UL71
Cyclasteridae, US82
CYCLOCYSTOIDEA, U119,
ULLL, UlL21, UL§8, U205
Cyclocystoides, U 26, U188,
U192, U198, U202, U203,
U204, U206
Cyclocystoididae, U206
cyclocystoids, U126, U183
CYCLOIDEA, U0
CYCLOIDES, U271
Cyclolampas, U526
CYLINDROIDES, U641
Cylindrolampas, U307
Cyllaster, V70
Cypholam pas, U307
Cyphopygus, U412
Cyphosoma, U395
Cyphosominae, U395
Cyrtechinus, U427
Cyrtocidaris, U325
Cyrtoma, US12
Cystaster, U125, U138, U139,
Ul40, U149, UL52, U153,
Ul65
CYSTASTEROIDEA, U136
CYSTECHINIDA, U273
Cystechinus, U536
CYSTOCIDARIDAE, U272, U284
Cystacidaris, U284, U301
CYSTOCIDAROIDA, U274
Cystocrepis, U539
CYSTOECHINIDES, U273
CYSTOIDLA, U111, Ula0. U188
CYSTOSTEILEROIDEA, U136

b ray, U154

Dactylanthus, U463

dactyvlachirote, UG43

DACTYLOQCIITROTIDA, U643,
U645

Dactyloclypens, U499

Dactylosaster, U64

dactylous pedicellariae, U251,
U254

Davgs, U657

Dallonia, U439

Daradaster, US17

DE iaterray, U154

Deakia, U591

DEeFLANDRE-RIGAUD, U642, U644,
U647, U655, U656

Dreicemaxy, U657

Echinodermata—Asterozoa—Echinozoa

Detmatidae, UH43
Devace & HiErovarp, U274
Delbosia, U412
Delopatagus, U259, U616
deltoid, U154
demiplate, U230, U254
demipyramid, U245, U254
Dendraster, U259, U263, U269,
U481
Dendrasteridae, U296, 17479
DENDROCHIROTACEA, U642,
U645
dendrochirote, U642
DENDROCHIROTIDA, U113,
U643, U654
Denecechinus, U304
dental papilla, U29
dental slide, U245
Denudaster, U43
Dermasterias, U69
Dermatodiadema, U352
Dermechinus, U431
Desmechinus, U418
Desmopatiria, U692
DESMOSTICHA, U272, U273
Desmorndinaster, U485
Desor, U270, U272
Desorella, UG31
Desoria, U576, U631
Devonaster, U18, U235, U51
Devonstella, U44
Devonocidaris, U309
Drvrizs, U277, U292, U545
Diadema, U225, U264, U287,
U350
Diademadue, U350
DiADEMARIA, U273, U350
DIADEMATACEA, U279, U281,
U286, U287, U295, U339,
U340, U344, U345, U367,
U368, U36y, U372, U373
Diademaundac, U293, U341,
U344, U350
DIADEMATIFORMIA, U274
DIADEMATINA, U274
diadematoid compound plate,
U254
dizdematoid plates, U231
DIADEMATOIDA, U273, U281,
U246, U287, U295, U341,
U344, U350
DIADEMIDA, U350
DIADEMINA, U274, U281
DIADEMOIDA, U274, U275
Diademopsis, U287, U357
Dialithocidaris, U412
Dialyaster, U527
Diamphiodia, U101
Diclidaster, U70
Dicoptelln, 11425
Dictenophiura, U995
Dictyaster, U70
Dictyaster, U627
Dictydaster, UST
Dictyopleurus, U416
Dictyothurites, U661, U666
dicyclic, U228, U254
Dicyclocidaris, U316, U321
Diegocorys, U633



digestive tract, U216

Dinocystis, U138, U142, U171

Diopederma, U97

DIPLACIDES, U273

Diplasterias, U75

Diplechinus, U403

Diplocidaridac, U295, U313,
U33y

Diplocidaris, U231, U339

Diplodetus, U586

Diplodontias, US6

Diplopodia, U288, U386

Diploporaster, U576

diplopore, U154

Diplopoerita, U142, U202

Drploporus, U425

Diplopteraster, U68

Diplosalenia, U436

Diplotagma, U403

Diplothecanthns, U463

Diplotiaris, U339

DIPLOZONINA, U32, U3,
U45

Dipneustes, U578

Dipsacaster, U46

Disaster, U527

Disasteridae, U292, U297, US23,
U524, US27, U544

Disasterina, U69

disc, U29, U652

disc ambital, U29

Dicaster, U435

Discholectypus, U444

Disciformidae, U668, U669

Discocidaris, U325

Discocystis, U141, U143, U152,
U169

Discodea, U444

discodeid, U234

Discogalerus, U633

Discaidea, U125, U444

Discoides, U246, U444

Discoidesidae, U444

Discoididae, U221, U296, U441,
U443, U444

Discatdinue, U444

disjunct, U229, U254

Displasterias, U76

Dissogenes, U4

distal, U29

Distefanaster, US59

Distichephis, U97

Distclasterias, U76

distribution, U158, U204, U374,
U498

Ditremaster, US59

Dixiens, U356

DNixonia, U444

Dochmostoma, U505

DéperLein, U274

Dolicharthra, U102

Domechinus, USI0

Donbassechinus, U309

Dorigong, US8

Dorocidaris, U331

dorsal, U29, UE54, U200

dorsal disc, U200

dorsal membrane, U200

dorsal sac, U22

Index

dorsal shield, U29
dorsocentral, U154
dorsolateral, U29
Dorytiaris, U386
Douvillaster, U553
Drepanaster, U87
Dubarechinus, U289, U438
duct, U200
Duyarniv & Heek, U270, U272
Dumblea, U365, U387
Drovcan, U273, U286
Duncaniaster, U528
Durnant, UllL, U439
Durnanm & Casvter, U109, Ulll
DurHan & Meovicoe, U123,
Ul24, U270, U275, U277,
U292, U340, U344, U373,
U544, 548
Dyeg, ULE9
Dysuster, Us27
Dysastéridées, U272
DYSASTERIDES, U273
Dytaster, 146
Dytaster, U406

E ray, U154
EA interray, U154
Ecanthus, US18
ECHINACEA, U279, U281, U286,
U287, U289, U296, U339,
U340, U367, U375
Echinanaus, U445
Kehinanthites, U499
Echrnanthapsis, U523
Echinanthus, U523
Echinanthus, U462
Fchinarachniidae, U296, U482
Echinarachnius, U238, U482
Lohinarachnins, U164
Echinaster, U70
Echinaster, U71)
Echinasterella. U5
Echinasterias, U145
Echinasteridae, U36, U38, U70
Echinastering, U70
ECHINI, U272
Echinidae, U271, U296, U367,
U431
ECHINIDEAE, U287, U375
ECHINIDES, U271, U273
ECHINIDES CENTROSTOMES,
U271
ECHINIDES EXCENTRO-
STOMES, U271
ECHININA, U274, U281, U431
Echmires, U445
Echinobrissides, U292
Echinobrissina, U271
Echinobnissus, U633
Echinobrissus, U501
Echinocardiom, U228, U235,
1237, U243, U257, U258,
U260, U261, U262, U263,
U269, U545, U613
Echinocentrotus, U469
Echinceidaridae, UA08
Echinocidaris, U408, U414
Echinoclypens, U499
Echinoclypis, U365

U679

Echinoconus, U7
Echinacorys, U328
Echinocorytes, US28
Echinncrepis, U539
Fchinocrinus, U317
Echinocyamus, U220, U258,
U259, U260, U261, U269,
U455, U469
Fehinocyamas, U409
Echinocyphus, U418
Echinocystis, U301
Echinocystites, U284, U299,
U300, U30L
Echinocystitidae, U232, U295,
U301
ECHINOCYSTITOIDA, U223,
U267, U281, U283, U284,
1295, U298, U301
ECHINODERMATA, U109,
270
Echinodiadema, U350, U403
Echinodiscaster, U45
Echinodiscites, U45
Echinodiscus, U141, U489
Echinodiscus, U45, U169, U472,
U485
Echinogalerus, U450
Echinoglycus, U485, U489
Echinoglyphus. U485
echinoid compound plate, U254
echinoid plates, U231
echinnid type, U370
ECHINOIDA, U281, U287,
U289, U296, U3n7, U372,
U431
ECHINOIDEA, U109, U111,
U112, U115, Ui7s, U267,
U271, 0273, U274, U275,
U281, U265, U297
echinoids, U212
Echinolampadidac, U296, U497,
US0s
Echinatampas, U247, U289,
U494, US06
Echinolampasidae, U271
Echinometra, U289, U433
Echinometradae, U433
Echinometres, U271
Echinometridae, U124, U296,
U367, U370, U371, U433
Fehinonans, U445
Echinoncidae, U296, U433, U445
Echinondides, U271, U445
Echinoneina, U271, U281, U290,
U296, U445
Echineneus, U240, U290, U443,
U445
Echinepedina. U357
Echinopluteus, U439
echinopluteus, U251
Echinopsis, U416
Echinopygs, U199
Fehinorodoram, U462
Echinasigra, U259, U339
Echinosoma, U310
Echinospatagus, US55
Echinostelia, U45
Echinostrephus, U259, UZ69,
U433
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Echinothrix, U344, U350
Echinothuna, U286, U346
ECHINOTHURIDEAE, U286
echinothuriid plates, U231
Echinothuriidae, U220, U251,
U259, U275, U295, U346
Echinothuriinae, U295, U346
echinothurioid compound plate,
U254
ECHINOTHURIOIDA, U281,
U286, U287, U295, U34l,
U344, U346
Echinotiara, U403
Echinotrachus, U491
ECHINOZOQA, U108, Ul 11,
U120, U134, U175, U188,
U149
echinczoan pattern, UL11
echinozoans, U108
Echinus, U213, U234, U258,
U245, U270, U286, U288,
U289, U3s0, U431
ecology, U157, U257, U313,
U344, U498
Ectinechinus, UL12, U184, U266,
U304, U642
cctoderm, U214
Edrioaster, Ui37, Ul42, U143,
Ul46, U150, U152, U153,
U171
Edrivasteridae, U144, U145,
U147, U149, U150, U158,
U199, U160, U171
ENRIOASTERIDAE, U136
EDRIOASTEROIDEA, U109,
Ulll, U115, U121, U133,
U136, UL60, U175, U266
edrinasteroids, U125, U136
EDRIOBLASTOIDEA, Ulll
Edriocystis, U171
Egyptechinus, U403
FEHLERs & KEsLivg, U149
Eifelaster, US3
Eikosacystis, U157
ELASIPODIDA, U642, U644,
Us45
ELEUTHEROZOA, UL09, UL75
eleutherozoic, U154
Elgerius, U661, U664
Elipneustes, U616
Ellipsechinnus, U433
Ellipsocidaris, U433
Elpidiidae, U645
Enallaster, U553
Enallopneustes, U351, U353
Encope, U451, U485
Encrinaster, UL8, U85
ENCRINASTERIAE, U35
Encrinasteridae, U38, U83
ENDECA, U67
Endeodiadema, U354
endocyclic, U213, U254
ENDOCYCLICA, U272, U281
ENDOCYSTA, U274
endoderm, U214
Endogenasterias, U76
endopetalous fasciole, U254
endothecal, U154
en échelon, U239

Engelia, U354

Enichaster, U625

ENOPLOPATIRIA, U69

Entomaster, U528

Ecactinidae, U38, U353

Ecactis, US3

Eoagassizia, US75

Eobrissus, U397

Eccaudina, U642, U658, U659,
U660, U661, Ute4

Focidaris, U317

EOCRINOIDEA, Ull1, U133,
U266, U267

Focystites, U133

Fudiadema, U275, U350

Eolampas, U520

Eoleptasterias, U76

Eoluidia, U8S

Eoluiditdae, U88

Eophiura, U27, U82

Eaphiuridae, U38, U82, U8S

Eophiurites, U88

Eovsalenia, U352

Foscutella, U478

Eoscuteilidae, U206, U478

Eoscutum, U469

Eospondylidac, U38, UX

Eospondylus, U0

Eostclla, U53

Eothuria, U112, U134, U266,
U279, U285, U304, U642

Eotiaris, U321

Ephipiellum, U102

Epiaster, U353

Lptdontaster, US55

epiphysis, U245, U254

episternal, U237, U524

episternal plates, U254

epistroma, U254, U372

epithecal, U154

Erbechinus, U418

Eremasterias, U7S

Eremicaster, U48

Eremopyga, U350

Eriechinus, U309

Ertnaceaster, US0

Escheria, US76

Etheridgaster, USS

Ereenice, U616

Etheridgelia, U659, U665

Etheridgellidae, U645, U658,
Ua6d, U665

ethmolysian, U229, U254

ethmolytic, U229, U254, U345

ethmophract, U229, U254, U545

EUASTERIAE, U36

EUASTEROIDEA, U36

Eucidaris, U333

Eucladia, U175, U177, U179,
U180, U182, U185

Eucladidae, U185

Eucladiidae, U185

EUCLASTEROIDEA, U77

Eucosmeckinus, U413

Eucosmus, U413

EUECHINOIDEA, U267, U272,
U273, U278, U281, U283,
U285, U295, U339

Echinodermata—Asterozoa—Echinozoa

Euechinolampas, U506
Eugaster, U87
Eugasterella, UR7
EUGNATEHINA, U38, U65
Eugoniaster, U63
Eukhippasteria, US8
EUMELONARIA, U273
Eupatagus, U586
Eupholidocidaris, U302
Eunporophyma, U402
Euretaster, UG8
Eurhodia, U517
Eurocidaris, U323
EURYALAE, U90
Euryale, U35, U92
FURYALEAE, 1135
earyales, U90
Euryalidae, U38, U2
EURYALINA, U35, U38, U90,
U127
Eurycorla, U363
Enryechinus, U435
Eurygonias, US6
EURYPALMARIA, U273
Eurypatagus, U624
Furypetalum, U510
Euryplenra, U463
Eurypneustes, U397
Eurypnenstes, UG16
Euspatangus, USK6
Eustolasterias, U76
Euthemon, U175, U174, U180,
U182, UI83, U185
Euvondria, U95
Euzonosoma, U20, UBS
Eunzonosomatidae, UB3
Evasterias, U76
Evechinus, U368, U434
cvolution, U31, U156, U266,
U298, U312, U344, U373,
U493, U544, Undl, Ub56
Evoplosoma, U58
Exlinella, U660, U667
Exlinellidae, U645, U660, U667
cxocyclic, U213, U254
EXOCYCLICA, U272, U281
EXOCYCLOIDA, U275
EXOCYSTA, U274
exnthecal, U154
exsert, U228
external morphology, U220
extrascrobicular, U238
extraxial elements, UJ9

extraxial structures. U7
eve, U652

facet, U191, U198, U201

Faorina, U576

Farquharsonia, U365

fasciole, U29, U240, U254,
U524, U545

Faujasiz, U508

Faujasidae, U508

Fauiasiidae, U296, U497, U548

Faurastezr, U512

Favorina, US76

Feporov, U175

feeding, U24



Ferr, Us, Ul6, U36, U37, U109,
Ul22. U175, U227, U267,
U287, U642

FeLL & MooRrg, 126

FELL & Pawson, 288

Fellaster, U464

Ferdina, U64

Fernandezaster, U588

Fibularia, U451, U469

Frbularia, U469

Fibulariella, U458, U471

Fibulariidae, U221, U247, U296,
U469

Fibularina, U271

Fibulaster, U471

Fibulina, U472

Firmacidaris, U439

Fiscuer, U119

Fisuer, U32, U37

Fissobractites, U659, U664

Fisteelarina, U469

FISTULIDAE, U641

FISTULIDES, U4l

Hoor plate, Ul44, U154

flooring plate, U29

floscelle, U235, U254

fluke, U652

flutings, U316

FoersTe, U140, U143, U147,
U155, U190, U195, U196,
U197, U205

Foerstediscus, U142, U151, UL53,
U165

food groove, U154, U254

foramen magnum, U245, U246,
U254

Forees, U35

Farbesiaster, U62

FORCIPUILATAE, U364, U37,
Uzl

FORCIPULATIDA, Ul4, Ul7,
U20, U23,U32, U34, U37,
U3g, U71

Fossulaster, U269, U468

FosTER & WirTnEY, UL89

Founrnfercchinus, U302

Fourtaunia, U588

frame, U217

Freyella, U78

Freyellaster, U78

FrizzerL & Exring, U642, U644,
U647, U653, Ub57

Frizzellus, U660, U665

Fromia, U64

Furcaster, U88

Furcasteridae, U38, U82, UBS

Gagaria, U430
Gajechinus, U440
Galea, U528
Galeaster, U530
Galeola, U528
Galeopygus, U499
Galeraster, U445
Galéridées, U272
Galerites, U447
Galeritidae, U27F, U296, U443,
U446
Galeroclypeus, U631

Index

Galerolampas, U315
Galeropygidae, U296, U494,
U495, U498, U544
Galeropygus, U240, U291, U499
Ganbirretia, US30
Ganeria, U69
Ganerndae, U38, U9
Garelia, U330
Garumnaster, U530
Gastraster, U76
Gawltieria, US8B
(Gaussaster, U48
Gauthieria, U398
Geis, U268, U286
Gexk:r, U158, U175, U182
Genicopatagus, U622
genital bar, U20, U29
genital papilla, U29
genital plates, U227, U254
genital pore, U254
genital s, U29
Genocidaris, U412
Genulia, U513
Geocoma, U953
Gephyriaster, U65
Gephyrothuriidae, U645
Gibbaster, U581
Gibbaster, U533
Gigantaster, U63
Gmexoux, U270, U277
Gilbertaster, U63
gill stit, U29, U243, U254
Gillechinus, US88
girdle, U243
Girvanaster, U253, US0
GisLin, U132
Gusopygus, U515
Gitolampas, US18
Gitolampopsis, US18
Glafraster, U069
Glaciacantha, U98
Globator, U445
GLOBATOROIDA, U274
globiferous, U254
globiferous pedicellariae, U249
Globiformes, U273
Glossaster, U514
Giyphaster, Ud6
Glyphocyphidae, U239, U296,
U370, U373, U414
Glyphocyphinae, Ut14
Glyphocyphus, U414
Glyphodiscus, U58
Glyphopneustes, U380
GLYPHOSTOMAT A, U274
GLYPHOSTOMES, U273, U277
GLYPHOSTOMES ENDO-
CYCLES, U273
GLYPHOSTOMES EXO-
CYCLES, U273
Glyptaster, U77
Glyptechinus, U419
Glypticus, U412
Glyprocidaris, U288, U398
Glyptocyphus, U399
Gleptodiadema, U288, U416
Glyptosphacrites, U139
Gnathaster, U35
GNATHASTERINA, U43

U681

Gnathasterinae, US5

Grathodon, U35

GNATHOPHIURIDA, U37, U100

GNATHOPHIURINA, U39, U100

GNATHOSTOMATA, U272,
U274, U279, U281, U286,
U289, U296, U339, U440

GNATHOSTOMES, U273

Gomophia, U64

Gomphechinus, U404

Gongrochanus, U512

GONIACTINIDA, U37, U39

Gonaster, US7

Goniasteridae, U17, U22, U31,
U34, U3s, U38, US6

Goniasterinac, U35, U57

Gonimaretia, U609

Gontocidaring, U325

Goniocidarinae, U124, U295,
uU32s

Goniocidars, U213, U313,
U325

Gonioelypens, U312

Goniodiadema, U350

Geniodiscaster, U63

Goniodiscoides, UH3

Goniodiscus, U63

Goniodon, US6

Goniopecten, U47

Goniopectinidae, U32, U38, U47

Goniopeetininae, U38, U47

Goniaphorus, U380

Goniopneustes, U427

Gaoniopygus, U412

Gontopygus, U442

Goniasigma, U419

gonopore, U152, U154, Ui82,
U254

Gonosalenta, U380

Gonzalezaster, U623

Gorgonocephalidae, U28, U38,
U9l

Gorgonocephalus, U92

Gotlandechinus, U311

Gracilechinus, U431

Grammechinus, U421

Granaster, U76

Grancbrissoides, U591

Granopatagus, U608

granules, U29, U230, U231

GRANULOSA, U35

GRANULOSINA, U38, U55

Graphechinus, U422

Graphepleurus, U422

Gras, U272

Grasia, U526

Gray, U271

Gregorinra, U8S

Grecoky, U36, U37, U274, U288

Gregoryaster, US59

groove spine, UZ%

growth, U223

Gualreria, U588

Gualticra, U588

Gualtieria, U588

Guebhardanthius, U463

Guettaria, U530

GurLEy, U1B9

Gymnanthenea, U63
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Gymunasteria, U69
Gymnasteriidae, U69
Gymnechinus, U427
Gymunobrisinga, U76
Gymnacidaris, U382
Gymnocidarts, U333
Gymnodia, U102
Gymnodiadema, U438
Gymnograthaster, US55
Gymnolophus, U102
Gymmopatagus, U586
Gymnophiura, U93
Gymnotiara, U387

Habanaster, U342
Elabrocidaris, U412
Habroporina, U6
Hacelia, Ut4
Hadranderaster, U5
Tlaxcrrr, U273, U254
Hagenovia, U530
Hagenowia, U260, U530
Iaimea, U441, U448
hairs, U248
Halitvle, U63
Harc, U189, U195, UL9&, U200
Hallaster, U88
Hallasteridue, UBS
Humaxitus, U378
Flamerox, Us17, U630, U6S]
Hapalesoma, U346
Haplocrinites, U119
Huaplocystis, U167
Haplocystites, U167
Haplophiura, U93
Hardouinia, U494, U312
Hurduinia, U512
Fareria, U437
Huawkensia, UHS
Hawwrws, U124, U410, U443
Hawkhinsia, U445
Hebertia, U357, U416
Heerstoevphus, U357
Hectopedina, U357
Hremive & Paxyiveg, Ubsd4
Helgoeystis, U259, U539
Helianthaster, 165
Helianthasteridae, U38, UG5
Helianthasterinae, US6
Heliaster, U74
Helasteridae, U36, U38, U74
Helicoplacidae, U134
HELICOPLACOIDEA, U109,
ULl U2, U121, U131,
U133, U266, UHI2
helicoplacoids, U131
Helicoplacus, UL11, U112, U133,
U134, U642
Heliechinus, U429
Helikodiadema, U352
Heliocidaris, U435
Heliophora, U491
Helodiadema, U355
hemal system, U218
Hemiaster, U239, US48, U558
Hemiasterias, U76
Hemiasteridae, U259, U297,
Us48, Us50, U557

FIEMIASTERINA, U299, U548,
L5530, U557
Femibrissus, U392
Hemicara, U505
Hemicentrotus, U435
Hemicidaridae, U296, U369,
U370, U373, U374, U381
HEMICIDARIN A, U288, U381
Hermicidans, U258, U381
FIEMICIDARGIDA, U281, U287,
U288, U296, U369, U370,
U371, U372, U373, U374,
U3sl
Heniienemis, U43
Hemicodiopsis, U411
Hemicystis, U162
Hemicystites, U139, UL40, U149,
U152, UL53, U158, U159,
U162
Hemicystindae, U140, U142,
Ul44, U143, Ul4Y, U153,
U9, U160, Ul62
Hemidiaderna, U417
Hemiechinus, U427
Hemieuryale, U39
Hemicuryalidae, U39, 1799
Hemifaorina, U576
Hemigymnia, U576
Hemiheliopsis, U491
Hemimaretia, U608
Hemipatages, U609
Hemipedina, U357
Hemipholis, ULO0
Hemiphormosoma, U348
Hemipoeustes, U530
Hemipygus, U341
Hemisphaeranthos, U660, UE61,
U668
Hemithvlus, U399
Hemitiaris, 17382
HEMIZONIDA, L43
HEMIZONINA, U32, U37, U43
Henricia, U70
Henricides, U710
Heresaster, UT1
Hernandezaster, 1559
Herrerasia, U463
Herreraster, U591
Hesperocidaris, U335
Hessotiara, U288, U383
Heteractechinus, U398
Heteraetis, U398
Heteraster, U277, U553
Heterasierias, U76
Heterobrissus, U125, U622
Heterocentrotus, U267, U435
Heterocidaridae, U287, U295,
U365
Heterocidaris, U287, U366
Heteroelypeus, US07
Heterocosmus, U412
FHeterodiadema, U289, U383
Heteroechinus, U366
HETERQOGNATHES, U273
Heterolampas, U559
Hereronyclens, 17501
Heteropedina, U355
Heteropnenstes, U533
Heteropodia, U412

Echinodermata—Asterozoa—Fchinozoa

Heterosalenia, U375
Heterospatangns, USEL
Hererotiara, U387
Heterozonias, U67
Hewresuster, US6
Hexagramma, U390
Hexaster, U68
Hexasterias, U76
Hikelaster, U591
Hippasteria, U38
Hippasteriinae, U38, U538
Hipponos, U429
Histngeraster, U45
Histocrdaring, U321
Histocidaninae, U124, U253,
U321
Histocidaris, U321
holamphisternous, U254, U348
FHolanthus, U559
Holaster, U292, US28
Heolasteridae, U237, U297, U523,
U524, 1528
Holasteroida, U235, U247, U277,
U281, U291, U297, U524,
U545
holasteroids, U323
Huolusteropsis, U528
Holcoepvgns, U301
Holeopneustes, U559
Holectypida, U273
Holectypidae, U296, U443
HOLECTYPINA, U274, U275,
U281, U290, U296, U443,
U458
Holecrypinae, U443
Holecwvpoida, U234, U236, U239,
U273, U275, U281, U289,
U290, U246, U443
holectypoids, U440
Holeety pus, U229, U246, U275,
U289, U290, U441, U443,
U444
Holocentronotns, U435
Hologlvprus, U412
HOLOPHIURIN A, U37
Holopneustes, U422
HOLOSTOMES, U273
Holothuria, U651, U632
HOLOTHURIACE A, UG
HOLOTHURIADAE, Uil
HOLOTHURIAE, U64!
HOLOTHURIDA, U641
HOLOTHURIDAE, U4l
HOLOTHURIDEA, Ug4l
Holothuridae, U645, U654
HOLOTHURINA, U6}
HOLOTHURIOHIEA, U641
HOLOTHURQIDEA, UI0Y,
uUlli, U113, Uiis, Uuiai,
U175, Uedl, U642, Us4s,
Ué46
holothuroids, U126, U4l
Homalocidaris, U323
Homalophiura, U95
HOMAILOSTOMAT A, U274
HOMALOZOA, UI09, ULi0
hemalozoan pattern, U110
Homoeaster. US67
Homeaeopetalus, U623



HOMOGNATHES, U273
Homotanthoides, U565
HOMOIOSTELEA, U110
Homolampas, U259, U613
HOMOSTELEA, U110
Homotoechus, U301
hook, U653
Hoplaster, U586
Hosea, U63
Hosia, U63
hub, U653
Hudsonaster, U0
Hudsonasteridae, U17, U38, US0
Hudsonasterinae, 38, U0
Fungaresia, U516
Huansrueckaster, U53
Hupea, U472
Hurgeaster, U39
Hyattechinus, U304
Hybochinus, U303
Hybaoclypus, U499
Hybodyhus, 499
Hyboclypens, U499
Hyboclypus, U499
Hybodyhus, U199
Hydrasterias, U76
hydregonenore, U152, U154
Hydrophoridea, U152
hydropore, U152, U154, U201
Hygrosama, U346
Hysman, U120, U122, U214,
U218, U657
Hymenaster, U68
Hymenasterides, U68
Hymenodiscus, U78
Hymznosama, U6
Hypechinus, U431
Hyphalaster, U48
Hypodiadema, U387
Hypophiara, U88
hypaphyllode, U254
Hypopygurus, U497, U505
Hyposalenia, U379
Hyposaleniinae, U296, U379
HYPOSTOMA, U35
Hypsaiter, U551, U553
Hvpselaster, U569
Hypselolampas, U520
Hy psiechinus, U423
Hypsoclypus, U506
Hypsoheteroclypeus, U508
Hypsopatagus, U565
Hypsopygaster, U514
Hypsospatangus, U565
Hystrigaster, U65

lcalia, UL02
Icasterias, U76
Iconaster, U38
Ichobryssus, U591
Ldiocidaris, U379
Lhevingia, U485
Lheringiana, U485
lheringiella, U485
Theringing, U485
1larionia, U518
Hyaster, U46
imbricating, U201
imperforate, U238, U315

Index

included plates, U231, U254

increasing bilateral symmetry,
U548

Indiaster, U62

Indiaster, US75

inferomarginals, U22, U29

Inflataster, US43

Infraclypevs, U831

Infulaster, U530

inner tubercles, U231

insert, U227, U254

Insuflaster, U633

Insufulaster, U633

Integraster, U43, U358

integuinent, U201

interactinal, U2%

interamb, U254

interambulacra, U131, UL38,
U213, U236, U254, U266,
U315, U343, U370, U523

interambulacral, U139, U134,
U1Y5, U201

interambulacral plates, U299,
U453

interambulacrum, U154, U254

ic.terbrachial, U29

intercalary, U254

intermargmal, U29

intermediate, U29

internal fasciole, U242, U254,
U545

internal morphology, U221

internal support, U254

interporiferous area, U231, U315

interporiferous zone, U254

interpyramidal muscles, U245

interradial, U22, U29, U154,
U245

interradial suture, U229, U254

interradius, U154, U227, U254

interray, U29

Inyoaster, U87

Iraniaster, U541

Irenechinus, U423

wregular, U254

irregular echinoids, U213

IRREGULARES, U272

IREGULARIA, U270, U271,
U274, U275, U277, U340

IRREGULIERS, U274

Isaster, U554

Isaster, U62

Isechinus, U431

lsmidaster, U530

Isolampas, US07

[somicraster, U554

Isopatagus, U354

Isopetalum, US65

Isopncustes, U581

Isorophus, U139, C142, U143,
Ul52, U155, U162

Isorophusella, U143, U169

Jacksow, U124, U274
Jacksonaster, U473
Jacksonechinus, U302
Jizcobrella, U39
Jacquiertia, U400

U683

JarkeL, U11, U37, U155, U161,
Uiz7s5, UL90

Juekelaster, U74

Javanechinus, U418

jaw, U29

Jeannetia, U288, U404

Jeronia, U530

[estoNER-Szynianska, U226

Johannaster, U63

Jolyclypus, U523

Jovaster, U6

Kalicbullites, U659, U670
Kaliobullitidae, U659, U670
Kalyptasterias, U753
Kamptosoma, U259, U350
Kampylaster, U69
Karlaster, U485
kee), U254
Kenrickaster, U76
Kentrospondylus, USG
Kephrenia, U518
Keratophoras, U412
KesLing, U125, U206, U130
KrsLING & EnLers, U149
KrsLive & Mintz, Ul17, Ul47,
U150
Kewia, U482
Kewia, U482
Kikr, US4, U285, U291, U548
Kierechinus, U352
Kionocidaris, U335
KircHanEer, U226
Klasmura, U8%
Klasmuridae, U38, U89
Krrm, U270
Klemnia, U584
Koehleraster, U76, U345
Koenigia, U393
Koeratuphorus, U112
Koiospatangus, U586
Koninckoecidaris, U307
Koremaster, U46
Korethraster, U68
Korethrasteridae, U38, U68
Kyraster, U53

Labidiaster, U76
Labidiasterinae, U38, U76
Labidiastrella, U76
L:brotaxis, U530
labrum, U236, U254, U343
ladle, U633
LAFMOPHIURIDA, U37, U9
LAEMOPHIURINA, U39
Lactmaster, U67, U98
lactmogonidac, U645
l.acvipatagus, U608
Lagana, U472
Laganes, des, U472
Lagamdae, U296, U471
Laganidea, U462
LAGANINA, U281, U290,
U296, U468
Laganum, U290, U472
Lahiilea, U70
Lajanaster, U591
Lajanaster, U391
Laxarck, U35, U271



U684

LAMBERT & Trifry, U270, U274,
U459, Us48

Fambertechinus, U400

Lambertella, U46

Lambertia, U608

Lambertiaster, U567

Lambertiella, U377

Lambertona, U568

lamellae, U316

Lampadifornies, U273

Lampadacorys, U530

Lamprechinus, U423

Laniena, U443, U444

lantern, U243, U254, U300,
U343, U369

l.anternarius, U339

Lapworthura, U88

Lapworthuridac, U38, UBS

larval arms, U31

larval skeleton, U251

Lasiaster, U69

Laspalia, U91

lateral, U17, U29

lateral fasciole, U254

lateral groove, U154

latera! pore, U154

lateraanal fasciole, U255, U545

Larrurir, U270, U271, U272

lattice-plate rule, U650, U651

Lawbeanthus, U463

Lebetodiscus, U139, U140, U141,
U142, Ul44, U147, U165

lebrunaster, U69

Lefortia, US12

[eHMANN, U641

Leiaster, U4

Leilaster, U62

Leloactis, U63

Letocidaris, U330

Leiocorys, U528

Leiocyphus, U423

Leiodiadema, U357

Leiopatagns, U603

Leiopedina, U358

Letoplenrus, U430

Ieiopneustes, U565

leiosoma, U408

Leiasparangus, U608

Leiostomaster, U567

Lenicyamidia, U471

Lenita, U471

Leodia, U485

Lepidactinidae, U51

Lepidactininae, U38, U51

Lepidactis, U51

Lepidaster, U44

Lepidaster, U64

Lepidasterella, U65

Lepidasteridae, U37, U43

Lepidasterina, U42

Lepidechinoides, U307

Lepidechinus, U232, U307, U342

Lepidesthes, U303

Lepidesthidae, U293, U303

Lepidocentridae, U225, U275,
U285, U295, U304

LEPIDGCENTROIDA, U275,
U277

Lepidocentrus, U304
Lepidacidaris, U232, U319
Lepidoconia, Ul42, U147, U165
Lepidodiscus, U134, U138, Ul43,
Ul46, U152, Ul53, U169
Lepidapletrus, U423
Leptarbacia, U389
Leptasterias, U76
Leptechinus, U400
Leptechinus, U309
Leptocidaris, U365
Leptoclypus, U463
Leptadiadema, U352
LEPTOGNATHINA, U338, Uas
Leprogoraster, USS
Leptogonasterinae, US8
Leptogonium, U&2
Leptopleurus, U423
Leptoprychaster, U46
Lepeychaster, U46
Lepyriactinidae, U38, UGS
Lepyriactis, U§5
LeskEg, U270
Leskia, US66
Leskiadae, U271
Leskiidae, US66
Lethasterias, U76
Lewcaster, U67, U558
lever action, U12
Leviechinus, U542
Leymeriaster, U559
Libyelampas, U307
Linck, U35
Linckia, U31, U64
Linckiidae, 136, Ub4
Lindstroemaster, U45
Lindstroemasterininae, U45
Liwng, U335, U270
Linopneustes, U§22
Linthia, U576
Liopatagus, U605
Lissocidaris, U335
Lissodiadema, U352
Lissodiademaridae, U295, U341,
U344, U252
Lissonotus, U613
Lissophiothrix, U102
Lissespatangus, U591
Lithasoma, U863
Litonotaster, UG3
Lobophora, 17489
Lonchophorus, U607, U609
Lonchotaster, U47
Lonchotaster, U47
Lophaster, U67
Laphidiaster, U46
Lophopygus, U301
Lophopteraster, 68
Loriclaster, U86
Loriollella, U277, U291, U321,
U631
Loriolia, U387
Loriolipedina, U358
Lovén, UL19, U213, U237,
U451, U524, U548
Lovén system, U120
[.ovenechinus, U235, U309
Lovenia, U613
Lovénian symmetry, U255

Echinodermata—Asterozoa—Echinozoa

Lovénian system, U221, U255

Loveniidae, U297, US45, U548,
U550, U609

Lovenilampas, U523

Lovén's law, U222, US43

lower plate, U201

Loxechinus, U431

Lucas, U226

Lupwic, U35

Laetkenia, U96, U102

Luidia, U32, U43

Luidiaster, U48

Luidiidae, U32, U37, U42

lunule, U255

Lutetiaster, U576

Luydia, U43

Lychnidins, U514

Lydiaster, U63

Lymanaster, U575

lyre, U653

Lysaster, U48

Lysasterias, U76

Lysastrosoma, U77

Lyscchinus, U286, U437

LYSOPHIURAE, U37, U83

LYSOPHIURINA, U38, U83

Lytaster, U76

Lytechinus, U220, U264, U427

MacBrior & Spr~cEr, U266,
U285, U304
Maccoya, U309
MACHAERIDIA, U110
Machairaster, U48
Macraster, US55
macrocanal system, U452
Macrodiadema, U356
Macrolam pas, U307
Macrophiothrix, U102
Muacrophora, U485
Macropneustes, U591
Macroporaster, U51
Macroptychaster, U47
Macropygus, U365
Muculaster, U43
madreporite, U7, U20, U2,
U182, U227, U255, U650
Mapsen, U641
Magdalenaster, U69, U70
Magnosia, U412
Mahabissaster, U63
Malebosis, U425
Macreux, U199
mamelon, U231, U238, U255,
Uils
mamillary elevation, U201
Mammaster, U75
Manasterina, U&9
Manzonig, U627
Marcelaster, U48
Marcellaster, U48
Marctia, U609
Maretiidge, UG0S
margin, U255
marginal, U22, U29, U154
marginal fasciole, U242, U255,
uUs45

‘marginal ring, U1$1, 1199, U201

marginal series, U315



marginal tubercle, U231, U313
marginal zone, U201
Marginaster, U69
Mariania, U591
Mariaster, U63
Marsipaster, U68
Marthasterias, U76
Martinechinus, U423
Martinosigra, U530
Melechinus, U309
Melia, Ub4
Mellita, U258, U264, U485
Mellitella, U485
Mellitidae, U296, U485
Meclobosis, U633
Mélonéchinides, U273
MELONECHINOIDA, U275
Melonechinus, U212, U232,
U263, U271, U299, U309
Melonites, U271, U309
MELONITIDA, U274
Melonopsis, U309
Mengaudia, U633
Menopygus, U631
Menuthiaster, U542
Meoma, U592
Mepygurus, U499
meridoplacous, U255, U524
MERIDOSTERNATA, U275,
U277, U281
meridosternous, U237, U255,
U291, Us24
Merocidaris, U339
Merglam pas, U506
Merriamaster, U481
Mastaster, U62
masticatory apparatus, U255
Mastigactis, U6
Mastigophiura, U87
MartsumoTa, U37
Mattsechinus, U175, U447
Mauritanaster, U592
Mazzettia, U627
M’'Cov, U271, U283
Mecaster, U559
Meccostobrissus, U633
median dorsal, U2%
Mediaster, U62
Medoceckinus, U415
medulla, U247, U255, U316
Medusaster, U82
Meekechinus, U304
Megacidaris, U330
Megalaster, U568
MEGALOPODA, G275, U281,
U285
Megapatagus, U586
Megapedina, U357
Megapetalus, U622
Meganneustes, U592
Megapygus, U365
Meijerra, U616
Melebosis, U425, U633
mesamphisternous, U255, U548
mesoderm, UZ15
Mesodiadema, U275, U358
Mesopalaeaster, U18, US1
Mesopalaeasteridac, U38, U5l
Mesopalacasterinae, U38, U51

Index

MESOSTOMA, U271

Mespilia, U423

Mzssaoudia, U530

Metacrosalenia, U375

Metadontaster, US6

Mctalia, U597

Metaliopsis, U597

metapinnular, Ul4, Ul6

metapinnules, Ul4, U29, U39

Metaporhinus, U527

Mctaporinus, U527, U544

metasternal, U255

Mctholectypus, U444

Metopaster, U31, U57

Metrodira, U71

Metrodiridae, U38, U71

Merrodiringe, U71

Mevenaster, U76

Michelinia, U475

Micradites, U660, U668

Micraster, U544, U581

Micrasteridae, U297, U548, U550,
U580

MICRASTERINA, U297, U548,
U550, U580

Micrasterinae, U581

Microantyx, U656, U639, U660,
U668

microcanal system, U255, U268,
U451

Microcidaris, U321

Microcpyhus, U423

Microdiadema, U388

Microlampas, U448

Micropedina, U359

Mieropeltis, U405

Micropetalen, U443, U445

Microphiura, U98

Micropsidia, U401

Micropsing, U403

Micropsis, U401

Micropyga, U352

Micropsygidae, U295, U341,
U344, U352

Microsoma, U402, U448

mid-zone, U255

Migliorinia, U599

Mikrocidaris, U321

miliary, U255

miliary spines, U247

miliary tubercles, U238, U255,
u3ls, U3ls

milled ring, U247, U255, U316

MiILLER, TJ189

Milletia, U517

Miinia, U375

Milteliphaster, U63

Mimaster, UGS

Mimasteringe, U4

Mimastrella, U47

Miocidaridae, U124, U267, U295,
U312, U321

Miocidaris, U321

Miocyphosoma, U402

Miolampas, U506

Miomaster, U51

Miopedina, U337

Miopentagonaster, U62

Miophyma, U462

U685

Miorthopsis, U437

Miospondylus, U88

Miotoxaster, U551

Mirastrella, U69

Mistechinus, U403

Mithredia, U71

Mithrodiidae, U38, U71

Mithrodiinae, U71

Mizraster, US7

Moera, US76

Moira, U576

Motraster, U47

Muoiropsis, U576

Mokotibaster, US55

molpadiid type, U653

MOLPADIIDA, Us44, U645,
U650

Molpadiidae, U645

Moipadioites, U662, USF0

Monachaster, U63

Monamphiura, U102

Moenaster, U34, U350, U55

Monasteridae, U34, U338, U534

monobasal, U228, U255

monaocyclic, U227, U255

Monodiadema, U375

Monopholis, U102

Monophora, U485

Monophoraster, U485

Monophorasteridae, U296, U485

MONOPLACIDES, U273

Monostychia, U468

Moore, U5

Moors & Ferr, UlG1

Meronaster, U622

morphology. U9, U175, U191,
U313, U341, U367, Ub4d

MorrExsen, U123, U124, U125,
U257, U270, U275, U278,
U286, U340, U373, U451,
U460, U492, U524, U545,
U548, U629

Mortensenaster, U603

Mortensenia, U753, U433

Mortensenites, U659, U660,
uas6l, Ueh4

Mortonella, U477

Mortonia, U471

Mortonia, U477

mosaic, U201

Moulinia, U485

Moulinsia, U485

mouth, U23, U29, U201

mounth frame, Ull, UL3, U29

mouth shield, U29

mouth-angle plates, Ul4, U29

MiNsTER, U646

multiserial, U255

Muwier-CusLmas, U273

Muraxasr, U37

Murravechinms, U412

Mryannin, U123, U266, U275

Myonota, U48

Myonaotus, U48

MYOPHIUROIDEA, U37

Myoraster, U67

Myriastiches, U307

Myriotrochidae, U645

Myriotrochites, U668
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Myxaster, U68 Notopygus, U501 ophicephalous, U255
Myxasterinae, U38 Noviaster, U62 ophicephalous pedicellariae, U251
Msyxoderma, U75 Nucleolides, U271 Ophidiasteridae, U31, U34,
Nucleolites, U495, U497, U501 1738, U4

Nacopatagns, U609 Nucleolitidae, U271, U292, U296, Ophiectodia, U98
Nacospatangus, U609 U495, U497, USOKO Ophieatodia, U98
Nannolampas, U629, U630 NUCLEGLITOIDA, U281, U291 Ophientrema, U98
Nannophiura, U102 Nucleolus, U633 Ophiernus, U97
Narcissia, U4 Nucleopygus, U497, U514 Ophioaethiops, U102
Nardoa, Ué4 Nueleopyrina, U445 Ophiobleana, U98
Narindechinus, U401 Nudechinus, U428 Ophiobrachicn, US0
Narrawayeifa, U197, U205, U206  Nudobrissus, U627 Ophiobyrsa, U0
Nauricia, U47 Nullamphiura, U102 Ophiobyrsella, U90
Nearchaster, U48 Nullophelis, U102 Ophiobyrsinac, U38, USQ
neck, G238, U247, U255, U316 Nyctimene, U462 Ophiocamax, U98
Nectria, U58 Nymphaster, U62 Ophioeanpsis, U102
Nectriaster, US8 Nymphaster, U062 Ophiocanopidae, U38, U89
Nectriinae, 1138, US8 Ophiocanops, U89
Nehippasteria, US8 oceluded plate, U231, U255 Ophiocentrus, U102
Neacatopygus, U518 Ochctes, U514 Ophiocentrus, U100
Neoclypens, US0S ocular plate, U227, U255, U266 Ophiuceramis, U96
Necferdina. U4 ucular pore, U255 Ophioceres, U9
Neolaganidae, U296, U475 oculogenital ring, U255 Ophiochaeta, U98
Neolaganum, U475 Odinella, U78 Ophiochaleis, U95
Neolampudidae, U291, G297, Odinia, U78 Ophiochasma, U98

U629 Odontaster, US5 Ophiochondrella, U98
NEOLAMPADINA, U291, U628 Odontasteridac, U38, USS Ophiochiton, U7
NEOLAMPADOIDA, U297, odontophore, U14, U29 Ophiochitonidae, U97

U291, U628 OEGQPHIURIDA, U31, U35, Ophiochondringe, U99
Neolampas, U629 38, Us2 Ophiochendrus, U99
Neomorphaster, U77 QEGOPHIUROIDEA, U37, U82 Ophiochorus, U95
Neomarphasterinae, U38, u77 Oeid'olampa.r, LS08 Ophlochrysis, U9
Neopalacaster, U18, US1 Offaster, U530 Opluochytra, U100
Neopalaeasteridae, U38, US1 Ogmaster, U58 Ophiaocirce, U7
Neopatagus, U633 Ogmeocidaris, U323 OPHIOCIST1A, U174, Ul8S
Neoplax, U89 OkEvw, U35 OPHIQCISTIOIDEA, U109,
Neopneustes, U60) Olenellus Zone, U109, U266 Ulll, UL12, C113, U121,
Neorumphia, U475 Oligophyma, U428 U185 )
Neosmilaster, U76 Oligopadia, U633 OPHIOCISTIOIDES, U185
Nepanthia, U6 oligoporous, U255, U309 ophiocistioids, Ui26, U174
nervous system, U219 Oligopygidae, U290, U296, U443, Ophioclastus, U98
Nesasterias, U76 U483 Ophiocnemis, U102
neuropore, U230, U255, U315 Gligopyginae, U448 Ophiccnida, U102
Nicrovs, U214, U218, U257, Oligopygus, U441, U443, U448 Ophrocridella, U102

U260, U261, U263, U451, Ombria, U440 Ophiocema, U97

U544, U348, U627 ontogeny, U3l, U155, U201 Ophiccomella, U97
Nidorellia, U63 Onychaster, U0 Ophiocomidae, U39, U97
Nina, U569 Onychasteridae, U38, U90 Ophiocomina, U97
Nipponaster, U482 Oolaster, U328 Ophioconis, U98
Nissew, U225 Ooclopygus, US05 Ophiocopa, U98
NODOSTOMAT A, U274 Opechinus, U423 Ophiccormus, U983
Noetlingaster, U231, U404 open petal, U234 Ophiocrasis, U97
Noetlingta, U404 Ophiacantha, U98 Ophiocrates, 1796
nencidaroid Paleozoic echinoids,  Ophiacanthella, U98 Ophiocreas, U91

U298 Ophiacanthidac, U39, U98 Ophiccrene, U92
nonconjugate pores, U231, U3[5  Ophiactidae, U39, U100 Ophiocrossota, U95
noncrenulate (parapet), U238, Ophiactinge, U100 Ophiocryptus, U98

U316 Ophiactis, U100 Ophiocten, U5
Nordenskjoeldaster, 1542 Ophiagona, U96 Ophiocyclus, U99
Nordenskjdldaster, U542 Ophialcaea, U98 Ophiocymbium, U9S
Notasterias, U76 Ophiambix, U98 Ophiocynodns, URY
Notasteriinae, U75 Ophianoplus, U97 Ophiocypris, U6
notch, U255 Ophiarachna, U97 Ophiodaces, U238
Notechinus, U425 Ophiarachnella, U97 Ophiodaphne, U100
Natioceramus, US3 Ophigrachninge, U97 Ophiodelas, U99
Notocidaris, U323 Ophiaregma, 1100 Ophiodera, U89
Notelampas, U630 Ophiarthrum, U97 Ophioderma, U97
NOTOMYOTINA, U22, U32, Ophiaulax, U28, U93 Ophiodermatidae, U39, U97

U33,U38, U48 Ophiaxina, U162 Ophiodesmus, U7



Ophiodictys, U9%
Ophiodiplax, U98
Ophiodoris, U7
Ophicdyscrita, US7
Ophiogema, U9
Ophiogeron, U89
Ophioglypha, U5
Ophioglyphina, UYS
Ophiuglyphoida, U99
Ophiogona, U%6
Ophiogymna, U102
Ophiogyptis, U99
Ophivhelix, U102
Ophiohelus, U89
Ophioholcus, U999
Ophiohyalus, U89
Ophiohymen, U8Y
Ophialebella, U%6
Ophiolcbes, U99
Ophioledn, USG9
Ophialeila, U99
Gphivlepididae, U906
Ophiolepidinae, U38, U6
Ophioleptoplax, U8%
Ophiolepus, U96
Ophioleuce, U97
Ophioleucidae, U39, U96
Ophiolimna, U%9
Ophiolipus, U96
Ophialogimus, U9
Ophiolophus, U102
Ophiolycus, UBS
Ophioma, U102
Ophiomages, U96
Ophiomaria, U96
Ophiomastinae, U935
Ophiomastix, U97
Ophiomastus, U9
Ophiomaza, U102
Ophiomedea, U99
Ophiomelina, U9
Ophiomidas, U%6
Ophiomisidium, U96
Ophiomitra, U99
Ophiomitrella, U99
Ophiomoeris, U99
Ophiomonas, U102
Ophiomora, U89
Ophiomusa, U6
Ophiomusiun, U%6
Ophiomyces, U99
Ophiomycetidae, U98
QOphiomytis, U99
Ophiomyxa, U89
Ophiomyxidae, U38, U89
OPHIOMYXINA, U38, U89
Ophiomyxinac, U38, U§2
Ophioncus, U98
Ophicnermna, U102
Ophionephthys, U102
Ophioncreididae, U39, U97
Ophionereidinae, U97
Ophionereis, U97
Ophionotus, U%6
Ophionyx, U102
QOphiopacpale, U98
Ophiopallas, U%7
Ophiopege, U3
Ophiopeltis, U102

Index

Ophiopenia, U%%6
Ophioperla, U97
Ophiopetra, U98
Ophiopeza, U98
Ophiopezella, U98
Ophiopholis, U100
Ophiophragmus, U102
Ophiophrixus, U90
Ophiophrura, U99
Ophiophthalmus, U929
Ophiophthirivs, U102
Ophiophycis, U96
Ophiophyllum, U%6
Ophiopinax, V98
Ophiopinna, U99
Ophioplax, U97
Ophiopleura, U9
Ophioplinthaca, 99
Ophioplinthus, U%6
Ophioplocus, U%6
Ophioplus, U9
Gphiopora, U99
Ophiopristis, US8
Ophioprium, U93
Ophiopsammivm, Uiz
Ophiopsammus, U%8
Ophiopsila, U97
Ophiepteris, U97
Ophioptcron, U102
Ophiopus, U100
Ophicpyren, U97
Ophicpyrgoides, U96
Ophiopyrgus, U6
QOphioripa, U99
Qphioscalus, U9
Ophioschiza, U0
Ophiosciasma, U89
Ophioscolex, U89
Ophiosemnotes. U99
Ophiosmilax, U%0
Ophiosparte, U99
Ophicsphacra, U102
Ophiosphalma, U%6
Ophiospilinae, U7
Ophiostegastus, U98
Ophicsteira, U%6
Ophiostiba, U3
Ophiostigma, U102
Ophiostyracium, U89
Ophiosyzygus, UBS
Ophioteichus, U6
Ophiateresis, U102
Ophiothamnus, U99
Ophiothauma, U%9
Ophiothela, U102
Ophiotholia, U99
Ophiothricidae, U39, U102
Ophiothrix, U28, U102
Ophiothyreus, U6
Ophiotitanos, U6
Ophiogalfa, U6
Ophiotoma, U99
Ophiotrema, U99
Ophiotreta, U98
Ophiotrichoides, U102
Ophiatrigonum, U102
Ophiotriton, ue?
Ophiotrochus, U7
Ophiotylos, U%6

U687

Ophiotypa, U9
Ophiovesta, U9
Ophiozea, U935
Ophiczona, U%6
Ophivzonella, U96
Ophiczonoida, U9
Ophiura, U27, U35, US5
OPHIURA, U37
Ophiurases, U99
Ophiuraster, U96
Ophiuraster, U%6
OPHIUREAE, U35, U92
Ophiurella, U103
Ophitrelia, T90
OPHIURIDA, U27, U28, U35,
U37,U38, U78,L92
Ophiuridae, U335, U38, U78, U93
OPHIURIDAE, U35, U95
Ophiunna, U93
Ophiurinae, U38, U95
Ophiurnidae, U38, U93
Ophiuriocoma, U103
Ophiurochaeta, U98
Ophiuroconts, U98
Ophiuredon, U98
Ophiuroglypha, U96
ophiuroid arm, Ulf
QPHIUROIDEA, U35, U36,
L37,U38, U78, U111, U173
Ophiurolepis, U96
Ophiuropsis, U91
Ophiurothamnus, U99
Ophryaster, U682
Opisopneustes, U530
Opissaster, U363
Oppenheimia, U6UY
oral. U7, U29, U154, U255,
u3is
oral disc, U191, U201
oral intermediate, 130
oral papilla, U30
aral slit, U30
aral surface, U213
ORrBiGNY, D', U272
Orbignyana, U526
Orchoporus, Uds]
ordo militaris, U646
Ordoviciaster, U0
Oreaster, U63
Oreasteridae, U34, U38, U63
Orechinus, U423
orientation, U221
Oriolumpas, US08
orpament, U153
Qrnaticannula, U660, U662
Ornithaster, U568
orotegminal, 154
Orthanthus, U163
Orthasterias, U76
Orthechinus, U403
Orthocidaris, U331, U438
Orthocyphus, U403
Orthodiadema, U390
Ortholophus, U424
ORTHOPSINA, U286, U289,
U374, U437
Orthopsidae, U296, U374, U437
ORTHOPSINA, U281, U289,
U437
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Orthopsinae, U437
Orthopsis, U437
orthosternous, U255
Ortmannia, U70

ossicles, U9, U22, 130, U201
Othitia, UT0

Ottiliaster, U519
Oustechinus, U528

Ova, U569, U633
Oviclypeus, U448
Ovulaster, U548, U581
Ovulechinus, U448, U523
Ouvten, 11633

Oxclypeina, U463
Oxyplenra, U463

Pachechinus, U435
Pachopsites, U661, UG64
Pachopsitidae, U664
Pachyaster, 162
Pachycentrotus, U435
Pachycidaris, U321
Pachyclypens, U631
Pachyclypus, U631
Pachylampas, U508
Paedastertas, J76
paired lateral fascioles, U242
Palaeactis, U65
Palaeaster, U8, US0
Palacasteraceae, U33, U38, U48
Palaesteridae, U38, U48, U49
Palaeastering, U45
Palaeasterinidae, U45
Palacchinasteridae, U42, UGS
Palaechinidae, U225, U232, U295,
U299, U309
PALAECHINOGIDA, U267, U281,
U283, U284, U295, U298,
U309
Palacchinus, U232, U271, U283,
U284, U299, U309
Palaeechinus, U309
Falaenectria, US3
Paleeobringidae, U83
Palaeobrissus, U622
Palaeobrysius, U622
Palaeochiridota primaeva, U645
Palacocidaris, U317
Palacocorna, U8
Palaeocoma, UBD
Palaeocncumaria, U653, U658,
U665
Palaeocucumaria, U664
Palacocucumariidae, U653
Palacodiadema, U352
Palacadiscus, U307
IPALAEOECHINOIDEA, U273
Palacogoniasteridae, 1152
Palacolampas, US06
Palacopedina, U287, U289, U360
Palacophiomyxa, U7
Palaeoghiura, U8S7
Palaeophiuridac, UR7
Palacophvomyxidae, U87
Palacopneunstes, U125, U624
Palacopneusridae, 1614
Palacosolaster, U45
Palacosolasteridae, U45
Palucospondylidae, USSR

Palacospondylius, USS
Palacostella, U53
Palacostellidae, US2
Palacostoma, U366
Palacostomata, 1566
Palacostomatidae, U297, U548,
U550, US66
Palacostominae, U551
Palacorrema, U624
Palaeotropus, U622
Palaespondylus, U88
Palacura, U27, U82
Palaeuridae, U38, US2
Palasteracanthion, U71
Palasterina, U45
Palasterinidac, U32, U37
Palasteriscidae, U34, U37, U42
Palasteriscus, U32, U42
Palasiropecten, U8S
Faleanthus, U463
PALECHINIDA, U273
PALECHINIDEA, U272
Pajéchinides, U273, U277
Palechinus, U309
Palechtinus, U309
Paleoechinoneus, U445
Palcochiridota, U659, U669
Paleochiridotidae, U639, U699
paleoecology, U203, U257, U537
Paleopneustes, U624
Paleopneustidae, U614
Paleotrema, U624
Palhemiaster, U565
Palmasterias, U78
Palmeraster, U555
Palmipedinae, 69
Palmipes, UGY
Pandelia, U102
Panglyptus, U412
Panxning, Us44
papilla, U30
papula, U17, U30, U331
papular pore, U30
Parabatus, U571
Parabrisinga, U78
Parabrissus, U576
Paracentrotus, U433
Paracidaris, U335
Paracrinoidea, UT11
Paracrocmida, U102
Paracucumarites, U660, U664
Paracucamidae, U643, U645
Paracucumis, U643
Paradicoptella, U4:5
Paradoxechinus, U424
Paragonaster, U59
Paralampas, U515
Paralophaster, U67
Paramaretia, U609
Paramphiura. U102
Paranepanthia, U69
parapct, U238, U3i5
Paraphermosaoma, U348
Parapneustes, U578
Parapvgus, U497, U508
Pararchaster, U48
Pararchasterinae, U48
Parasalenia, U436

Echinodermata—Asterozoa—Echinozoa

Parasaleniidae, U124, U296,
U370, U436

Parasaleninage, U436

Parascutella, U477

Paraster, U569

Parasterigs, U75

Parastering, U69

Parastichaster, U75

Parastomechinus, U104

Parastropecten, U46

Parating, U463

Paratinanthus, U463

Paratrema, U424

Parechinus, U433

Parhabdocidaris, U330

Parxinson, U271

Parmulechinus, U477

Paronaster, U533

FAROPHIUE A, U37, U1

PAROPHIURINA, U38, USl

Purrhabdocidaris, U331

Parvioctoidus, U660, U664

Parvispina, U659, U661, U662

Passalaster, U523

Patagiaster, U47

Patiria, U69

Patiriella, U69

Pauha, U63

Panliella, U64

Pauropygus, U448

Pavayva, U462

Pawson & Frvr, Ul17

paxilla, U17, U30

FPAXILLOSA, U43

PAXILLOSAE, U36, 37

paxillose, U30

PAXILLOSIDA, U17, U20, U22,
uz3, U3z, U37, u43

Pectinaster, U48

Pectinidiscus, U47

Pectinura, 198

Pedatapriscus, U660, U667

pedicel, U235

pedicellariae, U23, U30, U230,
U247, U249, U255, U268,
U315, U343, U458, U524

Pedicellaster, U76

Pedicellasteridac, U36, U76

Pedicellasterinae, U38, U76

Pedina, U287, U345, U357

Pedinidac, U295, U357

Pediniens, les, U357

PEDININA, U281, U287, U357

Pedininge, U357

Pedinoida, U287, U295, U341,
U342, U344, U357, U373

Pedinopsis, U388

Pedinothuria, U352

Pelagothuria, U649

Pelagothuriidae, U645

Pelanechinidae, U348

Pelanechininae, U295, U348

Pelanechinus, U286, U287, U342,
U344, U349

PELMATOZ04, U109, UL11,
ul7s

pelmatozoan, U154

Pefraris, U379

Peltaster, U63



Pelrastes, U379

Pelrgsalenia, U379

Penangaster, U43

Penesticta, U503

Pentaceraster, U63

Pentaceropsis, U4

Pentacerns, U63

Pentacerotidae, U63

Pentadactyla, U642

Pentagonaster, US8

pentameral, U154

pentamerous, U154

pentamerous symmetry, UL38

Pentaster, U63

Pentasteria, U46

Pentasterias, U46

Pentastéries, U46

Peranaster, U76

perforate, U238

perforate twbercle, V255

perforation, U315

Pergamaster, US8

perianal coelom, U215

Periarchus, U477

Periaster, US76

Peribolaster, U68

Peribolaster, UE8

Peribrissus, U576

Pericosmidae, U297, U548, U550,
U563

Pericosmus, U568

Peridontaster, U553

perignathic girdle, U243, U255

perihemal system, U218

Perinatns, U433

Periaxus, U327

Peripatagus, U624

peripetalous, US45

peripetalous fasciole, U242,
U255

peripharyngeal coelom, U215

peripharyngeal crown, U650

peripheral ring, U140, Ul45

periplastronal, U236

Peripneustes, U594

peripodium, U255

periproct, U149, U154, UL82,
U201, U255, U266, U457,
U494, U524

periproctal coelom, U215

periproctal system, U242

Perisalenia, U376

PERISCHECHINIDES, U273

Perischocidaris, U301

Perischodomus, U308

PERISCHOECHINIDA, U271,
U283, 0297

PERISCHOECHINIDAE, U272

PERISCHOECHINOIDEA,
U273, U274, U278, U281,
U283, U295, U297, U312,
U340

Perispatangns, U586

Perissasterias, U76

Perissogonaster, U39

peristome, U147, U154, U182,
U255, U266, U342, U369,
U451, U524

peristomial sysiem, U243, U255

Index

perivisceral coelom, U215
Perknaster, U89
Permocidaris, U317
Peronella, U473
Peroncllites, U475
Peronia, U400
Peroniaster, US58
perradial, G229, U255
perradial suture, U255
perradius, U154
Perrikr, U36, U37
Persephonaster, U47
peal, U255, U451, U493
Petalaster, U43, U519
Petalastrum, U357
Petalobrissus, US12
Petalocidaris, U325
petaloid, U234
PETALOSTICHA, U272, U274
Petraster, U32, U43
Petrasteridae, U32, U37, U43
Petricia, U70
Petropegia, U659, Utb4
Phalacrechinus, U401
Phalacrocidaris, U325
Phalacropedina, U360
Dhaleropygus, U520
Phaneraster, G537
phanerozonate, U30
FHANEROZONIA, U36
Pharaonaster, U661
Pharia, U64
Phataria, U4
Phelsumaster, U482
Phelsimia, U182
Phidiaster, U47
Puire, U279, U291, U238
Phillipsastez, U71
Philonaster, U537
Phocidaster, U39
Pholidaster, U75
Pholidechinus, U308
Phalidocidaris, U308
Phormosoma, U343, U348
Phormosematinae, U295, U348
Phoxaster, U46
Phragmactidae, U8
Phragmactinidae, U38, U81
Phragmactis, U81
Phrissocystis, Ub16
Phrissopleurus, U412
PHRYNOQPHIURIDA, U28,
U35, U37, U3s, UBY, U127
PHRYNOPHIUROIDEA, U37
Phyale, U537
Phyalopsis, U537
Phyllacanthus, U330, U331
Phyllobrissus, U493, U305
Phylloclypens, U515
phyllode, U234, U253, U493
Phyllophoridae, U644, U645
Phytlophorinae, U644
phylogeny, U31, U266, U301,
U459, U454, Ubdl
Phymapatagus, 1J608
Phymarosoma, U385
Phymechinus, U405
Phymopedina, U362

U689

Phymosoma, U288, U289, U395

phymosamatid, U231

Phymosomatidae, U296, U370,
U371, U373, U395

PHYMOSOMATOIDA, U281,
U287, U288, U296, U370,
U371, U372, U374, U3%4

Phymaosomiens, les, U395

PHYMOSOMINA, U288, U3%4

Phymotaxis, U405

Physaster, U542

PILEATOIDA, U274, U365

Pilemateckinus, U537

Pileus, U342, U365

Pilisens, U4l

piltar, U255, U653

Pironaster, U447

Pisaster, U76

Pisolampas, U629, U630

Pithodia, U444

Placodiadema, U389

Placophiothriz, U102

Placothuria, U113, U642

Placathuriidae, U642, Ut43,
U645

Plagiechinus, U433

Plagiobrissus, U602

Plagiochasma, U505

PLAGIOCYST A, U274

Plagionotus, U602

Plagiopatagus, U609

Plagiopneustes, U591

Plugiopygus, US15

DPlagiostomus, U602

Planilampas, U308

plastron, U236, U255

Platanaster, U13, U32, U42

Platanasteridae, U42

Platanchoriformidae, U664,
U665, U670

Platasterias, U5, Ul4, U24, U32,
U4t

Platasteriidae, U37, U41

plate, U201, U255, U450, U653

plate systems, U222

platferm, U198, U201, U238,
U315

Plaupygus, U523

Platyarthra, U103

PLATYASTERIDA, U32, U34,
U37, U42

Platybrissus, U624

Platybryssus, U624

Platyclvpeina, U463

Plaryplenira, U463

Platyspatus, U608

Plazaster, U77

Plectaster, U70

Plegiocidaris, U337

Pleiocyphus, U413

Plenardea, U64

Pleraster, U633

Plesianthus, U463

Plesiaster, U603

DPlesiastropecten, U46

plesiechinoid, U234

Plesiechinus, U287, U365

Plesiocidaris, U384
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PLESIOCIDAROIDA, U273,
U274, U281, U286, U287,
U290, U370, U436

Plesiocorys, U533

Plesiodiadema, U259, U342,
U343, U352

Plesiodiadema, U389

Plesiolampas, U508

Plesiolampas, U517

Plesiopatagus, U603

Plesiopeliis, U408

Plestosalentg, U375

Plesiospatangus, U603

Plesiozonus, U624

Plethotacnia, U592

Pleurechinus, U440

Pleurechinus, U425

Pleurocidaris, U440

Plearocidaris, U330

PILEUROCYSTI, U270

Pleurodiadema, U401

Plenropygns, U515

Pleurasalenia, U378

Plexechinus, U537

Plinthaster, U538

Pliocyphosoma, U395

Phiolampadidae, U296, U497,
U517

Pliolampas, U517

Pliophyma, U463

Phivtoxaster, U531

Phstophyma, U408

Plococidaris, U330

Plumaster, UG8

pluriserial, U213, U315

pluteus, U31, U251

Plutenaster, U47

Plutonasteridae, U435

Podasterias, U76

padial epening, U30

podial pore, U30, U154

podium, U11, U30, U154

Podocidaris, U413

Podophora, U259, U435

Podosphaeraster, U5

pointing, Ul2

Polirolampas, US08

Polyaster, U67, U475

Polyasterias, U76

Polyeidaris, U323

Polycyphus, U406

Polydesmaster, U355

Polydiadema, U353, U389

Polyechinus, U433

Polvgoniopygus, U412

Polypedina, U349

POLYPLACIDES, U273

Polyplodia, U387

polvporous, U255

Polysalenia, U375

Polytaxicidaris, U320

Poser, U270, U273, U548

Powmelia, U512

Pomelopsis, U312

Pontaster, U48

Pantasterinae, U148

Pontioceramus, US8

Porania, U15, U24, U9

Poraniella, U70

Poraniidac, U38, U9

Poraniomorpha, U70

Poraniopsis, U70

Poraniopsis, U7Q

Poranisca, U70

Poraster, U4

Porccllanaster, U48

Porcellanasteridae, U32, U38§,
U47

Porechinus, U309

pore pair, U230, U256, U315

poriferous area, U231, U315

Poriccidaris, U323

Porobrissus, US4

Porocidaris, U316, U330

Porocidaris, U323

Poropeltaris, U381

Paropeltis, U3EL

Paorosoma, U402

Porpitella, U471

Pourtalesia, U213, U259, U537

Pourtalesiidae, U259, U297,
U523, US24, U537

pourtalesiids, U269

Pradesura, U19, U0

Pradesuridae, U35, U38, US0O

Praescurella, U491

preanal plates, U255

Prenaster, US76

Priamaster, U46

Priamastéridees, U45

Priamasterinae, U45

primmary ambulacral plate, U230

primary circlets, U22, U30

primary plate, U256

primary spine, U247, U256,
U315, U546

primary tubercle, U238, U256,
uslse, Us24

primordial plates, U230, U256

Priatechinus, U425

Prionaster, U47

Prionechinus, TJ425

Prionocidaris, U330

Priscopedartidae, U645, UAK0,
Up6l, Uhoh

Priscopedatus, UA60, U661, U666

Prisculatrites, Us60, U646

PROCASSIDULOIDA, U274

Procassiduius, US135

Procidaris, 1323

Procidaris, U330

Procollyropsis, US27

Procucumaria, U662

Prodiadema, U3R2

Proechinus, U633

Proescutella, G491

Prognaster, U75

Progonechinus, U417

Progoniaster, U63

Progonelampas, U307

Prohalaster, U527

PROMELONARIA, U273

Prometalia, U557

Promopalaeaster, U34, U53

Promopalaeasteraceae, U34, U38,
us3

Promopalaeasteridae, U38, US3

Pranechinus, U301

Echinodermata—Astevozoa—Echinozoa

Propedina, U357
Propedinidae, U357
Proraster, US78
Prosechinus, U301
Prosostoma, U624
Prospatungidae, U605
Prospatangus, U605
Prostichopus, U662
Prasynapra, U665
Protactininae, U45
Protactis, U45
protamphisterncus, U256, U548
Protarthraster, U74
Protarthrasterinae, U3, U74
Protaster, U87
Protasteracanthion, U71
Protastenidae, U34, U87
Protasterina, URT
Protechinus, U404
Prownaster, US76
Proterocidaris, U263, U267,
u3nz
Protheeha, U859, U668
Protholothuria, U653, U654
Protobrissus, U586
Protocaudina, U636, US5E, U63Y,
Ub61, U668
Protocavdinidae, U645, U656,
U658, U659, U660, U661,
Ua68, U669
Profocentratus, U433
Protocidaris, U440
Praorocidaris, U308
protocrinid, U277
Protocyamus, 1444
Protoechinus, U308
Protolampas, U450
Protopalacaster, G50
Protopalacasteridue, USD
Protoreaster, U64
Protoscutella, U477
Protoscutellidae, U290, U477
PROTGSTERNATA, U277,
U281, L291]
protosternous, U237, U256, U524
Prototiara, U400
protractors, U245
protrusible cone, U18
PROTURINA, U7, U38, U78
proximal, U30
Prymnadetes, U557
Prymnaster, U569
Prymnechinus, U418
Prymnodesmia, U580
Psalidaster, U76
Psammechinus, U220, U258,
U265, U289, U433
Psammalampas, U307
Psephechinus, U406
Pseudabatus, U571
Pseudananchys, U533
Pscudanthenea, U4
Pscudarbacia, U406
Psendarbacina, U426
Pseudarchaster, US9
Psercdarchaster, 1159
Pscudarchasterinae, U38, US9
Pseudaspidura, U103
Pseudasterostoma, U616, U624



Pseudechinaster, U76
Pscudechinus, U425
Pseudholaster, U533
Pseudoastrodapsis, U482
Pseudaboletia, U428
Pseudobrissus, U578
Pseudocatopygus, U508
Pscudocaudina, U633, U655
Pseudacentrotus, U428
Pseudocidaris, U385
Pseudocodiopsis, U411
pseudocompound, U233, U256,
U451
pseudocompound plate, U233
Psendodesorella, U303
Pseudodiadema, U288, U289,
U386
Pseudodiadematidae, U285, U289,
U296, U369, U3r], U373,
1374, U386, U394
Pscudodicoptella, U368, U425
Prendodiscaides, U444
Prendedontaster, US6
PSEUDOECHINACEA, U280
PSEUDOECHINOIDEA, U281
Psendvepiaster, U553
Pseudoffaster, U533
Pseudogoniodiscaster, U63
Pseudohaimea, U445
Fsendolinckia, U4
Pseudolovenia, U614
Pseudomaretia, U609
Pseudonepanthia, U69
Preudonuclens, U505
Pseudopalasterina, U4S
Pseudopatagus, U586
Psendapechinus, U423
Pseudopedinag, U363
Pscudophidiaster, Ué4
Pseudopilens, U444
Pseudoplopodia, U3IR6
Pseudoporama, U70
Psendapygaster, U631
Pscudopygaulus, U519
Pseudopygurus, U499
Preudopyrina, U443
Pseudoreaster, U4
Pscudorthopsis, U363
Pseudosalenia, U376
Pseudosarella, U493, US05
pseudospire, UG53
Psendovulechinus, US16
Psilaster, U47
Peilasteropsis, U47
Psilechinus, U427
Psilocidaris, U325
Psilosalenia, U358
Psilosoma, U500, U402, U403
Psolidae, U643, U644, U643
Psolidium, U644
Psolus, U134, U644
Psychacidaridae, U285, U295,
U313, U315, U338
Psychocidaris, U338
Psychropotidae, U645
Pteraster, U68
Pterasteridae, U23, U3l, U346,
U383, U6s
Pterasterides, UGS

Index

Pulonaster, U8
Pycinaster, U39
Pycinasterinae, U39
Pycnaster, U39, US81
Pycnolampas, U625
Pycaopodia, U77
Pycnopodiinae, U38, U77
Pygaster, U229, U275, U287,
U365
pygasterid, U234
Pygasteridae, U253, U365
Pygastercida, U239, U281, U286,
U287, U289, U295, U340,
U341, U344, U365
Pygastrides, 1508
Pygaulus, U505
Pyvgidiolampas, U312
Pygmaeocidaris, U413
Pygomalus, U291, U527
Pygomaulus, U291
Pygomma, U408
Pygopistes, US06
Pygopyrina, U445
Pygorhynchus, U497, U506
Pygorhytis, U527
Pygospatangus, U623
Pyguropsis, U500
Pygurostoma, U513
Pygurus, U499
pyramid, U256
Pyrenaster, U58
Pyrenodia, U631
Pyrgocystis, U126, U139, U140,
Ul41, U133, UL55, U156,
U158, U165
Pyrina, U445
pyrinid, U234
Pyrinodia, U631
Pythonaster, UG8
Pythonaster, UGB
Pythonasteridae, U38, U68
Pythonasterinae, U38, U68

Quadraster, U76
Quinaster, U43
quinqueradiate, U154
Quirenia, U9

Rachiosoma, U402
racquet, U653

radial, U30, U155, U256
radial compass muscles, U245
radial shields, U290, U30
Radiaster, UG5
Radiasteridae, U38, U64
Radiatae, U35

radiating layer, U247
radii, U227

Radiocbrissus, U603
Radiocyphus, U417
radioles, U230, U247, U256
Radiclus, U440
Radiorotuia, U491

radius, U155
Rafinesquina, U142, U158
Rundasia, U63
Raphidechinus, U433
Rathbunaster, U77

Raup, U225

U691

Ravenela, U517
Ravenellia, U485
Rarniaster, US7
ray, U30, U155
Ravymonp, Ul45, ULRS, U191,
U192, U196
Recrosalenia, U376
Recurvaster, US7
reduced plate, U230, U256
RecwéLL, U125, UI3S, ULTS,
U178, U183, ULS0, U192,
U194, U195, Ulvs, U201,
U205
regular, U236
regular cchinoids, U213
REGULARES, U272
KEGULARIA4, U270, U271,
U274, U275, U340
REGULARIA ECTO-
BRANCHIATA, U274
REGULARIA ENDO-
BRANCHIAT A, U274
REGULIERS, U274, U277
Remang, U137
Remaster, U68
Remondella, U482
reproduction, U31, U268
reproductive system, U219
Reso & WEGNER, L6538
resperatory pore, U30
respiratory tube feet, U268
Ressopygus, U499
Retaster, UGS
retractors, U245
Rhabdechinus, U440
Rhabdabrissus, U603
Rhabdobryssus, U603
Rhabdocidarinae, U124, U295,
U328
Rhabdocidaris, U328
Rhabdepleurus, U415
Riabdorotiformidae, 1662, UGS
Rhabdotites, U655, U660, U662
Rhaphidoclypus, U462
Rhaphydociypus, U463
Rhegaster, U9
Rhenaster, U533
Rhenechinus, U299, U303
Rhenopyrgus, U166
Rhenosquama, U175, U176,
U182, U187
Rhenosquamidae, U187
Raimobrisius, UGL4
Rhinobryssus, U604
Rhipidaster, U67
Rhipidecystis, U175
Rhodostoma, UR?
Rhoechinns, U307
Rhombifera, U137
Rhopalocidaris, U325
Rhopalacoma, U81
Rhopalocomidac, U38, USL
Rhepalodina, U649
Rhepalodinidac, U643, U645
Rhapia, U70
Rhopiella, U70
Rhopostorna, U450
Rhynchocidaris, U324
Rhyncholampas, U514



U692

Rhynchapygus, U515
Rhynobrissus, U604
Rhyssobrissus, U592
Ricurer, Ul75
Rigaudites, U638, U661, U670
rim, U653
ring canal, U30
ring nerve, U23
Ricucr, U647, UG58
Ripaster, U47
Rispalia, U333
rod, U653
Rodocystis, U539
Roemeraster, U71
Roemerasterinae, U71
Rojasaster, U463
Rojasia, US04
Rosaster, U63
rosette, U217
Rostrogalerus, U430
Rostropygns, U508
rostrum, U256
Rata, U659, U669
Rotapedina, U352
Rotiformidae, U668
Rotula, U290, U491
rotula, U245, U256
rotula-muscles, U245
Rotulechinus, U431
Rotulidae, U296, U491
ROTULINA, U24t, U290, U296,
U456, U491
Rotulinag, U271
Rotulinae, U481
Rotuleidea, U491
Rotundaster, U369
Rovasendia, U627
Rumanaster, U78
Rumphia, U475
Runa, U491

sagittal piane, U155

Salenmia, U288, U377

$alenidia, U378

Salenies, des, U271, U377

Saleniidac, U242, U296, U369,
U371, U373, U374, U377

SALENIINA, U274

Saleniinae, U296, U377

SALENINA, U288, U375

SALENIOIDA, U287, U288,
U296, U368, U369, U370,
U371,U0372, U373, U374,
U37s

Salenocidaris, U378

Saljasterias, U76

Salmaciella, G425

Satmacis, U425

Salnracopsis, U423

SaLTeR, U189, U195

SALTER & Bririvas, 189

Salteraster, U26, U71

Samlandaster, U490

Sanchezaster, U337

Sanchezella, U475

Sandiegoaster, U582

Sanfilippaster, US78

Santeelampas, U520

Sardocidaris, U339

Sarkaster, U67

Sarsella, U613

Sarsiaster, U565

Sarmplitecken, U145, U155

Savagella, U197, U198, U205,
U207

Savignya, U350

Saviniaster, US76

Scagliaster, U533

Seaphaster, UT1

Scaphechinus, U481

Scaptodiadema, U438

ScHAFFER, U451, U460

Schizaster, U220, U258, U348,
us69

Schizasteridae, U297, U548,
U550, U569

Schizasteringe, U569

Schizechiniens, Les, U426

Schizechinus, U429

Schizobrissus, U594

Schizocidaris, U325

Schizoderma, U98

Schizapneustes, US78

Schizospondylus, U103

Schizostella, U92

Schleinitzia, U330

Schlueteraster, U74

ScHLUMBERGER, U646

Schlumbergerites, U660, U667

Schlumbergeritidae, U660, U667

ScummT, U650

Schoenaster, UB6

Schoenasteridae, U83

Scrdnpory, U6

SciuccHerT, U175

Schuchertia, Ul 3, U63

Schuchertiidae, U38, U85

Sclerasterias, U76

sclerite, U642, U647, U650

Sclerodactylidae, U645

Scleradactylinae, U644

Sclerothurites, U661, U670

Scolechinus, U425

Scoliechinus, U429

Scotiaster, 1769

scrobicular circle, U238

scrobicular spine, U316

scrobicular tubercles, U316

scrobicule, U238, U256, U316,
U546

Scutaster, U489

Scutasteridae, U296, U489

Scutella, U290, U451, U477

SCUTELLARIA, U273, U290,
U476

Scutellaster, U481

Scutellidae, U271, U276, U477

SCUTELLINA, £J281, 11290,
U296, U459, U471, U476

Scutellinoides, U468

Sertellum, U491

Scutolampas, US07

Scutulum, U490

Scnium, U362

SCYTACTINATA, U4l

SCYTODERMATA, U4l

secondary spines, U247, U256,
U3lé

Echinodermata—Asterozoa—Echinozoa

sccondary tubcrcles, U238, U256,
U316

SerLacHER, UG41

Selenechinus, U435

Semiclypeus, U450

Semipetalion, U609

Semperiellinae, U644

Senegaster, U43

septa, U256

Serpianotiaris, U367

sessile, U155

Seunaster, U533

shaft, U247

shank, U653

shape, U494

Sibogaster, U63

side shicld, U30

Sideriaster, U47

Sidonaster, U48

sieve plate, U256, U653

SieverTs-Dorick, U190, ULSI1,
U192, U193, U195, U200,
U201, U205

Sigsbeia, U99

Silax, U102

Silesiaster, U93

Siluraster, Ul8, U51

Silurasterinac, U38, U51

Silurocidarns, U268, U320

simple plate, 17231

Sinaechinus, US76

Sinaecidaris, U327

SmvcLalr, Ul43, Ul47

Siraster, US8

Sismondia, U475

skeletal elements, U650

skeletal morphology, U220

skeletal structures, U9

Skouraster, U566

Siapewn, U36

Sladenia, U64

Smilasterias, U76

Sarr, Ul12

socket, U247, U653

Socomia, U69

soft parts, U23, U155

solar, U142

Solaster, U66

Solasteridae, U38, U6

Sorras & Sorras, U175

Sollasina, U174, U175, U177,
U178, U179, U180, U182,
U183, UI8S

Sollasinidae, U1BS

Somaliaster, U541

Somaliasteridae, U297, US41

SOMASTEROIDEA, U32, U35,
U386, U37, 039, U111

Spandelites, U661, U670

Spaniaster, U51

Spaniocyphus, U289, U436

Spatagobrissus, U605

Spatagocystis, U539

Sputagodesma, U571

Spatagoides, U528

SPATANGARLA, U274

Spatangidae, U271, U297, U548,
U550, U605

SPATANGINA, U271, U275



Spatangites, U633

Spatangoeida, U233, U237, U247,
U274, U275, U281, U291,
U292, U297, U545, US50

Spatangotdea, U271, U274, U292

Spatangoides, U272

spatangoids, 11268, U543

Spatangomorpha, U603

Spatangonia, U274

Spatangues, U271

$patangus, U213, U238, U260,
U261, U262, U292, US48,
U633

Spatangus, U633

Spatiformes, U273

Spatoclypus, U526

spear, U653

SpENCER, U9, U36, U37

Spenceraster, U62

Spenceraster, U61

$penceria, US7

Spcrosoma, U346

Sphaeraster, U34, U35

Sphaeraster, UT(

Sphaerasteridae, U34, U38, US5

Sphaerechinus, U429

Sphaeriaster, U70

Sphacriediscus, U57

Sphaciites, U53

Sphacronites, U203

Sphaeronitida, U202

Sphaeranitidae, U202

Sphaerotiaris, U386

Sphelatus, US00

spheridia, U247, U251, U256,
U343

spicule, U30, U251, U256

spike, U251

Sprleccta, U412

spine pit, U3D

spines, U23, U30, U247, U256,
U268, U301, U316, U372,
U457, US43

Spinohenricia, U70

Spinram, U665

SPINULOSA, U65

SPINULOSAE, Ul36, U37

SPINULOSIDA. Ul7, U20, U32,
T34, U37, U38, U6S

spire, U653

spoke, U653

Spoladaster, U70

spoon, U653

Sporadocyphus, U406

Sporastcrias, U75

Sporotaxis, U403

Squamaster, UBY

Stauranderaster, US5

Stauranderasteridae, U34, U38,
Us5

Stauraster, U55

Staurocumites, U660, U666

Steganablastus, U136

Stegaster, U533

Stegnaster, UGS

Stegnobrisinga, U78

Stegophiura, U96

Stellae fissae, U35

Stellae integrae, U35

Index

Stellaria, U45
Stellaster, U38
Stellasteropsis, U4
Stellatae, U35
STELLERIDAE, U35
Stellevides, les, U35, U39
STELLEROQIDEA, U31, U36,
U37, U39, UlLlL, UL7S
Stellona, U75
Stenaster, U20, U27, U82
Stenaster, U477
Stenasterias, U76
Stenasteridac, U38, UB2
Stenechinus, U364
Stenocorys, U539
Stenonaster, U539
Stenonasteridae, U297, U523,
Us24, U539
Stencnig, U539
STENOPALMARIA, U273
Stenopatagus, US65
Stenurida, Ul4, U7, U31, U35,
U37, U38, U78
Stephanaster, U38
Stephanasterias, U76
Stephanacidaris, U325, U330
Stephanopsis, U437
Stephanoura, U93
Stephomma, U437
Sterechinus, U433
Sterecaster, U103
Stereacidaridae, U325
Stereccidarinae, U124, U245,
U3as
Stereocidaris, U325
stereom, U213, U256, U316
Stereopedina, U357
Stereopneustes, US24, U533
Srereopyga, U386
STEREOSOMATA, U274, U281
sternal plates, U256, U543
STERNATA, U274
Sternopatagus, U537
Sternotaxis, U533
sternum, U236, U256
Sthenocephalus, U92
Stichaster, U76
Stichasteridae, U735
Stichastrella, U76
Stichopites, U660, U662
Stichopitidae, U645, U659,
U660, U661, U662
Stichopodidae, U645
Stickorella, U75
Srigmatepygus, U513
Stirechinus, U433
stirodont, U246, U256
STIRODONTA, U275
stirrup, U653
stock, U653
Stolasterias, U75
Stolonoclypus, U462
Stomaporus, U605
Stomechiens, les, U403
Swomechinidac, U289, U296,
U370, U371, U373, U403
Stomechinus, U403
Stomopneustes, U288, U407
Seomopnenstidae, 17403

U693

stone canal, U9, U30, U155
Strepraster, U142, U147, U167
Streptocidaridue, U321
Streptocidarinae, U321
STRKEPTOPHIURAE, U37
STREPTOSOMATA, U274
streptospondyline, U30
Strictechins, U403
Strictotiara, U390
stroma, U155, U213, U316
Stromatocystis, U160
Stromatocystites, U111, U133,
U138, U139, U140, U141,
U145, Ul47, U155, U157,
uUl60, U266
Stromatocystitidae, U144, U149,
U159, U160
stromatocystitids, U277
Strongylocentrotidae, U296, U367,
U370, U435
Strongylocentrotus, U258, U259,
U263, U265, U435
Stwderia, U520
Stueria, U660, U661, UB6S
Stuertzaster, U20, UROD
Stuertzura, U4l
Sitirtzura, U41
Stylasterias, UU76
Stylocidaring, U330
Stylocidaris, U337
STYLOPHORA, U110
Styphlaster, U63
Styracaster, U48
Seyrechinus, U433
subambulacral, U154
subanal fascicle, U242, U256
sublaterals, U17
submarginal plate, U201
submarginal ring, U191, U196,
U201
subpetaloid, U234, U256
substomial chamber, U155
subvective groove, UL55
subvective system, U153
superambulacral, U30
superomarginal, U22, U30
supradersal membrane, U31
supramarginal, U30
suranal plate, U242, U256
suture, U155, U256, U316
Swan, U263
Sykesia, U412
Sympterura, UB8
Synallactidae, U645
Synaptellidae, U670
Synaprellns, U670
Synaptidae, U643, U655, U657
synaptid-type, U653
Synaptites, U661, U662, US7D
Synaptitdae, U845, U661, U662,
U670
SYNASTERIDES, U273
Synaching, U533

table, U653
Taemactinidae, U38, UG5
Taeniactis, UGS
Taeniaster, U7
Taeniaster, U533



U694

Taeniasteridae, US7
Taenitra, USS
Tuamaria, Ub4
Taphraster, U533
Taphropygrs, US0L
Tarachaster, UG9
Tarphypygus, U471
Tarsaster, U76
Tarsastrocles, U76
Taxophyma, U428
teeth, U245
Tegulaster, U69
Teichaster, U63
Temnaster, U6, U591
Temnechinus, U425
Temunholecrypus, U444
Temnocidaris, U328
Temnodiscus, U444
Temnopleuridae, U296, U370,
U372, U373, U418

TEMNOPLEURINA, U289, U414

TEMNOPLEURQIDA, U239,
U281, U287, U288, U367,
U368, U370, U372, U373,
U414

Temnopleurus, U289, U418

Temnotrema, U425

tentacle, U30, U642

tentacle pore, U30

Tenuirachnius, U482

Tering, U403

TerM1ER & Tenvier, U275, 5277

Termiceria, U522

terminal, U23, U30

terminal ossicle, U23

grminal tentacle, U256
rminclogy, U652

Tesselaster, USH

Tessellés, U272, U273

test, U132, U175, U213, U256,
U315, U368, U450

Tethyaster, U47

tetrabasal, U228, U256

Tetracidaris, U315, U339

Tetragoniopygus, U412

Tetragramma, U390

TETRAPLACIDES, U273

Tetrapygus, U413

tetraradiate rod, U653

Tetraster, US2

Tetravirga, U659, U663

Tetrediscus, U489

Thagastea, U471

Thallatocanthus, U659, U668

Thebaster, U601

theca, U137, U155, U175, U201,
U300

thecal plate, U155, U300

theeal pore, U155

theeal skeleton, U139

Thecaporinus, U527

Thecocystidae, Ul61

Thecocystis, U165

THECOIDEA, U136

Tuiet, U644, UGH6

Theelia, U659, U660, U661,
U668

Theelia, UG6S

Theeliidae, U645, U659, U660,
U661, U668, U669

Thegaster, U471

Theodoria, U%6

T kesaporbinus, U527

Thiervchinus, U407

Thigopygus, US01

third aperture, U150, U155

Tholaster, US5, U333

Tholeopelta, U463

Tholoeystis, U202, U203

Thomasaster, U513

Thomasia, U513

Thoracaster, U48

Thresherodiscus, U138, U140,
U142, U150, U156, UL69

Thrichodiadema, U330

T hrichoprocins, U609

Thrissacanthias, U47

Thuroholia, U642, U658, Ue4

Thurcholia, U664

Thylechinus, U402

Thylosalenia, U375

Thyonidiinae, Ub44

Thyoninae, U644

Thyraster, U70

THYRQIDEA, Ul36

Tiarechinidae, U286, U288, U294,
U367, U369, U371, U373,
U437

Tiarechinopsis, U407

Tiarechinus, UZ&6, U287, U437

Tiaridia, U341, U353

Tiaris, U386

Tiaromma, U391

Tiarotropus, 1J406

Timeischytes, U139, U140, U147,
Ul49, U152, U167

Tingitanaster, U633

Titanaster, U533

Tithania, U528

Togocyamus, U472

Tomidaster, U59

Tonia, U76

tooth, U256

tooth papilla, U30

Toporkovia, U8

Toraster, US8

Tercumatica, U418

Tornquistellus, U309

torus, U30

Tosia, U8

Tosiaster, US8

Tournoueraster, U491

Toxaster, U277, U292, U545,
U551

Toxasteridae, U297, U545,
U548, U551

TOXASTERINA, U297, U548,
U550, U551

Toxabrissus, USR4

Toxocidaris, U435

Toxopatagus, U533

Toxophyma, U429

Toxopneustes, U427

Toxapneustidae, U296, U369,
U370, U373, U426, USS0

trabeculae, U316, U653

Trachyaster, US59

Echinodermata—Asterozoa—Echinozoa

Trachyaster, U2
Trachypatagus, U605
Transspondylus, U103
Trethaster, U69
Tremasteridae, U34
Tremasterinae, U38, U9
Tremataster, UB9
TREMATOPHIURINA, 1737
Trematopygus, U505
Trentonaster, UGS
Tretechinus, U308
Tretocidaris, U338
Tretodiscus, U489
triad, U231
Triadechinus, U407
Triadocidaris, U321
Triboletia, Ud6
Tribrachidium, U138
Trichaelina, U633
Trichaster, U92, U127
Trichaster, U45
Trichasteridae, 192
Trichasteropsis, U22, U32, U45
Trichodiadema, U633
Trichotaster, U103
widentate, U256
tridentate pedicellariae, U249
Tridontaster, U56
trigeminate, U256
Trigonocidaris, U425
Trimeraster, U53
trimerous, U155
triphyllous, U256
triphyllous pedicellariae, U251
Triplacidia, U425
Triplastcrias, U76
Triplechinidae, U431
Tripncustes, U429
Tripylaster, U569
Tripylus, US78
Trisalenia, U379
Tristomanthus, U520
Tritonaster, U47
trivium, U30, U229, U256
Trochalia, US05
Trochalosoma, U408
Trochitaster, U103
TROCHOCYSTITIDA, U157
Trochodiadema, U393
Trochoechinus, U289, U436
Trochatiara, U391
Tromikosoma, U346
Trophodiscus, U47
Tropholampas, U629, U630
Tropidaster, UG8
Tropidasteridae, U34, U38, U67
Troschelig, U591
Trumechinys, U423
tube foor, U7, Ull, U30, U155,
U180, U217, U230, U256,
U266, U546
Tuberagster, U609
tubercles, U230, U256, U315,
U371
tuberculation, U494
Tiberculinag, U412
TUMULOSINA, U38, US4
Turanglaster, U543
turret, U653



turriform, U653
Turriformidae, U666
Tawirchellia, U481
Tylaster, U70
Tylaster, U63
Tylasteria, U63
Tylacidaris, U339
Typhlechinus, U309
Typocidaris, U325

Uracas, U109, U126, UL75

Ulrichaster, U74

Ulrichidiscus, U139, U142, U171

ultimate superomarginals of
inferomarginals, U22

ultramphisternous, U256, U548

Uncinulina, U659, U660, U663

Unding, U64

Unifascia, U605

Unifasciidae, U582

Unicphora, U76

Unioplus, U102

uniserial, U231, U256

upper plate. U201

URACTININA, U34, U38, U71

Uranaster, U43

Uranasteridae, U43

Uraster, U75

Urasterella, U71

Urasterellidae, U38, U71

Urasterias, U76

URASTERINA, U71

Urechinidae, U297, U523, U524,
uUs35

URECHININA, U277

Urechinus, U536

Urosoma, U87

Valettaster, US5
Vallettaster, US28
Valsalenia, U379

Index

Valvaster, U70

Valvasteridae, U38, U70

Valrasterides, U70

Valvasterinae, U70

VALV ATA OU GRANULOSA,
U48

VALVATAE, U36, U37

VALVATIDA, U17, U20, U23,
U3z, U33, U37, 038, U48

valvular, U155

Vaneyellidae, U643, U645

Vaquerosella, U482

Vasconaster, U613

VELATA, U635

ventral, U30, U155, U201

ventral disk, U201

ventral membrane, U201

ventral shield, U30

ventrolateral, U30

Verbeckia, Ubl4

Verbeekia, U614

Vernius, U440

vertebrac, U16, U30

verucillate, U247

Victoriaster, U569

Vierier, U36, U37

Viliebrunaster, U9, U13, U4l

Villcbrunasteriidae, U37, U39

virgals, Ul4, U30, U39

Volchovia, U126, U173, U178,
U179, U182, U183, U1&6

Volchoviidae. U186

Vologesia, U516

Vomeraster, U565

Wacxnrg, U451

Warcorr. U641
Walcottidiscus, U139, 17161
Washicaster, US66

water vascular system, U30,

U216, U268

U695

water vessel, U266
Weishordella, U475
wheel, U653
whirler, U155
WiLLrams, ULS5
WricHT, U272
Wrighsella, U312
Wrighthia, U312
Wythella, U475

Xanthobrissus, U597
Xenaster, U8, US2
Xenasteridae, U38, U52
XKenechinus, U312
Xenocidaris, U321
Xenocystites, U161
Xenorias, U67

Xenura, U103

Xysteria, U312

Yarravaster, U533
Ypsilothuria, U113
Ypsilothuriidae, U643, U645

Zanolettia, U463

Zanolettiaster, USBH

Zenoccntrotus, U435

Zeugaster, U384

Zeuglopleurus, U426

ZEUGOPHIURINA, U38, U87

ZEUGOPHIUROIDEA, U87

ZitrrL, U35, U36, U272, U284,
289

Zoroaster, U74

Zoraasteridae, U3R, U74

Zuffardia, U522

Zumoflenia, U535

Zygophinrae, U37

zygophiuroid. T30

zygupore, U256

zygospondyline. U30




