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ECHINACEA

By H. BARRACLOUGH FELL and DAVID L. PAWSON
[Victoria University of Wellington, New Zealand (transferred to Harvard University and Smithsonian Institution)]

INTRODUCTION
By H. BARRACLOUGH FELL

The Echinacea comprise endocyclic Eu
echinoidea in which the lantern is of stiro
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 to 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
are of Late Triassic age, and thus the super
order seems to have been differentiated at
about the same time as the Diadematacea,
and presumably both groups are derived
from cidaroids. The surviving orders of
Echinacea are predominantly shallow-water
and littoral forms of cosmopolitan distribu
tion, though 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 seem to be at their maximum develop-

ment at the present time. Among these are
some of the largest extant echinoids. Ven
omous species are seldom encountered, with
exception of some Toxopneustidae, which
have large aboral globiferous pedicellariae
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 lesser
importance in Tertiary seas, as rather of
their lesser opportunity for preservation as
fossils, since wave action and the absence of
mud in reef areas frequented by most Echi
noida would tend to destroy their tests or to
reduce them to unidentifiable fragments.
The Temnopleuroida 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 Echinoida. Of the older groups of Echi
nacea, only the Tiarechinidae seem to have
been adapted to reef habitats, though it is
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 struc
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. BARRACLOUGH FELL

TEST
The body shape is essentially subspherical

(e.g., Echinus, see Fig. 322,2c), 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., Diplotagma, Fig. 301,2b), or
flattened, almost discoidal tests on the other
hand (e.g., Coelopleurus, Fig. 305,1b; Plis
tophyma, Fig. 301,1a; Actinophyma, Fig.
295,2c). The majority of genera have a
more or less hemispherical test, somewhat
flattened below. Among the Echinoida, 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
proct, 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 5), nor any corresponding trun
cation or elongation on the anterior side
(amb III). Evidence of the existence of an
anteroposterior axis is nonetheless easy 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 Pseudodicoptella, with a test less
than 3 mm. in diameter, to massive echino
metrids such as Evechinus, in which the
test may measure 150 mm. in diameter, and
the echinoid Echinus esculentus, 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 genera of
Echinometridae the plates may become
greatly thickened and the test correspond
ingly robust 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 initially dicyclic in

the Mesozoic Echinacea (e.g., Pseudosalenia,

see Fig. 274,2a) and this fundamental pat
tern is retained throughout the group, in
cluding Tertiary and Recent representatives
(e.g., Echinus, see Fig. 322,2b). However,
as in the Cidaroida and Diadematacea, the
anus shows a persistent tendency to move
toward the rear along the anteroposterior
axis passing through amb III and interamb
5; this leads to the insertion of ocular I
(e.g., Acrosalenia, Fig. 273,3b), or more
commonly to the insertion of both ocular I
and ocular V (e.g., Pseudocentrotus, see Fig.
321,3a). Somewhat rarely ocular IV may
also become insert (e.g., Sterechinus, see
Fig. 322,3), or the whole apical system may
return to its archaic pre-echinacean mono
cyclic condition (e.g., H emidiadema, see
Fig. 311,11). The anus may tend to move
posterolaterally, so that some genera con
sistently exhibit a posterodextral anus, and
a consequential adapical displacement of
oculars I and II (e.g., Heterosalenia, see Fig.
274,11); 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 position 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
dae as have acquired an ellipsoidal test,
through elongation along one or other of the
horizontal axes, the major axis of morpho
logical symmetry (anteroposterior axis) re
mains unaffected, as proved by the consis
tent insertion of oculars I and V, through
resorption of the adproctal borders of the
adjacent genital plates. This axis of sym
metry corresponds to the Lovenian plane,
and is the same as can be observed even in
some of the Cidaroida. 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 (see 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
anal pyramid of some pelmatozoans and
provide one of the ordinal characters of
arbacioids (though usually lost in fossil
specimens) .

LANTERN AND PERISTOME

The major morphological distinction be
tween the Diadematacea and Echinacea
rests in the structure of the lantern. All or
ders of Diadematacea retain an aulodont
lantern, essentially like that of the Cidaroi
da, having unkeeled teeth and an open
foramen magnum in the jaw. The four sti
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 overgrowth
of the epiphyses, which meet in the inter
radial mid-line of each jaw. As noted below
(p. U437), a similar condition evidently
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 already 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 is
more or less pentagonal or decagonal in the
stirodont orders, where the gill slits are gen
erally rather distinct (e.g., H emicidaris, see
Fig. 280,1 b); this is also true of the Toxo
pneustidae among the camarodont orders
(e.g., Schizechinus, see Fig. 320,3a). The
other camarodont families have rather in
distinct gill slits, and consequently a more
rounded peristome. Gill slits are not appar
ent in the Tiarechinidae (see Fig. 325,lb,
U), a family of uncertain affinity, here pro
visionally associated with the stirodonts (on
account of arbacioid features).

The development of accessory (second-

ary) plates in the peristomial membrane
varies with the family and seems to have
little relationship to the ordinal category.
Thus, among camarodont orders, both tem
nopleuroid 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 stirodont
families, though it is rather densely plated
in the extant representatives, especially in
the Saleniidae (e.g., Salenocidaris, see Fig.
276,4b).

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 Acrosaleniidae will eventually
be discovered with the same character. In
Acrosaleniidae so far known, the plates are
compounded in trigeminate groups, accord
ing to the diadematoid pattern (p. U231),
the larger element being the median one of
each triad (e.g., Heterosalenia, see Fig. 274,
1b). The pore pairs form a single series,
disposed meridionally in each column,
though a partial triserial arrangement may
develop adorally. In the Saleniidae, simple
bigeminate or trigeminate plates occur (e.g.,
Hyposalenia, see Fig. 277,Jd); 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 ambulacrum contracts abruptly, so
that on the aboral surface the plates are
simple primaries, carrying only small tuber
cles (e.g., Plesiocidaris, see Fig. 281,la).

Primary plates occur in some genera of

© 2009 University of Kansas Paleontological Institute



U370 Echinodermata-Echinozoa-Echinoidea

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 Stomechinidae. As in the
preceding orders, the compounding in Phy
mosomatoida is invariably of the di:ldema
toid type. Examples of these are illustrated
in Figures 293-304.

The Arbacioida (see Figs. 305-309) ex
hibit compound plates, usually trigeminate
but polyporous in some, though some in
stances of simple plates without compound
ing are known (but never involving the
entin: ambulacrum). In all Arbacioida the
compounding is of the arbacioid type (p.
U23l), 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 pore 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. 322,1b). If polyporous plates devel
op, the additional demiplates therefore are
always located above the major element
(e.g., Echinometra, see Fig. 324,6). Com
pound ambs of the echinoid types are not
known earlier 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

echinoid plates occur in the family Temno
pleuridae, where the pore zones may be
monoserial, 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 adorally 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 relatively enormous pri
mary tubercle (e.g., Heterocentrotus, see
Fig. 324,7a-c).

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.e., 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 Glyphocyphidae to be ancestral to
other Temnopleuroida) this was trans
formed into echinoid compounding in mid
Cretaceous times.

INTERAMBULACRA

In oldest stirodont Echinacea, notably the
Salenioida, Hemicidaroida, and some Phy
mosomatoida (groups which can be traced
back to the Late Triassic and Early Juras
sic), the interambulacra present a cidaroid
aspect (e.g., Heterosalenia, see Fig. 274,la;
Hemicidaris, see Fig. 280,11). This is on
account of the massive development of a
single primary tubercle on each interamb
plate. In the Salenioida and Hemicidaridae
(Hemicidaroida), the areole 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 tubercles 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 seem to point
to 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 series in each
area, arranged vertically and horizontally
(e.g., Tetragramma, see Fig. 291,1h). 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 Echinometridae.
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 (i.e., third) column of inter
amb plates, situated between the two col
umns normally present in Euechinoidea.
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. 280,1f) is supplanted by

later evolved imperforate and noncrenulate
conditions (see Fig. 306,3b). The two tran
sients (perforate passing to imperforate, and
crenulate passing to noncrenulate) evolved
more 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
cidaridae, Pseudodiadematidae) 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 crenulation
(see Fig. 297,2c). Since other characters
suggest a relationship with Hemicidaroida,
we may guess that the Phymosomatidae are
imperforate derivatives of that order, the
first such derivatives to arise, and still re
taining the original crenulation. 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
phymosomatoid 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 throughout 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 (Toxopneusti
dae) is not known prior to the early Oligo
cene, when they already had imperforate,
noncrenulate tubercles, a condition retained
to the present time. Of the four families of
Echinoida, none is known with certainty
before the Paleocene (Echinometridae),
though some doubtful members of the fam
ily Echinidae occur in Early Cretaceous
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,
Echinoida) were the last to become differ
entiated, and all six surviving families of
these two orders have imperforate tubercles;
five of the six have also lost the crenulation.
Of the more ancient groups which still have
surviving members, the Arbacioida, like
Echinoida and Temnopleuroida, have im
perforate 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 Phymosomatidae, 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

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 epistroma may appear as
ridges which unite chains of secondary tu
bercles, commonly in more or less radiating
or zigzag patterns about or between the pri
mary tubercles (see Fig. 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. 317,1b). 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 is especially characteristic of
some Salenioida (e.g., Hyposalenia, see Fig.
277,1/, h-j).

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. It is
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,la; 274,2e) , Hemicidaroida (see Fig.
280-285), some Phymosomatoida (see Fig.
293) and Arbacioida (see Fig. 306). These
point to a cidaroid, rather than diadematoid,
ancestry of the stirodont 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. BARRACLOUGH 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 expressed by MOR
TENSEN (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
stirodont 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 DURHAM & MELVILLE (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 details, the criticism must be made
that hollow spines seem most unlikely to
have given rise to the characteristic massive
cidaroid spines of early families of stirodont
echinoids, whereas it is no more difficult to
envisage the independent development of
keeled teeth in diadematoids than the double
origin of camarodont dentition, and the lat
ter is now generally accepted. The fact that
most Diadematacea share with Echinacea
paired buccal plates in the peristomal mem
brane might be cited as evidence of affinity,
since known cidaroids do not share this fea
ture. However, a multiplated peristome is
known in the Salenioida, and the general
weight of other evidence (reviewed by
MORTENSEN, 136b) seems to exclude the
Diadematidae 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 common
early Triassic ancestry. In the former order
the Acrosaleniidae would be the earlier stock,

giving rise to Saleniidae in mid-Jurassic
times, some members of the latter still sur
viving. Among the Hemicidaroida, the
Pseudodiadematidae were differentiated by
Late Triassic time and evidently represent
the older of the two familial lines involved,
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 (136i) to have arisen as two
distinct lines derived from stirodont Echina
cea. The Temnopleuroida may have
evolved from Pseudodiadematidae, if we ac
cept the Glyphocyphidae 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
mosomatid ancestry for the Temnopleuridae
and Toxopneustidae, since these families
share imperforate tubercles, and the older
Temnopleuridae also share crenulation with
the Phymosomatidae.

The Echinoida were thought by MORTEN
SEN (136i) to represent another camarodont
development from a stirodont ancestry,
which he sought among the Stomechi
nidae, presumably because imperforate
noncrenulate tubercles appeared first in
Stomechinidae.

DURHAM & MELVILLE (52), citing an ear
lier opinion of MORTENSEN (136b), have
suggested an origin for the Arbacioida
among the Hemicidaroida, but this view is
difficult to relate to the known history of
the evolution of the tubercles. It seems that
the Tiarechinidae are a more promising
source, though little is known of this Trias
sic family.

DURHAM & MELVILLE (52) 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 DURHAM & MELVILLE to
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Trias. Jur. Cret. Paleog. Neag.
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FIG. 272. Time ranges of families and orders of Echinacea and of Orthopsida (Echinacea or Diadematacea).

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 MORTENSEN (136i), the Hemicidaroi
da must represent the initial stock of a line
which included the Pseudodiadematidae,
and although MORTENSEN 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
stirodont Echinacea, sharing perforate cren
ulate tubercies, 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 MORTENSEN (136i), the
Orthopsidae, although camarodont, cannot
be derived from stirodont Echinacea, and
must represent a separate line, perhaps of
aulodont origin. DURHAM & 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 insuffi
cient evidence at present warrants erecting
a separate superorder for their reception, the
Orthopsidae are here regarded as a distinct
order, Orthopsida, of uncertain superordinal
affiliation.

STRATIGRAPHICAL
DISTRIBUTION

By H. BARRACLOUGH FELL

The recorded time ranges of the orders
and families of Echinacea are indicated in
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Figure 272. Owing to lack of information
on the buccal plating and pedicellariae in
most fossil genera, it is impracticable to
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 misleading em
phasis to Recent genera.

SYSTEMATIC DESCRIPTIONS
By H. BARRACLOUGH FELL and

DAVID L. PAWSON

Superorder ECHINACEA Claus,
1876

[nom. correct. DURHAM & MELVILLE, 1957 (pro Echinideae
CLAUS, 1876)] [Diagnosis prepared by J. W. DURHAM and

R. V. MELVILLE]

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

Order SALENIOIDA
Delage & Herouard, 1903

[nom. transl. FELL & PAWSON, herein (ex Salenina DELAGE &
HEROUARD, 1903, p. 235J [=Calycina GREGORY, 1900 (name

not hased on any included taxon)]

Lantern stirodont. Test of cidaroid facies
(each interamb plate with single large pri
mary tubercle and number of much smaller
secondary tubercles). Ambs simple or com-·
pounded in diadematoid manner. Apical
system 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
genital 5) or posterodextral (toward ocular
I), encroaching on posterior edge of suranal
plate, or plates, which become emarginated.
Primary tubercles usually crenulate. Pri
mary spines of cidaroid facies, with collar
and cortex layer. ?U.Trias., L.Jur.-Rec.

Family ACROSALENIIDAE Gregory,
1900

[Acrosaleniidae GREGORY, 1900, p. 306J

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

Primary spines large, cylindrical, tapering
or clavate, with solid medulla and outer cor
tex. Tridentate and ophicephalous pedicel
lariae 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.Jur.-U.Cret.
Acrosalenia L. AGASSIZ, 1840, p. 38 [*A. spinosa;
aD] [=Milnia HAIME, 1849, p. 217 (type, Hemi
cidaris angularis AGASSIZ, 1846, p. 337); Thylo
salenia POMEL, 1883, p. 102 (type, Hemicidaris
patella AGASSIZ); Plesiosalenia VALETTE, 1906, p.
5 (type, Acrosalenia pentagona COTTEAU)]. Low,
hemispherical. Periproct displaced toward genital
5, or ocular I, or exceptionally penetrating into
interamb 5. Ambs trigeminate 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, smooth or granulated. ?V.Trias.
(Rhaet.); L. Cret.(Hettang.), Eu.-E. Afr.-Madag.
--FIG. 273,1. A. hemicidaroides WRIGHT,
Bathon., Eng.; 1a,b, test, aboral (with spines),
oral, XO.7 (l72).--FIG. 273,2. A. marcoui
COTTEAU, U.Jur.(Kimmeridg.), Fr.; 2a, amb plates
near peristome, X3.3; 2b, interamb, X2 (27d).
--FIG. 273,3. *A. spinosa; 3a, amb column,
X2 (50); 3b, apical system, xU (27d).--FIG.
273,4. A. patella (AGASSIZ), L.Cret.(Neocom.),
Fr.; interamb, X2 (27d).

Heterosalenia COTTEAU, 1861, p. 96 [*H. martini;
aD] [=Metacrosalenia CURRIE, 1925, p. 55 (type,
M. pseudocidaroides; aD)]. Like Pseudosalenia,
but periproct displaced to right towards ocular I.
Radioles unknown. V.jur.(Oxlord.), Eu.-E.Afr.
(Somalia); V.Cre/.( Senon.), Eu.-Jamaica.--FIG.
274,1. *H. martini, U.Cret.(Senon.), Fr.; 1a,b,
interamb, amb, X2.7; 1c-e, test lat., abocal, oral,
X 1.3; 11, apical system, X2.7 (27a).

Monodiadema DE LORIOL, 1890, p. 58 [*M. cotteaui;
aD]. Like Acrosalenia; but all amb plates simple
primaries. Apical system caducous; with con
spicuous posterior elongation (as in some species
of Acrosalenia). V.jur., Eu., N.Afr.--FIG. 275,
2. *M. cotteaui, U.Jur.(axford.), Port.; 2a,b, test,
lat., aboral, X 1.3 (105); 2c,d, test, oral, and amb,
XU, X2 (124); 2e, secondary spine, X? (105);
21, amb plates, detail, X 10 (136c).

Polysalenia MORTENSEN, 1932, p. 490 [*P. notabilis;
aD]. Like Pseudosalenia, but tubercles aJmost all
imperforate (some perforate examples indicating,
however, affinity with Acrosaleniidae rather than
Saleniidae). Primary amb plates polyporous at
ambitus, and enlarged, their tubercles almost as
large as interamb tubercles. Amb plates trigeminate
aborally. V.Cret.( Senon.), Sweden.--FIG. 275,
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FIG. 273. Acrosaleniidae (p. V375).

1. *P. notabilis; 1a-c, test, aboral, lateral, oral,
XO.73 (136c).

Pseudosalenia COTTEAU, 1859, p. 22 [*P. f!exuosa;
00 (=Acrosalenia aspera L. AGASSIZ, 1838)]
[=Amphisalenia POMEL, 1883, p. 95 (?type);
Perisalenia VALETTE, 1906, p. 6 (type, Acrosalenia
gauthieri COTTEAU)]. 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). V.Jur., Eu., M.Cret.,
Eu.-Asia Minor(Lebanon)-C.Am.(Honduras). -
FIG. 274,2a-d. *P. aspera, V.Jur., Fr.; 2a, apical
system, X3.3; 2b-d, test, aboral, oral, lat., XI.3
(27d).--FIG. 274,2e. (?) P. zumotJeni DE
LORIOL, Cenoman., Lebanon; primary spine (pos
sibly of this species), X3.3 (125).

Recrosalenia CURRIE, 1925, p. 47 [*R. somaliensis;
00]. Like Monodiadema, but amb plates near
peristome arranged in diads or triads. V./ur.
(Bathon. or Callov.) , N. Afr. (Somalia).--FIG.
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FIG. 274. Acrosaleniidae (p. U375-U376).

U377

275,3. OR. somaliensis; 3a, interamb, X3.3; 3b,
III amb triad, X12; 3c, test, lat. X,1.7 (39).

Family SALENIIDAE L. Agassiz, 1838
[nom. co,.r~ct. H .... IME, 1849, p. 218 (pro des Salenies

AGASSIZ, 1838. p. 5) I
Primary tubercles imperforate. Primary

amb tubercles noncrenulate; primary inter
amb tubercles usually crenulate. Apical sys
tem large, usually dicyclic, but oculars I and
V insert in some. Gill slits usually devel
oped on peristome. Primary spines long and
slender, with more or less spinulose cortical
layer 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
exceptionally in pits. P'edicellariae of triden-

tate, ophicephalous and triphyllous types;
globiferous type unknown. Tests mostly
small (up to 15 mm. horizontal diameter,
but exceptionally reaching 45 mm.). V.fur.
Rec.

Subfamily SALENIINAE L. Agassiz, 1838
[nom. correct. HAIMF., 1849. p. 2]8 (pro des S:tlcnics

AGASSIZ, 1838, p. 5)]

Periproct displaced posterodextrally, to
ward ocular I, hence lying to right of antero
posterior axis amb III-interamb 5. L. Cret.
Rec.
Salenia GRAY, 1835, p. 58 ['Cidarites scutigera

MUNSTER (in GOLDFUSS), 1826, p. 121; aD]
[=Cidarelle DESMOUL!l'S, 1835, p. 200 (type,
EeI,intls petali/ems DEFRANCE); Bathysalenia
POMEL, 1838, p. 94 (?t)'pe)]. 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
I primary tubercle. Pore zones straight, not con-
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FIG. 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.-
FIG. 276,2a. S. goesiana LovEN, Rec., Carib. (90
540 m.); detail of interamb and adjacent pore
zones, X 7 (I ).--FIG. 276,2b,c. S. neocomen
sis COTTEAU, L.Cret., Fr.; amb adoral, XO.3, X7
(27a). -- FIG. 277,3. S. l'ejaudl'yi ARNAUD,
Senon., Eu.; interamb, X3.3 (8).--FIG. 278,2.
S. ttlmidtlla CLARK, Paleoc., N.Am.(N.J.); 2a-c,
test aboral, lat., oral, X2 (24).

Salenocidaris A. AGASSIZ, 1869, p. 254 [.S. val'l
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.).--FIG. 276,4a.
·S. varispina, Carib. (567 m.); test of juvenile,
oral, X 13.3 (3).--FIG. 276,4b,c. S. milial'is A.
AGASSIZ, Pac. (1,200-3,000 m.); 4b, peristome and
adoral region, X7 (27a); 4c, amb, XO.7 (20).

Salenidia POMEL, 1883, p. 94 [.Salenia gibba
AGASSIZ; SD LAMBERT & THIERY, 1910, p. 212]
[=Pletlrosalenia POMEL, 1883, p. 94 (teste MOR
TENSEN, 1935, p. 347)]. Like Salenocidal'is, but
ambs consisting throughout of primary plates,
each with tubercle and pore pair. M.Cl'et.-U.Cl'et.
(Alb.-Senon.), Eu.; Eoc., Pak.; UEoe.{ Aldingan.),
Australia.--FIG. 276,3. S. blandfol'di DUNCAN &

SLADEN, Eoc., Pak.; amb plates, X13.3 (47).--
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FIG. 276. Saleniidae (Saleniinae) (p. V377-V379).

U379

FIG. 277,2. S. heberti (COTTEAU), Senon., Fr.;
2a,b, amb, interamb, X3.3 (27a).

Trisalenia LAMBERT, 1895, p. 262 [*Salenia loveni
COTTEAU, 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 c1aviform. v.eret.(Senon.), Eu.--FIG.
276,5. *T. loveni (COTTEAU), Sweden; Sa-d, test,
oral, aboral, lat., primary spine, XO.7 (137).

Valsalenia MORTENSEN, 1934, p. 165 [*Salenia
garttmnensis VALETTE, 1905; OD]. Like Salenidia
but successive amb tubercles alternately large and
small, and conspicuous transverse ridge defining
adapical margin of each plate. Paleoc.( Dan.), Eu.
--FIG. 276,1. *S. garumnensis (VALETTE), Fr.;
amb detail, X 4 (165).

Subfamily HYPOSALENIINAE Mortensen, 1934
[Hyposaleniinae MORTENSEN, 1934. p. 165J

Periproct displaced posteriorly toward
genital 5, hence lying in anterioposterior
axis amb III-interamb 5. U.Jur.-U.Cret.

Hyposalenia DESOR, 1856, p. 147 [*Echinus acanth·
oides DESMOULINS; SD MORTENSEN, 1935, p. 344]
[=Peltastes L. AGASSIZ, 1838, p. 27 (obj.) (non
ROSSI, 1807); Peltosalenia QUENSTEDT, 1874, p. 36
(obj.)]. Test small (10-15 mm. hariz. 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.
V.Jur.( Kimmeridg.)-V.Cret.( Senon.), Eu.--FIG.
277,la-e. *H. acanthoides (DESMOULINS), Ceno
man., Fr.; la-c, test, aboral, lat., oral, X 1.3; ld,e,
amb, interamb, X7 (27a).--FIG. 277,lf,g. H.
bunburyi (FORBES), Cenoman., Eng.; If,g, apical
system, test lat., X2.7 (173).--FIG. 277,lh. H.
clathrata (AGASSIZ), Cenoman., Eng.; apical sys
tem, X2.7 (27a).--FIG. 277,li. If. wrighti
DESOR, Cenoman., Eng.; apical system, X2.7
(27a).--FIG. 277,lj. H. helioplzora (AGASSIZ &

DESOR), Senon., Eu.; apical system, X2.7 (27a).
[=Peltaris QUENSTEDT, 1873, p. 236.]

Idiocidaris DE LORIOL, 1909, p. 228 [*1. 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.--Flc. 279,3. '1. lamberti, Syria; 3a, test,
aboral, X 1.3; 3b,c, apical system, amb detail,
X5.3; 3d, interamb, X5.3 (126).

Glyphopneustes POMEL, 1869, p. xl [·Goniophorus
problematiclls COTTEAU, 1880, p. 121; OD]
[=Coptophyma PERON & GAUTHIER, 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 Goniophol'tls) on amb plates
adoral to tubercle-bearing place of each triad.
Interamb plates each bearing one very large erenu-

late tubercle, suture between adjacent areoles de
pressed. Apical system dicyclic; no suranal plate.
M.Cret., N.Afr.--FIC. 278,1. ·G. problematiCtis
(COTTEAU), Cenoman., Alg.; la, interamb, x5.3
(26); lb, amb adoral, X8 (26); lc, amb adoral,
XIO (35, modified); Jd, apical system, X8 (26);
Ie, amb plates, detail, X30 (136d); 1/, interamb
plates, detail, X 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 affinity; on
the other hand, the spheridial pits parallel those of
Goniophorus, and the simple amb plates have nearer
parallels among Saleniidae than in the Temnopleuridae.
The balance of evidence favors a saleniid relationship in
the opinion of MORTENSEN (l36d) , who has clarified some
details of its structure.]

Goniophorus L. ACASSIZ, 1838, p. 30 [·G. /unu/a
tus; SD LAMBERT & THIERY, 1910, p. 209]
[=Gonosalenia QUENSTEDT, 1872, p. 36 (?type)].
Test small (15 mm. horiz. diam.). Apical sys-
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tern with sculptured elevated 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.--FIG. 279,1. *G. lunlt
latlts, Cenoman., Fr.; la-c, test, aboral, lat., oral,
X 1.7 (173); 1d, adoral part of amb, with spheri
dial pits, X7 (27a, modified); Ie, interamb, X3.3
(173); If,g, interamb, amb, X3.3 (27a).

Poropeltaris QUENSTEDT, 1875, p. 242 [*P. scltlpto
punctata; aD]. 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 each interamb
plate. V.Jltr., Eu.--FIG. 279,2. *P. sculptopltnc
tata, Oxford., Ger.; 2a, test, aboral, X 1.3; 2b,c,
amb, interamb, X7; 2d, apical system, X4 (125).
[=Poropeltis DUNCAN, 1889, p. 46 (nom. null.).]

Order HEMICIDAROIDA
Beuden, 1937

[nom. transl. DURHAM & MELVILLE, 1957, p. 254 (ex sub·
order Hemicidarina BEURLEN, 1937, p. 65) (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
rapsis). U.Trias.-U.Cret.

Family HEMICIDARIDAE Wright, 1857
[Hemicidaridae WRIGHT, 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.(Cenaman.).
Hemicidaris L. AGASSIZ, 1838, p. 3 [*Cidarites
crenularis LAMARCK, 1816, p. 59 (=H. intermedia
COTTEAU, 1880, p. 41); SD GOLDFUSS, 1836, p.
122] (=Hemipyglts ETALLON, 1859, p. 221 (juv
enile stage, fide SEGUIN, 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-
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FIG. 278. Saleniidae (Saleniinae) (2), (Hyposalenii
nae) (1) (p. V377-V378, V380).

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.lur.
(Bajoc.)-V.Cret.( Cenoman.), Eu.-Asia Minor-N.
Afr.-Madag.-N.Am.--FIG. 280,Ia-e; 281,2a,b.
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FIG. 279. Saleniidae (Hyposaleniinae) (p. U379-U381).

"H. erenularis (LAMARCK), U.Jur.(Oxford.), Fr.;
280,la-e, test aboral, oral, lat., X 1.1 (27c); 280,
ld, test with spines, XO.7 (172); 280,le, amb,
X2 (27c); 281,2a,b, details of amb compounding,
X2 (46).--FIG. 280,1/. H. glasvillei COTTEAU,
U.Jur.(Portiand.), Fr.; interamb, X2 (27c).-
FIG. 281,2e. H. mondegoensis (DE LORIOL), Jur.,
Port.; structure of amb plate, X2 (124).

Asterocidaris COTTEAU, 1859, p. 14 ["A. notodi;
SD LAMBERT & THIERY, 1910, p. 169]. Like Gym
noeidaris, but upper interamb plates devoid of
primary and secondary tubercles, hence 5 inter
ambulacral naked areas form star-shaped pattern
about apex. /ur.( Bathon.-Ox/ord.}, Eu.--FIG.
282,2a-e. "A. notodi, Oxford., Fr.; 2a,b, test, ab
oral, lat., X1.2; 2e, interamb, X3.3 (27c).-
FIG. 282,2d,e. A. minor COTTEAU, Bathon., Fr.; 2d,
apical system, X2.3; 2e, amb adoral, X5.3 (27c).

Cidaropsis COTTEAU, 1863, p. 374 ["Hemieidaris
minor AGASSIZ, 1840, p. 9; OD]. Primary tuber
cles noncrenulate (some with weak crenulation);

otherwise as Pseudoeidaris. M./u,·.( Bathon.), Fr.
--FIG. 283,1. "C. minor (AGASSIZ); la,b, test,
aboral, lat., XI.3; Ie, spine, X1.2; ld-g, apical
system, amb, interamb, detail of aboral part of
amb in large specimen, all X3.3 (27c).

Gymnocidaris L. AGASSIZ, 1838, p. 3 ["Hemieidaris
diademata AGASSIZ, 1838, p. 49; SD LAMBERT &
THIERY, 1910, p. 168] [=Prodiadema POMEL,
1869, p. 38 (type, Cidarites agassizi ROEMER, 1839,
p. 70)] [non Gymnoeidaris A. AGASSIZ, 1863
(=Eueidaris' POMEL, 1883)]. Like H emieidaris
but upper interambulacral primary tubercles re
duced. M./ur.(Bathon.}, Eu.--FIG. 284,1. "G.
diademata (AGASSIZ), Fr.; la-e, test, aboral, oral,
lat., XU; Id, amb, X2.3 (27c); le,f, primary
spine, XU, X3.2 (27c).

Hemitiaris POMEL, 1883, p. 96 ["Hemicidaris stra
monium L. AGASSIZ, 1840, p. 47; SD LAMBERT &
THIERY, 1910, p. 170]. Like Gymnoeidaris, but
primary amb tubercles arranged in unpaired
median series at ambitus, and in some species also
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FIG. 280. Hemicidaridae (p. U381-0382).
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aborally. U.Jur., Eu.--FIG. 285,1. *H. stramon
ium (AGASSIZ), Kimmeridg., Fr.; la,b, test with
spines, aboral, oral, XO.7; Ie, amb, X2.7 (27c).
--FIG. 285,2. H. ptlrbeekensis (FORBES), PDrt
land., Fr.; amb detail, X 4 (27c).--FIG. 285,3.

H. moriniea (SAUVAGE & RIGAUX), Portland., Fr.;
amb, X2 (27c).

Hessotiara POMEL, 1883, p. 97 [*Diadema flores
eens AGASSIZ, 1840, p. 17; 00]. Like Hemieidaris,
but no polyporous amb plates, ambital plates
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FIG. 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.--FIG. 284,
2. *H. florescens (AGASSIZ), Oxford., Fr.; 2a,b,
test, aboral, lat., X 1.3; 2c, apical system, X3.3;
2d,e, interamb, amb, X3.3 (27c).

Heterodiadema COTTEAU, 1864, p. 75 [*Hemicidaris
libyca DESOR, 1846, p. 338; SD LAMBERT &
THIERY, 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.--FIG. 286,1. *H.
libycum (DESOR), Turon., N.Afr.; la-c, test aboral,

lat., oral, Xl; ld,e, amb, amb detail, X2, X4;
If-h, spines, X 4 (27a).

Plesiocidaris POMEL, 1883, p. 95 [*Hemicidaris ai
pina L. AGASSIZ, 1840, p. 52; SD LAMBERT &

THIERY, 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.--FIG. 281,la.
*P. alpina (AGASSIZ), Kimmeridg., Switz.; amb,
X5.3 (5).--FIG. 281,lb. P. durandi (PERON &

GAUTHIER), Kimmeridg., Fr.; tests with spines,
XO.7 (35).
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FIG. 282. Hemicidaridae (p. U382, U386).

2e

U385

Pseudocidaris ETALLON, 1859, p. 5 [*Hemicidaris
thlll"manni L. AGASSIZ, 1840, p. 50; SD LAMBERT
& THIERY, 1910, p. 167]. Ambs as in Plesiocidal"is,
interambs as in Hemicidaris. Primary spines mas
SIve ovoid - clavate. M.II/I". (Bathon.) - M. CI"et.
(Cenoman.), Eu.-C.Asia-lndia-N.Afr. --- FIG.
287,1. P. mammosa (AGASSIZ), U.Jur.(Oxfurd.),
Fr.; la, test with spines, XLI; Ib, amb, X4;
lc,d, spines, X 1.7 (27c).---FIG. 287,2. P.

c/llnijel"a (AGASSIZ), L.Cret.(Neocom.), Fr.; test,
aboral, XU (27a) .---FIG. 287,3. P. ll/silanica
DE LORIOL, U.Jur.(Kimmeridg.), Port.; 3a, base
of spine showing collar and cortex on shaft, X 7;
3b, interamb, X3.3 (l24).---FIG. 287,4. P.
subcl"enlliaris GAUTHIER, U.Jur.(Kimmeridg.),
N.Afr.; terminal crown of spine, X2.7 (27c).
---FIG. 287,5. P. mpellensis (COTTEAU), U.Jur.
(Kimmeridg.), Fr.; primary spine, XU (27c).
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FIG. 283. Hemicidaridae (p. V382).

Sphaerotiaris LAMBERT & THIERY, 1914, p. 274
[*Hemieidaris qllensledli MERIAN in DESOR, 1858,
p. 56; OD] [=Tim'is QUENSTEDT, 1873, p. 258
(obj.) (preocc.); Dorytiaris BEURLlN, 1937, p. 65
(type, Hemicidaris inlermedia FLEMING, 1828, p.
178)]. Like Gymnoeidaris, but primary spines
clavate, greatly enlarged. V.lur., Eu.-N.Afr.-
FIG. 282,la,b. *S. quensledli (MERIAN), Oxford.,
Fr.; la, terminal crown of primary spine, X 1.2
(27a); lb, test with spines, oral, XO.7 (5).-
FIG. 282,le. S. koeehlini (COTTEAU), N.Afr.; pri
mary spine, XO.7 (112).

Family PSEUDODIADEMATIDAE
PomeI,1883

[Pseudodiadematidae POMEL, 1883, p. 100J

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 cadu
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 DESOR, 1855, p. 63 [*Cidarites

pseudodiadema LAMARCK, 1816, p. 59; OD]
[=Stereopyga POMEL, 1883, p. 102 (type, Pselldo
diadema moorei WRIGHT, 1857, p. 108; SD MOR
TENSEN, 1935, p. 432); Aplodiadema DE LORIOL,
1902, p. 49 (type, Pselldodiadema 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.lllr.(Hellang.) -L.Crel.
(Api.), Eu.-N.Afr.-India.--FIG. 288,3a,b. P.
moorei WRIGHT, L.lllr.(Toare.), Eng.; 3a,b, test,
aboral, oral, Xl (1 72).--FIG. 288,3e,d. *P.
pseudodiadema (LAMARCK), V.Jur., Fr.; 3e, amb,
X2 (27d); 3d, test and spines, oral, Xl (5).

Acrocidaris L. AGASSIZ, 1840, p. 9, 18 [*A. nobilis;
OD] [=Aeroliaris 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.lllr.
(Bathon.)-U. Cret. (Cenoman.), Eu.-Crimea-Mex.
--FIG. 289,2a,b. *A. nobilis L. AGASSIZ, V.Jur.
(Kimmeridg.), Switz.; 2a, apical system, X2.7;
2b, test, oral, Xl (27d).--FIG. 289,2e. A. for
mosa L. AGASSIZ, V.Jur.(Oxford.), Switz.; test,
aboral, Xl (27d).--FIG. 289,2d. A. minor, L.
AGASSIZ, L.Cret.(Valangin.), Switz.; amb detail,
X2 (27a).

Diplopodia M'CoY, 1848, p. 412 [*D. pentagona;
OD] [=?Pseudoplopodia VALETTE, 1906, p. 24
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FIG. 284. Hemicidaridae (p. V382-V384).

U387

20
Hessotioro

(no type desig.); ?Polyplodia VALETTE, 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. V.Trias.( Rhaet.)
V.Cret.( Cenoman.), Eu.-N.Afr.-Asia.--FIG. 290,
2. D. morieri (COTTEAU), M.Jllr.( Bat/zon.) , Fr.;
2a-c, test, lat., aboral, oral, Xl; 2d, amb detail,
X3.3 (27d).

Dumblea CRAGIN, 1893, p. 149 [oD. symmetrica;
00]. Like Pedinopsis, but amb plates trigeminate;
minutely crenulate (fide COOKE, 1955, p. 90). L.
Cret.(Washitan.), USA(Tex.)-Mex.--FIG. 286,3.
°D. symmetrica, Tex.; 3a,b, amb, interamb, plates,
X 8 (22); 3c, test, oral, X 1.3 (23).

Hypodiadema OESOR, 1858, p. 61 [OHemicidaris
saleni/ormis OESOR, 1853, p. 179; SO LAMBERT &

THIERY, 1910, p. 171] [=Gymnotiara POMEL,
1883, p. 101 (type, Pseudodiadema vamsense COT
TEAU, 1880, p. 23!)]. 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./llr. (Pliensbacll.}-L. Cret. (Valangin.), Eu.- ?N.
Am.--FIG. 288,1. H. desoriana (COTTEAU), U.
Jur.(Kimmeridg.), Fr.; amb, X2.7 (27d).

Loriolia NEUMAYR, 1881, p. 105 [ODiadema /011
cardi COTTEAU, 1851, p. 286; 00] [=Heterotiara
POMEL, 1883, p. 105 (obj.)]. Amb plates trigemin-
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FIG. 285. Hemicidaridae (p. U382-U383).

1c

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.; ?Apt., USA (Tex.).--FIG. 286,
2. *L. fOllcardi (COTTEAU), Neocom., Fr.; 2a,
test, lat., X 1.3; 2b.c, amb, interamb, X4 (27a).

Microdiadema COTTEAU, 1863, p. 77 [*Arbacia
richeriana COTTEAU, 1869, p. 397; 00, 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./ur.( Pliensbach.}. Fr.

Pedinopsis COTTEAU, 1863, p. 176 [*P. meridanen
sis; 00]. 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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FIG. 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.).--FIG. 291,2. ·P. meridanensis
COTTEAU, Cenoman., Fr.; amb detail, X4 (27a).

Po1ydiadema LAMBERT, 1888, p. 14 [·Cidaris mam
illanum ROEMER, 1836, p. 26 (=Pseudodiadema
davidsoni WRIGHT, 1857, p. 108; aD] [=Plesio
diadem a DUNCAN, 1885, p. 31 (non POMEL, 1883)

(obj.); Placodiadema DUNCAN, 1889, p. 64;
Leptarbacia CLARK & TWITCHELL, 1915, p. 53
(type, L. argutw); 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./ur.(Domer.)-U.Cret.
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FIG. 287. Hemicidaridae (p. V385).

(Cenoman.), Eu.-N.Afr.-USA (Tex.) .--FIG. 290,
la-c. P. tentle (DESOR), Cenoman., Fr.; la,b, amb,
interamb, X2.7; Ie, interamb plate, X5.3 (27a).
--FIG. 290,Id-g. ·P. davidsoni (WRIGHT), U.
Jur.(Oxford.), Eng.; ld-j, test, aboral, oral, lat.,
X I; 19, test detail, X2.7 (172).

Tetragramma L. AGASSIZ, 1840, p. 24 ['Cidarites
I'ariolare BRONGNIART, 1821, pI. M, fig. 9; SD
LAMBERT & THIERY, 1910, p. 187] [=Hexa
gramma POMEL, 1883, p. 104 (?type); Aeanthe
ehinopsis GREGORY, 1906, p. 219 (obj.); Ortho
diadem a LAMBERT & THIERY, 1908, p. 20 (type,

Psetldodiadema subangulatum STOLICZKA, 1873, p.
44); Strietotiara LAMBERT & THIERY, 1925, p. 564
(type, Tetragramma argonnensis LAMBERT, 1925,
pI. 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. V.Jur.( Kim
meridg.)-V. Cret. (Cenoman.), S. Eu.-N. Afr.-Asia
Minor-lndia-N.Am.--FIG. 291,Ia-e. ·T. varia
lare (BRONGNIART), U.Cret.(Cenoman.), Fr.; la-e,
test, aboral, oral, lat., XI (27a).--FIG. 291,
ld,e. T. ratllini (DESOR), L.Cret.(Neocom.), Fr.;
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1d,e, amb, part of interamb, X2 (27a).--FIG.
291,1/. T. renevieri (COTTEAU), L.Cret.(Apt.),
Fr.; interamb plates, X2.7 (27a).--FIG. 291,
19,h. T. malbosi (AGASSIZ), L.Cret.(Apt.), Fr.;
aboral part of amb and interamb, X 4 (27a).

Tiaromma POMEL, 1883, p. 105 [.Pselldodiadema
schliiteri DE LORIOL, 1887, p. 22; SD LAMBERT &

THIERY, 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.Cre/.(Cenoman.},
Fr.-Port.--FIG. 288,2. ·T. sc!llt/teri (DE LORIOL),
Fr.; interamb, X2 (27a).

Trochotiara LAMBERT, 1901, p. 236 ['Diadema
prisCllm 1. AGASSIZ, 1840; OD] [=Tiaz'ella POMEL,
1883, p. 104 (type?) (fide LAMBERT & THIERY,
1910, p. 181) (non Tim'ella SWAINSON, 1840, nec
SCHULTZE, 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. IlIr.( Pleinsbac!l.}-U. Cret.( Cenoman.},
Eu.-N.Afr.-Asia Minor.--FIG. 288,4. T. gallthi
eri COTTEAU, L.Jur.(Pliensbach.), Fr.; interamb,
X 1.3 (species with radiating epistroma) (27d).
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FIG. 289. Pseudodiadematidae (p. V386, V391).

--FIG. 289,la-c. *T. prisca (L. AGASSIZ), U.
Jur.(Oxford.), Switz.; la-c, test, aboral, lat., oral,
X J.3 (2?d).--FIG. 289,ld. T. thiriai (ETAL
LON), U.Jur.(Portland.), Fr.; interamb, X2.?
(2?d).--FIG. 289,le,j. T.? bOllrgeti (DEsoR),
Cret., Fr.; 1e,j, amb, interamb, X 2.7 (species ap
parently transitional to Pselldodiadema) (2?d).

Family UNCERTAIN
Allomma POMEL, 1883, p. 105 [*Pseudodiadema

normanniae COTTEAU, 1863; OD]. Like Gymno
cidaris, but transverse row of tubercles replacing
single large primary tubercle on subambital inter
amb plates. v.eret., Eu.--FIG. 292,2. *A. nor
manniae (COTTEAU), Cenoman., Fr.; 2a-c, test,
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FIG. 290. Pseudodiadematidae (p. V386-V387, V389-V390).

lat., aboral, oral, X 1.3; 2d, amb, x5.3 (27a);
2e, partially reconstructed apical system (which,
if correct, may indicate some affinity with Acro
saleniidae), X5.3 (115).

Colpotiara POMEL, 1883, p. 105 [·Heterodiadema
matheyi DE LORIOL, 1870, p. 83; aD). Like Astera
eidaris, but primary tubercles persisting on other
wise naked upper interamb plates. Enlarged pri
mary tubercles irregularly developed on some
amb plates and lacking from some ambital plates.
Test small (ca. 10 mm. horiz. diam.), flattened

above and below. Apical system caducous. V.
lur., Eu.--FIG. 292,1. ·C. matheyi (DE LORIOL),
Oxford., Switz.; 1a,b, amb, interamb, X4.7; 1e,
test, oral, XI.3 (122).

Trochodiadema DE LORIOL, 1900, p. 70 [·T. abra
menu; aD). Like Gymnoeidaris, 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.). V.Cret.
(T"ron.) , Eu.--FIG. 292,3. ·T. abl'amense,
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FIC. 291. Pseudodiadematidae (p. U388-U391).

Port.; 3a-c, test aboral, oral, lat., XI.3; 3d,e, amb,
interamb, X3.3 (125).

Order PHYMOSOMATOIDA
Mortensen, 1904

[nom. transl. DURHAM & MELVILLE, 1957, p. 254 (ex suborder
Phymosomina MORTENSEN, 1904, p. 56)] [=Phymosomatoida

DURHAM & MELVILLE, 1957, minus Pseudodiadematidae
(herein referred to Hemicidaroida) J

Lantern stirodant. Apical system lacking
large polygonal suranal plates, not simulat
ing calyx. Primary tubercles imperforate.
Amb plates simple throughout, or (more
usually) compounded in diadematoid man
ner, trigeminate or polyporous. L./ur.-Rec.
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Family PHYMOSOMATIDAE PomeI,
1883

[nom. corral. MEISSNER, 1904, p. 1359 (pro les Phymoso
miens POMEL, 1883, p. 90)] [:=Cyphosominae LAMBERT,

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
Glyptocidaris) ophicephalous, tridentate, tri
phyllous, and globiferous. Spheridia placed
beside tube feet, not in pits. L./ur.-Rec.
Phymosoma HAIME, 1853, p. 197 [*Cidaris koenigi

MANTELL, 1822; SD LAMBERT & THIERY, 1910, p.
223] [=CYP/lOsoma L. AGASSIZ, 1838, p. 4 (non
MANTELL, 1822; SD LAMBERT & THIERY, 1910, p.
90 Utype); Pliocyphosoma POMEL, 1883, p. 90
Utype); Phymatosoma LAMBERT & THIERY, 1910,
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FIG. 293. Phymosomatidae (p. U395-U396, U400).

p. 223 (obj.) (nom. van.); Cosmocyplws POMEL,
1883, p. 91 (type, CypllOsoma 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.Jllr.(Ox/ord.}-Eoc., Eu.-N.Afr.
Madag.-India-N. Am.-S. Am.--FIG. 293,2a. P.
major (COQUAND), Cret., Fr.; interamb, XJ.3

(27a).--FIG. 293,2b. P. reglllare (AGASSIZ), V.
Cret.(Turon.), Switz.; amb, XJ.3 (27a).--FIG.
293,2c,d. P. taeniatum VON HAGENOW, V.Cret.
(Senon.), Denm.; 2c,d, test and spine, XI (147).
--FIG. 293,2e. P. SIIbnlldum (COTTEAU), V.Cret.
(Senon.), Fr.; spine, X2 (27a).--FIG. 293,2/.
P. girumnense (DESOR), V.Cret.(Senon.), Fr.;
amb, XU (27a). [=Dixieus COOKE, 1948, p.
606.]
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FIG. 294. Phymosomatidae (p. V397-V400, V402).

Acanthechinus DUNCAN & SLADEN, 1882, p. 34 [*A.
nodulostls; 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.Eoe.( Ranikot.}, W.Pak.--FIG. 294,5.
*A. nodulosl/s, W.Sind.; 5a, tubercle, profile,
XI0; 5b, test, lat., XO.87; 5e, amb and interamb
plates, X4.7 (47).

Actinophyma COTTEAU & GAUTHIER, 1895, p. 96
[*A. spectabile; OD, M]. Like Aeantheehinl/s, but
with secondary and miliary tubercles not sharply
pointed and spiny; impression at admedian end of
horizontal interamb sutures. v.eret., Asia Minor
Iran.--FIG. 295,2. *A. spectabile, Senon, Iran;
2a,b, amb plates (aboral); interamb plates, X 1.3;
2c,d, test, lat., aboral, XO.7 (34).

Aeolopneustes DUNCAN & SLADEN, 1882, p. 47 [*A.
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.Eoe., W.Pak.--FIG.
294,3. *A. delorioli, Ranikot., W.Sind; 3a, test,
oral, XO.7; 3b, amb and interamb plates, X2.7
(47).

Eurypneustes DUNCAN & SLADEN, 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 re~ching size of primaries and
forming series outside of primary series. L.Eoe.,
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FIG. 295. Phymosomatidae (p. U397, U402).

W.Pak.--FIG. 294,4. *E. grandis, Ranikot, W.
Sind; 4a, amb and interamb plates, X2; 4b, part
of test, XO.7 (47).

Gauthieria LAMBERT, 1888, p. 7 [*Cyphosoma radi
ala SORIGNET; aD] [=Cosmocyphus POMEL,
1883, p. 91 (type Cyphosoma saemanni COQU
AND)]. Test low, flattened. Amb plates polyporous
throughout; pore zones simple, undulating. Pri
mary tubercles large, in only 2 series in each area.
Apical system large, monocyclic, pentagonal, ex
tending into posterior interamb. U.Cret.(Turon.-

Senon.), Eu.-N.Afr.-Madag.; Paleoc., N.Am.-
FIG. 296,Ia-e. *G. radiala (SORIGNET), V.Cret.
(Senon.), Fr.; Ia-c, test, aboral, oral, lat., X1.3;
ld, amb, X3.3; Ie, interamb, X3.3 (27a).-
FIG. 296,If,g. G. speciosa (W. B. CLARK), Paleoc.,
VSA(N.J.); If,g, test, aboral, oral (holotype),
X2 (24).

Glyptocidaris A. AGASSIZ, 1853, p. 356 [*G. erenu
lm'is; aD] [=Heteractechinus LAMBERT & THIERY,
1910, p. 274 (type, H. heteropofUs LAMBERT,
1897, p. 499); Heteractis LAMBERT, 1897 (type,
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U399

H. Ile/eroporlls) (non He/erae/is MILNE-EDWARDS
& HAIME, 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
type-species is the only known Recent phymosoma
tid.] Eoe., Fr.; Plio., N.Am.(Ore.)-S.]apan; Ree.,
N.]apan.

Glyptocyphus POMEL, 1883, p. 87 [*Cyplzosoma
difficilis L. AGASSIZ; 00, M]. Test small, low,
wheel-shaped. Amb plates polyporous, with pri
mary tubercles reduced to single or alternating
series. Apical system with oculars exsert. V.Crel.,

Eu.-- FIG. 297,1. *G. diffieilis (AGASSIZ),
Cenoman., Fr.; Ia,b, interamb, amb, X3.3; Ie-e,
test, lat., aboral, oral, X I (27a).--FIG. 297,2.
G. rolaills (FORBES), Cenoman., Fr. (2a), Eng.
(2b-e); 2a, amb, X?(3); 2b, amb plates, X16.7
(l36d); 2e, test plates, X7 (173); 2d,e, test, lat.,
aboral, X3.3 (173).

Hemithylus ARNAUD, 1895, p. 236 [*TlzyleehintlS
rejalldryi COTTEAU, 1894; 00]. 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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FIG. 297. Phymosomatidae (p. V399).

lation. V.Cret., Eu.--FIG. 294,1. *H. rejaudryi
(COTTEAU), Senon., Fr.; detail of test plates,
X5.3 (26).

Jacquiertia MERCIER, 1936, p. 419 [*/. minuta MOR
TENSEN & MERCIER, 1939, p. 58; aD]. 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.lltr., N.Fr.--FIG. 296,2. /. minuta MORTEN
SEN & MERCIER, Toarc., Calvados; amb detail,
X14.7 (l36c).

Lambertechinus COSSMAN, 1899, p. 45 [*Asteropsis
lapparenti COTTEAU, 1883, p. 21; aD] [=Aster
opsis COTTEAU, 1883, p. 21 (obj.) (preocc.);
Actinopsis LAMBERT, 1897, p. 500 (obj.) (preocc.);
Psilosoma POMEL, 1883, p. 91 (preocc.)]. Like
Phymosoma, but with primary tubercles diminish
ing abruptly in size above ambitus. V.Cret., Eu.

--FIG. 293,1. L. arnaudi (COTTEAU), Senon.,
Fr.; 1a-c, test, aboral, lat., oral, X 1.3; 1d,e, inter
amb, amb, X3.3 (27a).

Leptechinus GAUTHIER, 1889, p. 107 [*Cyphosoma
heinzi PERON & GAUTHIER, 1884, p. 96; aD]
[=Peronia DUNCAN, 1889, p. 82 (obj.); Proto-
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tiara LAMBERT, 1900, p. 34 (type, Pleurodiadema
jlltieri COTTEAU, 18??)] [non Leptechinw TORN
QUIST, 1897 (=Tornquistellus BERG, 1899)]. Test
small, low hemispherical. Ambs with simple pri
maries; pores in regular simple series. No distinct
primary amb tubercles. Interamb primaries form
ing regular series, widely separated from each
other. Apical system with oculars all broadly in
sert. L.]lIr.(Pliensbach.)-L.Cret.( Neocom.), Eu.
N.Afr.--FIG. 298,/. -L. heinzi (PERON &

GAUTHIER), Neocom., Algeria; la,b, amb, inter
amb, X4 (35).

Micropsis COTTEAU, 1856, p. 8 [-M. desori; OD]
[=Micropsidia POMEL, 1869, p. XLI (?type)].
Test medium-sized, subhemispherical. Amb plates
may 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.]lIr.(Toarc.), Fr.

Narindechinus LAMBERT, 1933 [-N. checchiai; OD].
Like Phymosoma, but with up to 10 series of large
interamb tubercles, and 4 series of amb tubercles.
Eoc., Madag.--FIG. 296,3. -N. c1lecchiai, M.
Eoc. (Lutet.); 3a,b, test fragments (+ en!.?)
(113).

Pleurodiadema DE LORIOL, 1870, p. 196 [-Po stutzi;
OD] [=P/lalacrechinus LAMBERT, 1900, p. 37
(type, Pletlrodiadema gauthieri COTTEAU, 1883, p.
408)]. Like Leptecllinus but with amb plates
simple adapically, trigeminate adorally, primary
tubercles devetoped on oral side not continuing
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FIG. 299. Stomechinidae (p. U403, U406).

above ambitus. Oculars broadly exsert. JUl'.
(Ba/Ilon.-Oxford.), Eu.-N.Afr.--FIG. 298,2. *P.
s/Iltzi, U.Jur.(Argov.), Switz.; 2a,b, amb, inter
amb, mag. unknown (27d).

Porosoma COTTEAU, 1856, p. 648 [*Cypllosoma
cribrum L. AGASSIZ; SD MORTENSEN, 1935, p. 474]
[=Cop/osoma DESOR, 1855 (obj.) (non LAPORTE,
1833); Microsoma COTTEAU, 1886, p. 76 (?type);
Euporopllyma GAUTHIER, 1901, p. 31 (type, CoP/o
soma lefebvrei GAUTHIER, 1901, p. 31; SD BATHER,
1902, p. 76)]. Amb plates compound, polyporous,
pores in single series only. Apical system sman,
only ocular I insert. Test of moderate size, low
hemispherical. L. Cret. (Neoeom.)-Oligo., Eu.-N.
Afr.-S.Afr.-N.Am.--FIG. 295,la-e. *P. cribrum
(AGASSIZ), Eoc., Fr.; la,b, test, aboral, oral, Xl
(27e); le, adoral part of amb, X2.7 (27e).--

FIG. 294,2; 295,ld. P. l'Ousseli (COTTEAU), Eoc.,
Fr.; 294,2, amb plate, X8 (27e); 295,ld,e, ab
oral part of amb, X2, amb enl., X2.7 (27e).

Rachiosoma POMEL, 1883, p. 91 [*Cypllosoma dela
matTei DESHAYES, 1831; SD LAMBERT & THIERY,
1911, p. 221] [=Mioeypllosoma POMEL, 1883, p.
90 (?type)]. Like Gall/hieria but with periproctal
plates not polygonal, not of acrosaleniid type.
L.Cret.-U.Cre/., Eu.-N.Afr.-N.Am.--FIG. 298,5.
*R. delamarrei (DESHAYES), U.Cret.(Senon.), Fr.;
amb, X2 (27a).

Thylechinus POMEL, 1883, p. 91 [*Cypllosoma said
PERON & GAUTHIER, 1881, p. 172; SD LAMBERT &

THIERY, 1911, p. 214] [=Psilosoma POMEL, 1883,
p. 91 (fide LAMBERT & THIERY, 1911, p. 214);
Cenchri/eehinus LAMBERT, 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. V.Cret.
Oligo., Eu.-N.Afr.-India-Peru. [=?Terina AGASSIZ,
1838 (nom. nud.).]
T. (Thylechinus). Ambs and interambs with single

regular series of primary tubercles in each col
umn. No large secondary tubercles. V.Cret.
(Senon.}-Oligo., Eu.-N.Afr.-India-Peru.--FIG.
298,4. T. aublini (COTTEAU), Senon., Fr.; amb,
mag. unknown (27a).

T. (Orthocyphus) ARNAUD, 1896, p. 234 [*Cypho
soma pulchellus COTTEAU; SD MORTENSEN, 1935,
p. 476] [=Psilosoma POMEL, 1883, p. 91]. Pri
mary tubercles much reduced in size adapically.
V.Cret., Fr.--FIG. 298,3. *T. (O.) pulchellus
(COTTEAU), Senon; 3a, test, lat., X5.3; 3b,
apical system, X16.7; 3c,d, amb, interamb, XIO
(27a).

T. (Mistechinus) DE LORIOL, 1897, p. 8 [*M.
mayeri; OD, M] [=Egyptechinus LAMBERT,
1936, p. 41 (type, E. cuvillieri; OD)]. Primary
amb tubercles reduced adapically and adorally.
Eoc., Egypt.

T. (Orthechinus) GAUTHIER, 1889, p. 105 [*0.
tunetanus; OD]. Secondary tubercles well de
veloped, forming vertical series beside primary
series. Apical system with some oculars insert.
V. Cret. (Senon.}-Eoc., Eu.-N. Afr.-Asia Minor
Iran-N.Am.

Family STOMECHINIDAE Pomel, 1883
[nom. correct. DURHAM & MELVILLE, 1957, p. 254 (pro les
Stomechiens POMEL, 1883, p. 81)] [=Stomopneustidae MOR-

TENSEN, 1903, p. 133]

Primary tubercles noncrenulate. Amb tu
bercles usually as large as interamb tuber
cles. Ambs compounded in diadematoid
manner, trigeminate or polyporous (in
Echinotiara some adapical plates remain
simple); diplopodous ambs may occur adap
ically or throughout. Apical system dicyclic
or monocyclic, usually small, seldom extend
ing backward. Peristome large, with usually
distinct gitl slits. Primary spines without
cortex or collar. Pedicellariae (known in
Stomopneustes) of ophicephalous, triden
tate, triphyllous and globiferous types.
Spheridia placed beside tube feet, not in pits.
L.Jur.-Rec.
Stomechinus DESOR, 1856, p. 124 [*Echinus bi
gmnularis LAMARCK, 1816; SD LAMBERT, 1901,
p. 237] [=Sporotaxis POMEL, 1883, p. 84 (nom.
nud., based on erroneous figure); Cretacechinus
LAMBERT & THIERY, 1911, p. 253 (type, Stome
chinus camarensis DE 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

every 2nd amb plate, pore zones broad, widened
adorally. L.fur.(Domer.}-L. Cret.(Neocom.), Eu.
SW. USSR(Turkmenia)-N. Afr.-NE. Afr.--FIG.
299,3a. S. choOati DE LORIOL, Bajoc., Port.; amb
plates, ca. x3.3 (123).--FIG. 299,3b,c. S. per
latus (DESMAREST), U.Jur.(Oxford.) , Fr.; 3b,c,
amb aboral, adoral, X 1.3 (27d).

Circopeltis POMEL, 1883, p. 89 [*Leiosoma meri
danensis COTTEAU, 1867, p. 765; SD LAMBERT &

THIERY, 1914, p. 254] [=Strictechinus COTTEAU,
1893, p. 169 (type, S. pouechi); Micropsina COT
TEAU, 1893, p. 630 (type, M. baudoni); Circo
peltaris VALETTE, 1907, p. 109 (type, C. bai
cheri)]. Test of medium size, low hemispherical.
Ambs polyporous, pore pairs in single undulating
line. Primary tubercles large, in 2 regular series
in each area. Secondary tubercles may form ver
tical series along sides of primaries. V.Cret.-Eoc.,
Eu.--FIG. 304,2. *C. meridanensis (COTTEAU),
U.Cret.(Turon.), Fr.; amb, X7 (27a).

Codechinus DESOR, 1856, p. 111 [*Echinus ro
tundus GRAS, 1848; OD, M]. Test subglobular,
of moderate size. Amb plates trigeminate, pore
pairs in oblique arcs of 3, with tendency to form
3 vertical series. Tubercles of both areas small,
imperforate, noncrenulate, not forming regular
series; larger and more numerous adorally. L.
Cret.(Apt.}, Eu-N.Afr.--FIG. 299,2. *C. ro
tundus (GRAS), Fr.; 2a, apical system, X3.3; 2b,c,
details of amb, X5.3; 2d, interamb plates, X5.3
(2a-d, 27a); 2e, amb plates, X10 (136c).

Diplechinus LAMBERT, 1931, p. 15 [*D. hebbrien
sis; OD, M]. Test moderate in size, subhemispheri
cal. Ambs with pore pairs in simple line at ambitus,
in double series adapically and in arcs of 3 at
peristome. Primary amb tubercles not regular on
all plates. Adorally, secondary tubercles form
longitudinal series along with primary series. L.
fur., N.Afr.--FIG. 300,4. *D. hebbriensis,
Domer., Morocco; 4a,b, adapical and ambital amb
plates, X? (136b).

Diplotagma SCHLUTER, 1870, p. 63 [*D. altum;
00, M]. Test very high, of medium size. Pore
zones diplopodous throughout. Primary tubercles
very small, in 2 regular series in both areas. Sec
ondary tubercles numerous, but not in series.
V.Cret., Eu.--FIG. 301,2. *D. altum, Senon.,
Ger.; 2a, amb detail, X2; 2b-d, test, lat., aboral,
oral, Xl (l5\).

Echinotiara POMEL, 1883, p. 83 [*Echinodiadema
bruni COTTEAU, 1885; OD, M] [=Echinodiadema
COTTEAU, 1869, p. 141 (obj.) (non VERRILL,
1867)]. Test subhemispherical, small to moderate
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.}-V.Cret.
(Maastricht.), Eu.-N.Afr.-NE.Afr.--FIG. 300,1;
302,2a,b. *E. bruni (COTTEAU), Bathon., Fr.;
300,1, amb, X8; 302,2a, interamb, X5.3 (27d).
--FIG. 302,2b. E. neocomiensis (DE LORIOL),
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FIG. 300. Stomechinidae (p. V403-V404, V406-V407).

Neocom., Port.; amb, X5.3 (l23).--FIG. 302,
2e. E. somalie1lSis CURRIE, Jur., Somaliland; amb
plates, ca. X8 (151).

Gomphechinus POMEL, 1883, p. 90 [OLeiosoma
selim PERON & GAUTHIER; aD]. 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. V.Cret.,
N.Afr.-Madag.--FIG. 303,1. °G. selim (PERON
& GAUTHIER), Senon., Alg.; 1a-e, test, aboral,
oral, lat., XI.2; 1d, amb, XU (35).

Jeannetia MERCIER, 1936, p. 421 [oJ. morte1lSel1i;
aD, 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.Jlfr.-M.Jlfr.( Bajoe.
Callov.} , Fr.-USA(Wyo.) .--FIG. 302,1. oJ.
mortel1sel1i, Hettang.; 1a,b, amb, interamb, X?
(l36c). [=Parastomeehil1l1S PHILIP, 1963, p. 1111
(type, P. brighlol1i; aD).]

Noetlingaster VREDENBURG, 1911, p. 46 [°Pro
lec!,i11lls palfeillfberelflallfs NOETLING, 1897, p. 14;
aD] [=Prolec!,il1lfs NOETLING, 1897, p. 14
(preocc.) (obj.); Noetlil1gia LAMBERT, 1898, p.
126 (preocc.) (obj.)] [11011 Noetlil1gia HALL &

CLARK, 1894, l1ee BEURLEN, 1928]. Test medium
sized to very large, hemispherical or subconical.
Amb plates trigeminate. Pore pairs characteristic,
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FIG. 301. Stomechinidae (p. V403, V408).

2 large pairs close to edge of area, one small pair
farther inward occupying small separate plate.
V.Cret.( Maastricht.), N.Afr.-Madag.-Pak.--FIG.
302,3. N. sanfilippoi CHECCHIA-RISPOLI, Tripoli
tania; 3a, test, lat., XO.8 (19); 3b, amb, adapical
part, X4.7 (l36c).

Phymechinus DESOR, 1856, p. 133 [OEchinlis mira
bilis L. AGASSIZ; aD] [=Alterneclzintls SCHLUTER,
1870, p. 62 (type, A. cretacew)]. Test large, sub
hemispherical. Ambs polyporous, pore pairs in
double series throughout. Primary tubercles large,
in 2 regular series in each area; secondaries scarcely
reaching size of primaries. Apical system small

(0.2 horiz. diam.). Peristome very large (0.5
horiz. diam.). M.lllr.( Bajoc.)-V.Cret., Eu.--FIG.
303,2. 0p. mirabilis (AGASSIZ), U.]ur.(Oxford.),
Fr.; 2a, detail of amb, X5.3; 2b-d, test, aboral,
oral, lat., xU (27d).

Phymotaxis LA'IBERT & THIERY. 1914, p. 253
[OLeiosoma tOllrnolleri COTTEAU, 1867, p. 768;
aD] [=Micropeltis PO"EL, 1883, p. 89 (obj.)
non REDTENBACHER, 1867; nec KRAATZ, 1880)].
Test low hemispherical, medium-sized. Ambs
polyporous, pore pairs in double series auorally,
in single undulating line adapically. Primary
tubercles in 2 regular series in each area. V.Cret.-
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Eoc., Eu.--FIG. 304,1. op. totll"l1olleri (COT
TEAU), U.Cret.(Senon.), Fr.; la-c, test, aboral,
oral, lat., X 1.2 (27a).

Polycyphus L. AGASSIZ & DESOR, 1846, p. 361 lOp.
110rlllalllll1S; 00, M] [=SporadocYP/llIs POMEL,
1883, p. 81 (?type)]. 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.ll1r.-U.lllr., Eu.-C. Asia(Tibet)-Madag.
--FIG. 299,1. op. 110rlllallllllS, Bathon., Fr.;
1a-c, test, aboral, oral, lat., X 1.3; ] d,e, amb, in
teramb, x3.3 (27e1).

Psephechinus POMEL, 1883, p. 81 [OStomechil1l1S
michelini COTTEAU, 1884; 00] [=Tiarotropus
POMEL, 1883, p. 82 (?type)]. Like PolycYP/llIs
but of moderate size, with distinguishable primary
tubercles; tubercles not abruptly larger adorally.
L.lllr.-L.Cret., Eu.-N.Afr., S.Am.-IN.Am.--FIG.
300,5a. ?P. Izyatti (W. B. CLARK), Jur., IN.Am.;
amb plates, X I (136b) .--FIG. 300,5b-g. P.
1II0rierei (COTTEAU), M.Jur.(Bathon.). Fr.; 5b,c,
amb plates, X 8; 5d-j, test, aboral, oral, lat., X 1.2;
5g, test plates, detail, X 7 (27d).

Pseudarbacia LAMBERT, 1897, p. 515 [OLeiosolll a
archiaci COTTEAU, 1866; 00, M]. Test of mod-
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FIG. 303. Stomechinidae (p. V404-V405).
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erate size, low hemispherical. Ambs trigeminate,
pore pairs in single undulating line, not distinctly
in arcs of 3. V.eret., Eu.--FIG. 300,2. *P. arch i
aei (COTTEAU), Turon., Fr.; 2a,b, amb, interamb,
x3.3 (27a).

Stomopneustes L. AGASSIZ, 1841, p. 7 [*Eehinus
varialaris 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 LAMBERT, 1910, p. 5 [*T. delallnayi;
OD, 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. lllr.(VeSlll.), Fr.-
FIG. 300,3. *T. delallnayi, St. Gaultier; 3a,b, test,
lat., oral, XO.93; 3e, amb plates, X5.3 (ll5).

Tiarechinopsis LAMBERT, 1936, p. 15 [*T. besail'lei;
OD, M]. Test small, subconical, flattened below.
Amb plates compound, trigeminate; pore zones
simple adorally, adapically "pseudotrigeminate."
Tubercles well developed adorally, 2 series in
ambs, 4 in interambs. Primary tubercles scarcely
distinguishable among small granules adapically.
M.Jllr.( Eajae.), Madag.

Triadechinus ARNOLD & H. L. CLARK, 1927, p. 20
[*T. mllltipol'lls; OD]. Test large, hemispherical.
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FIG.3U4. Stomechinidae (p. U4U3, U405-U406, U408).

Pore pairs crowded, in 3 vertical series. Primary
tubercles large, not 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 LAMBERT, 1897, p. 515 [*Leiosoma
rttgoSllm COTTEAU, 1860, p. 271; 00] [=Leio
soma COTTEAU, 1860, p. 271 (obj.) (11011 STEPH
ENS, 1831, l1ec CHEVROLAT, 1837); Plesiopeltis
LAMBERT, 1897, p. 517 (type, Circopeltis gOlll'dolli
COTTEAU, 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. V.Cret.,
Fr.-Jamaica.
T. (Trochalosoma). Secondary tubercles not as

large as primaries, not forming horizontal and
vertical series. U.Cret.-Sel1ol1., Fr.--FIG. 304,3.
*T. (T.) mgos//m (COTTEAU); 3a-c, test, lat.,
aboral, oral, X 1.3; 3d, amb, X4 (27a).

T. (Plistophyma) PERON & GAUTHIER, 1881, p.
176 [*P. africa11tl/l1; 00]. Secondary tubercles
as large as primaries forming horizontal and

vertical series. V.Cret.( Sel1ol1.), Eu.-N.Afr.-Iran.
--FIG. 301,la. T. (P.) vidali (COTTEAU),
Spain(Catalonia); test, lat., X 1.2 (26).--FIG.
301,lb. *T. (P.) africal1//m (PERON & GAUTHIER),
Alg.; interamb, mag. unknown (35).

Family UNCERTAIN
Boletechinus COOKE, 1955, p. 93 [*B. macglam

eryae; 00] [=Boletechil1us COOKE, 1953, p. 4
(110m. l1ud.)]. Like Orthocyphus, but with de
pressed sutures, and oculars I and V broadly in
sert. V.Cret.( Maastricht.) USA (Ala.).

Order ARBACIOIDA Gregory,
1900

[nom. tronsl. DURHAM & MELVILLE. 1957, p. 255 (e-x
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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FIG. 305. Arbaciidae (p. U409-U4 I 0, U4 12).
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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 dicyclic, 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.Iur. (Bathon.)-Rec.

Family ARBACIIDAE Gray, 1855
[nom. correct. GREGORY, 1900, p. 307 (pro ArI~a(iadae GRAY,

1855, p, 36)] [=Echinocidaridae TROSCHEL, 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.lur.
Rec.

Arbacia GRAY, 1835 (July), p. 58 [OCidaris pustlll
osa LESKE, 1778, p. 150 (=Echinus linda LINNE,
1758, p. 664; OD)] [=Echinocidaris DESMOULINS,
1835 (Aug.), p. 200 (obj.); Agarites L. AGASSIZ,
184 I, p. 7 (type, Ec!zinus pllnctlllatlls LAMARCK,
1816, p. 363); AnapeSlls HOLMES, 1860 (type, A,
carolinus, =Echinlls pllnctlliatus); Pygomma
TROSCHEL, 1872, p. 309 (type, Echinus spatllliger
VALETTE]. 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, ?U.
Mio., Plio., VSA(S,Car.); Pleist., VSA(S.Car.)
Italy; Rec., E.N.Am.-W.N.Am.-Falkland Is.-Eu.
W.Afr.-Medit. (probable origin on W.Am. coasts.
with Plio. and post-Plio. extension across Atlantic).
--FIG. 305,2. A. waccamaw COOKE, ?V.Mio..
VSA(S,Car.); 2a-c, test, lat" aboral, oral, X I
(24).

Acropeltis L. AGASSIZ, 1840, p, I I, 19 [OA. aeqlli
tuberculata; ODj. 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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FIG. 306. Arbaciidae (p. V409-V412).

series. Apical system characteristic, with single
large tubercle on each genital plate. V.lllr., Eu.-N.
Afr.--FIG. 306,2. *A. aeqlli/llberclIla/a, Oxford.,
Fr.; 2a,b, amb, interamb, X5.3 (27d).

Acrosaster LAMBERT, 1910, p. 30 [*A. lIIichale/i;
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
ually dimorphic.] M.lllr.{ Bat/IOn.), Fr.

Arbaciella MORTENSEN, 1910, p. 327 [*A. elegans;
OD, M]. Like Arbacia, but small forms, with pore
zones but slightly widened adorally. Tubercles
confined to adoral side. Rec., W.Afr.

Arbia COOKE, 1948. p. 606 [*CoelopleIIrtIS aldrichi
W. B. CLARK, 1915, p. 158; OD]. Like Arbacia,
but having simple amb plates adapically, and
spheridial pits. V.Oligo., USA (Ala.) ; L.Mio., USA
(Miss.).--FIG. 305,3. *A. aldrichi (W. B.
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CLARK), V.Oligo., USA (Ala.), test, lar. (sl'ntype),
Xl (24).

Atopechinus THIERY, 1928, p. 100 [*A. 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.lul'.( Ballzon.), Eu.--FIG. 306,1.
*A. cellensis, Fr.; amb, adapical, X8 (l36b).

Baueria NOETLING, 1885, p. 184 [*B. geomell'ica;
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 spine
like knobs. Apical system also decorated with
granular striae. Eoc., Ger.-Fr.

Codiopsis L. AGASSIZ, 1840, p. 13, 19 ['EclllllllS
doma DESMAREST, 1825; SD LAMBERT & THIERY,
19H, p. 263] [=Pse/ldocodiopsis VALETTE, 1906,
p. 19 (type, Codiopsis alpina GRAS); Hemicodiop
sis POMEL, 1883, p. 82 (?tl'pe); PilisClis POMEL,
1883, p. 82 (ltype)]. 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

© 2009 University of Kansas Paleontological Institute



U412 Eehinodermata-Eehinozoa-Eehinoidea

stalked granules present adapically and adorally.
V.Jul·.-Eoc., Eu.-N. Afr.-Asia Minor-N. Am.-Carib.
--FIG. 308,la. C. regalis ARNAUD, U.Cret.
(Senon.), Fr.; interamb, Xl.7 (26).--FIG. 308,
Ib-g. *C. doma (DESMAREST), U.Cret.(Cenoman.),
Fr.; lb,c, amb, interamb, X2; ld, apical system,
X3.3; le-g, test, aboral, lat., oral, XU (27a).

Coelopleurus L. AGASSIZ, 1840, p. 12, 19 [*C. equis
(=*Cidaris coronalis LESKE, 1778); aD]
[=Keraiophorus MICHELIN, 1862, p. 2 (?type):
Spileccia HEBERT & MUNIER-CHALMAS, 1878, p.
1313 (nom. nud.); Phrissopleurus POMEL, 1883,
p. 88 (?type); Delbosia POMEL, 1883, p. 88
(?type); SYkesia POMEL, 1883, p. 88 (type, C.
pratti D'ARCHIAC & HAIME); Murravechinus TATE,
1894, p. 191 (nom. nud.); Coeloclypeus WALTHER,
1893, p. 321 (nom. nud., ?lapstu calami)]. Test
low hemispherical flattened below, rounded or sub
pentagonal in outline (up to 50 mm. horiz.
diam.). Amb plates compound, trigeminate, with
primary tubercles in regular series throughout.
Interambs with primary tubercles adoraIly, becom
ing redu~ed or lacking adapically. Ambs usually
raised above level of interambs. Interambs ad
apically with naked median space. Eoc.-Rec.,
cosmop.; Rec., species mainly deep-water.--FIG.
305,1. *c. coronalis (LESKE), Eoc.(Lutet.), Fr.;
la-c, test, aboral, lat., oral, Xl.2 (44); Id, in
teramb and apical system, X3.3 (27e). [=Koerai
aphorus COTTEAU, 1863, p. 377 (nom. null.).]

Cottaldia DESOR, 1856, p. 113 [*Echinus benettiae
KONIG, 1820, p. 2; aD, M] [=Cotteaudia 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 numerous, small,
uniform, arranged in transverse series. V.Cret.
(Cenoman.), Eu.-N.Afr.-?W.Afr.--FIG. 307,2.
*C. benettiae (KONIG), Fr.; 2a, apical system,
X3.3; 2b-d, test, aboral, lat., oral, X 1.2; 2e,l,
interamb, amb, x3.3 (27a). [=Heterocosmus
POMEL, 1883, p. 83.]

Dialithocidaris A. AGASSIZ, 1898, p. 75 [*D. gemmi
lera; aD, M]. Test small, subconical, flattened
adorally. Amb plates trigeminate, pore zones
widened adorally. Primary tubercles adorally, con
tinuing halfway to the apical system. Numerous
papillae adapicaIly, arranged in horizontal series
in interambs. Test not sculptured. Apical system
large, with 4 anal valves. Rec., Panama (3,200
m.).

Glypticus L. AGASSIZ, 1840, p. 13, 19 [*EchinttS
hieroglyphicus GOLDFUSS, 1826; aD] [=Holo
glyptus POMEL, 1883, p. 88 (preocc.); Panglyptus
LAMBERT & THIERY, 1914, p. 262 (type, Glypticus
kaulmanni COTTEAU)]. Test low, hemispherical
flattened adorally, of moderate size. Amb plates
compound, trigeminate, with pores in straight
series adapically, in arcs adorally. Amb and inter
amb primary tubercles well developed adorally,
smaller adapically, where they are barely dis-

tinguishable in coarse epistroma. Jur.( Callov.
Tithon.), Eu.-N.Afr.-AsiaMinor.--FIG. 309,1a-d.
*G. hieroglyphictls (GOLDFUSS), U.Jur.(axford.),
Fr.; la,b, test, aboral, lat., X1.2; lc,d, amb, in
teramb, X2.3 (27d).--FIG. 309,le. G. integer
DESOR, U.Jur.(Kimmeridg.), Fr.; amb, x2.3
(27d).--FIG. 309,11. G. stllcatus (GOLDFUSS),
U.Jur.{Kimmeridg.), Fr.; amb, X2.3 (27d).-
FIG. 309,lg. G. kaulmanni COTTEAU, Jur.(ax
ford.), Fr.; amb, X2.3 (27d).

Goniopygus L. AGASSIZ, 1838, p. 19 [*G. peltatus;
aD] [=Cyphopygus POMEL, 1883, p. 89 (?type);
Polygoniopygus VALETTE, 1906, p. 11 (type,
Goniopygus pillati COTTEAU; aD)] Test small to
medium-sized, hemispherical, flattened below. Amb
plates compound, trigeminate, or quadrigeminate
at ambitus; pore zones simple, widened at peri
stome. Primary tubercles of both areas large, in
regular series throughout. Apical system large,
genital plates elongate. [Polygoniopygus was pro
posed as a subgenus intended to include polyporous
species of Goniopygus, but a trigeminate form was
selected as the type by VALETTE (1906). Tetra
goniopygtls FELL & PAWSON now embraces the
polyporous species.] V.Jur.-Eoc., Eu.-Asia-N.Afr.
N.Am.-S.Am.
G. (Goniopygus). Amb plates trigeminate. V.Jur.

(Portland.)-Eoc., Eu.-Asia-N. Afr.-N.Am.-S.Am.
--FIG. 306,3a. G. (G.) major L. AGASSIZ, U.
Cret.(Cenoman.), Fr.; amb, ca. X3.3 (27a).-
FIG. 306,3b,c. G. (G.) noguesi COTTEAU, L.Cret.
(Neocom.), Spain; interamb, spine, ca. X3.3
(27a).--FIG. 306,3d. G. (G.) arnaudi COT
TEAU, U.Cret. (Turon.) , SW.Fr.; amb, ca. X3.3
(32).

G. (Tetragoniopygus) FELL & PAWSON, 1965, herein
[*Goniopygus stlpremus HAWKINS, 1924, p. 313;
aD]. Amb plates partly quadrigeminate. Cret.
Paleoc., Eu.-N. Am.-Carib.--FIG. 306,4. G.
(P.) minor SORIGNET, Paleoc.(Mont.), Fr.; amb,
ca. X3.3 (27a).

Habrocidaris A. AGASSIZ & H. L. CLARK, 1906, p.
234 [*Podocidaris scutata A. AGASSIZ, 1880, p.
72; aD]. Test small, low hemispherical, flattened
adorally. Proximal 4 or 5 amb plates simple, re
mainder trigeminate. Tubercles confined to adoral
surface and ambitus; only small papillae adapically.
Apical system large, with 5 anal valves. Rec.,
Hawaii-Carib.

Heteropodia DE LORIOL in WHITE, 1887, p. 254
[*H. wltiui; aD, M]. Test small, very low, flat
adoraIly, slightly convex adapically. Pore 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 MICHELIN, 1858, p. 34 [*Ecllintls nodulo
sus GOLDFUSS, 1826; aD] [=Ttlberculina EBRAY,
1858, p. 52 (obj.)]. Test small to moderate-sized,
hemispherical, with oral side flattened. Amb
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FIG. 308. Arbaciidae (p. U411-U413).

plates compound, trigeminate, pores in straight
line adapically, forming arcs of 3 near peristome.
Interamb tubercles in vertical and horiwntal
series, primary tubercles indistinguishable. M./llr.
(Bathol1.) - U. Cret. (Cel1omal1.), Eu.-N. Afr.-Asia
Minor.
M. (Magnosia). Amb tubercles forming at least

double series. Apical system dicyclic. M.lllr.
(Bathol1.)-U. Cret. (ColOmal1.), Eu.-N. Afr.-Asia
Minor.--FIG. 307,la-d. 'M. (M.) nodlliosa
(GOLDFUSS), U.Jur.(Oxford.), Fr.; 1a-c, test,
aboral, lat., oral, XI.I; 1d, interamb, X3.3
(27d).--FIG. 307,le,l. M. (M.) perol1i COT
TEAU, M.Jur.(Bathon.), Fr.; 1e, interamb, adoral,
with primordial plate, X3.3 (91); 11, apical sys
tem, X3.3 (27d).--FIG. 307,lg. M. (M.)
pilos (1. AGASSIZ), L.Cret.(Valal1gil1.), Fr.; amb,
X2 (27a).

M. (Eucosmus) L.AGASSlZ, 1846, p. 356 ['E.
decoratllS; 00] [=ElIcosmechil1l1s LAI\IBERT &

THIERY, 1914, p. 270 (obj.) (110m. vall.) (to
replace ElIcosmllS, supposedly preocc. by Ellcosma
HUBNER, 1826)]. Amb tubercles reduced to single
median series. Apical system of some monocyclic.
U.lllr.-L.Cret., Eu.-N.Afr.--FIG. 308,2. M.

(E.) meslei (GAUTHIER), L.Cret.(Neocom.), Al
geria; 2a, amb, X2.3; 2b, apical system, X3.3
(35).

Pleiocyphus POMEL, 1883, p. 82 ['GlypticllS regu
laris ETALLON, 1862; 00, M]. Like GlypticllS but
with adapical surface of test provided with true
tubercles in regular transverse series. Epistroma
lacking. M.lllr., Eu.-AsiaMinor.--FIG. 309,2. P.
bllrglll1diaclIs (MICHELIN), Callov., Fr.; 2a-c, test,
aboral, oral, lat., X 1.2 (27d).

Podocidaris A. AGASSIZ, 1869, p. 258 ['Po wi/pta;
00]. Test very small, low hemispherical, flat
tened below. Amb plates trigeminate, pore zones
simple. Tubercles confined to adoral side. Nu
merous slender papillae 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 DODERLEIN, 1905, p. 621 ['Podo
cldaris priol1igera A. AGASSIZ, 1879, p. 199; 00,
M]. Like Dialithocidaris, but with no tubercles
adapically. only papillae. Pore zones scarcely
widened adorally. Only 4 anal valves. [600-3,000
m.] Rec.,lnd.O.

Tetrapygus 1. AGASSIZ, 1841, p. 7 ['Echil1l1S l1iger
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MOLINA, 1782, p. 175; 00, M] [=Echinocidaris
DUNCAN, 1889, p. 94 (non DESMOULlNS, 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

[nom. fran:d. DURHAM & :-'iHVILLE, 1957, p. 255 (ex sub·
order Temnopleurina :V{ORH.NSEN. 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.Jur.-Rec.

Family GLYPHOCYPHIDAE Duncan,
1889

[nom. Iransl. et emend. rV!ORHNSEN, 1942, p. 225 (ex
Glyphocyphinae DUNCAN, 1889, p. 96) I

Tubercles perforate, crenulate. Test sculp
tured. Ambs compounded in diadematoid
manner, trigeminate or polyporous. L.Jur.
Eoc.
Glyphocyphus HAIME, 1853, p. 202 [.EchillllS

radiatus HOENINGHAUS, 1826; SO LAMBERT &

THIERY, 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. V.Cre/.( Cenoman.),
Eu.-N.Afr.; Eoc., Eu.
G. (Glyphocyphus). Apical system monocyclic,

elongate. V. Cre/. (Cotoman.), W. Eu.-N. Afr.
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(Alg.).--FIG. 310,1. "G. (G.) .-adia/IIS (HoEN
INGHAUS), Fr.; Ia-c, test, aboral, lat., oral, X I
(27a); Id,e, test plates, apical system, X8 (27a);
Ij, amb, XIO (112); Ig, interamb, X3.3 (27a).

G. (Rhabdopleurus) COTTEAU, 1893, p. 594
["Glyplzacyp/ms a/axensis COTTEAU, 1886, p. 725;
OD] [=CryptacYP/l/Is LAMBERT & THIERY, 1914,
p. 274 (obj.)] [nan Rlzabdoplellra ALLMAN,
1869; nec DAWSON, 1870; nec DE KONINCK,
1881]. Apical system with oculars I and V only
insert. Periproct not elongate. Eac., Eu.--FIG.
310,2. "G. (R.) a/axensis (COTTEAU), M.Eoc.,
Fr.; 2a, amb, X7; 2b, interamb, X3.3; 2c,
apical system, X8; 2d-j, test, aboral, oral, lat.,
X 1.2; 2g, interamb plate, X 13.3 (27a).

Ambipleurus LAMBERT, 1932, p. 198 ["Dictyo
plellrllS dOllvillei LAMBERT, 1824; OD] [=Medo
clzeclzinlls JEANNET, 1935, p. 559 (type, M.

jabrei) ]. 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. Eoc., Eu.-Egypt-W.
Pak.--FlG. 311,3a. "A. dOllvillei (LAMBERT),
Egypt; test detail, X3.3 (112).--FIG.311,3b,c.
A. darc!liaci DUNCAN & SLADEN, W.Pak.(W.Sind);
3b,c, test detail (3c weathered), X? (47).--FIG.
311,3d-j. A. dargllini (JEANNET), Fr.; 3d-j, test,
lat., aboral, oral, X 1.3 (90).

Arachniopleurus DUNCAN & SLADEN, 1882, p. 42
["A. reticlllatlls; OD]. Small, low hemispherical.
Plates polyporous, pores in slight arcs; tubercles
of both areas on raised scrobicules with radiating
costae. Elaborate network of costae on plates. No
sutural pits. Eoc., Asia(W.Pak.)-Eu.(Italy-Spain).
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FIG. 311. Glyphocyphidae (p. U415-U417).

--FIG. 312,1. *A. reliCIIlatlls, W.Pak.(W.Sind);
test detail, mag. unknown (47).

Dictyopleurus DUNCAN & SLADEN, 1882, p. 38 [*D.
ziczac; 00]. 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.).--FIG. 311,2a. *D. ziczac,
W.Sind; test detail, Imag. (47).--FIG. 311,2b.
D. /Jaimei DUNCAN & SLADEN, W.Sind; test detail,
mag. unknown (47).

Echinopsis L. AGASSIZ, 1840, p. 9, 18 [*EchillllS
degalls DES"OULINS, 1837; aD] [=Hebertia
MICHELIN, 1859, p. 147 (type, H. parisiellsis)].
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 secondaries. Interambs
with 2 regular series of small primary tubercles
and irregularly arranged secondaries. Eoc., Eu.-W.
Afr.--FIG. 312,4a-c. *E. elegalls (DESMOULINS),
Fr.; 4a, apical system. X4.7; 4b,c, test, aboral,
lat., X 1.2 (27e).--FIG. 312,4d-/. E. parisiellsis
(MICHELIN), Fr.; 4d, primary spine, X8; 4e,
amb detail, X5.3; 4/, interamb detail, X3.3
(27e).

Glyptodiadema PO"EL, 1883, p. 102 [*Pselldodia
dema caylllxel1se COTTEAU, 1880; 00, 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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FIG. 312. Glyphocyphidae (p. U415-U417).

U417

sutures with distinct depressions. L.lllr., W.Eu.-
FIG. 312,2. *G. cayluxense (COTTEAU), Pleinsbach.,
Fr.; 2a,b, test, aboral, lat., X 1.7; 2c,d, amb, inter
amb, detail, x5.3 (27d).

Hemidiadema L. AGASSIZ, 1846, p. 351 [*H. rugo
slim; 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
sutures with small round depressions. L.Cret.
(Neocom.)-U. Cret. (Cenoman.), W. Eu. -- FIG.
311,1a-c. H. intermedillm COTTEAU, Cenoman.,
Fr.; 1a,b, amb, interamb, X3.3; le, test, lat.,
X 1.3 (27a).--FIG. 311,1d-g. *H. fIIgoslIm,
Apt., Fr.; ld,e, amb, interamb, X3.3; it, apical
system, X7; 19, test detail, X5.3 (27a).--FIG.

311,1h. H. neocomiense COTTEAU, Neocom., Fr.;
amb detail, X 7 (31).

Progonechinus DUNCAN & SLADEN, 1882, p. 43 [*P.
eocenicllS; 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.).--FIG. 312,3. *P. eocenicllS,
W.Sind; detail of test plates, X13.3 (47).

Radiocyphus COTTEAU, 1890, p. 98 [*R. vilanovae;
OD]. Hemispherical, of moderate size. Amb plates
polyporous; primary tubercles of both series with
radiating depressions in areoles. Interamb hori
zontal sutures have depressions adorally. Eoc., W.
Eu.--FIG. 310,3. *R. vilanol'ae, Spain; 3a,b,
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interamb, amb, X2; 3c-e, test, lat., aboral, oral,
Xl.2; 3/, test detail, X5.3 (33).

Family TEMNOPLEURIDAE
A. Agassiz, 1872

[Temnopleuridae AGASSIZ, 1872, p. 285jemend. DUNCAN,

1889, p. 96, MORTENSEN, 1942, p. 2251

Tubercles imperforate, usually crenulate.
Test generally sculptured conspicuously by
ridges or depressions, or both. Ambs com
pounded in echinoid manner, invariably tri
geminate; pores arranged monoserially or in
several vertical series; pore zones not ex
panded adorally. Gill slits shallow. Pedi
cellariae of globiferous, triphyllous, ophi
cephalous and (usually also) tridentate
types. U.Cret.( Cenoman.)-Rec.
Temnopleurus L. AGASSIZ, 1841, p. 7 [*Cidaris

toreumatica LESKE, 1778, p. 155; OD] [=Prym
nechinus KOEHLER, 1927. p. 109 (type, P.
proctalis) ]. Moderate in size or small, low hemi
spherical or subconical. Angular pits present,
distinct; ambs with one pit, from median suture
to primary tubercle; in interambs 2 pits, one
medial, other adradial, separated by primary
tubercle. Tubercles distinctly crenulate. Mio., Asia
(India-Indonesia-Iran); Plio., Iran; Rec., W.Pac.
IndoPac.
T. (Temnopleurus). Anus subcentral; no distinct

suranal plate. Pits small or obsolete adorally.
Mio., Asia (India-Indonesia-Iran); Plio., Iran;
Rec., W.Pac.-IndoPac.--FIG. 313,2. *T. (T.)
toreumatica (LESKE), Mozambique; amb plates,
x5.3 (l36d).

T. (Toreumatica) GRAY, 1855, p. 39 [*T. reevesi;
OD] [=Coptopleura IKEDA, 1940, p. 92 (type.
C. sema)]. Anus excentric, suranal plate distinct.
Pits remain distinct adorally. Rec., W.Pac.-Indo
Pac.

Amblypneustes L. AGASSIZ, 1841, p. 7 [*Echinus
ovum LAMARCK, 1816, p. 48; OD]. Moderate in
size, ovate or hemispherical. Angular pores pres
ent, 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.-
FIG. 313,4. A. pachistus H. L. CLARK, S.Australia;
amb plates, X5.3 (l36d).

Arbacina POMEL, 1869, p. xli [*Echinus monilis
DESMAREST, 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 primaries may
be elongate. L.Mio.-Plio., Eu.-W.A£r.--FIG. 313,
la-e. *A. monilis (DESMAREST), Helvet., Fr.; la,b,
test, aboral, lat., X1.2; lc, test, detail, X8 (109);

!d, interamb, X 13.3 (136d); Ie, amb, X 10 (12).
--FIG. 313,1/. A. romana (MERIAN), Plio.,
Sicily; interamb, X 13.3 (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.--FIG. 313,5. *A.
elegans, Admiralty Is.; Sa, interamb, ambital re
gion, X 8 (136d); 5b,c, amb, aboral, oral, X 8
(l36d).

Brochopleurus FOURTAU, 1920, p. 25 [*Temnechinus
stel/ulatus DUNCAN & SLADEN, 1886, p. 304; OD].
Small, hemispherical. Angular pores and pits lack
ing. Primary tubercles noncrenulate. Distinct ra
diating sculpture around primary and some sec
ondary tubercles. Apical system dicyclic, Gill slits
small, indistinct. Eoc., N. Am.(Ala.)-?N. Afr.
(Egypt); M.Oligo.( Landon.}, N.Z.; U.Oligo-L.Mio.
(Janjllk.) , Australia-N.Z.; M.Mio.(Torton.} , Asia
W.Pak.)-N.A£r.(Egypt).--FIG. 313,3a,b. *B. stel
latus (DUNCAN & SLADEN), M.Mio., W.Pak.(W.
Sind); 3a,b, test, lat., detail, X 1.07, X8 (47).
--FIG. 313,3c. B. gajensis (DUNCAN & SLADEN),
M.Mio., W.Pak.(W.Sind); test detail, X8 (57).
--FIG. 313,3d. B. sadeki FOURTAU, Mio., Egypt;
apical system, X 7 (136d).

Desmechinus H. L. CLARK, 1923, p. 342 [*D.
anomaills; OD] [*Javanechinus JEANNET, 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 genital 1. Gill slits
sharp, deep. Valves of globiferous pedicellariae
without lateral teeth. Spines smooth. Mio., Java;
Rec., Indonesia.--FIG. 314,6. *D. anomalus,
Rec., China Sea; 6a,b, test plates (holotype), apical
system, X4 (136d).

Echinocyphus COTTEAU, 1860, p. 226 [*Glypho
cyphus tenuistriatus DESOR, 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.(TlIron.} , Eu.--FIG. 314,
2a-d. *E. tenuistriatus (DESOR), Fr.; 2a, test, lat.,
Xl.3; 2b,c, amb, interamb, X4; 2d, interamb
plates, X8 (27d).--FIG. 314,2e. E. matronensis
LAMBERT & THIERY, Fr.; amb, X4 (115).

Erbechinus JEANNEY, 1935, p. 558 [*E. erbi; OD].
Moderate in size, low, subconical. Angular pores
or pits lacking. Sculpture in form of distinct
multiple transversely elongate depressions in
horizontal sutures. Interamb tubercles finely
crenulate, forming horizontal series adorally. Apical
system dicyclic. Gill slits small. Plio., Java; Rec.,
Indonesia (Kei Is.).--FIG. 314,1. *E. erbi, Plio.,
Java; 1a-c, test, lat., oral, aboral, X1.3 (114).
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Asterechinus
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Temnopleurus

3c Brochopleurus

FIG. 313. Temnopleuridae (p. U418).

Genocidaris A. AGASSIZ, 1869, p. 262 [·G. macII!ata;
00]. Small, regularly hemispherical. Tubercles
noncrenulate, indented. Sculpture in form of small
scattered depressions. Apical system dicyclic, ocu
lars widely exsert. Rec., Carib.-E.Atl.-Medit.

Glyptechinus DE LORIOL, 1873, p. 169 [·G. roclzati;
00]. 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. eret., Eu.--FIG. 315,1.
·G. 1"Oclzati, Vrgon., Switz.; la, test, lat., X 1.7;
lb,c,amb, interamb, X7 (119).

Goniosigma FELL, 1964, p. 201 ['EcllinllS enysi
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HUTTON, 1873, p. 39; 00]. Small to moderate
in size. Small secondary tubercles of admedian
angles of interamb plates arranged in vertical

40

6b

zigzag series, parallel to abradial su tures, so as to
form sigmoid patterns on either side of interradius.
Each ambital amb plate with single primary

FIG. 314. Temnopleuridae (p. U418-U423).

© 2009 University of Kansas Paleontological Institute



Euechinoidea-Echinacea-T emnopleuroidc; U421

tubercle and single secondary tubercle. Interamb
plates as in Grammechintls. L.Oligo.-M.Oligo.,
N.Z.--FIG. 314,5. ·G. enysi (HUTTON); part
of test (holotype), X4 (59).

Grammechinus DUNCAN & SLADEN, 1885, p. 82
[·G. regtllaris; OD, M]. Moderate-sized, de
pressed. Tubercles noncrenulate. Interamb plates
transversely elongate, with primary tubercle in

10

-.: ;\
I ;:-0
I"~r.:
1.•.~~

Leiocyphus

Lomprechinus

5

3d

Irenechinus

FtG. 315. Temnopleuridae (p. U419, U423).
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Echillodermata-Echillozoa-Echilloidea

2d

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

Orechinus

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. Mia.,
Asia(W.Pak.).--FIG. 314,4. *G . .-egll/aris; 4a,
test, adoral, XO.74; 4b, test plates, X4 (48).

Graphepleurus H. L. CLARK, 1945, p. 315 [*G.
granll/aris; OD] [=Grap/zec/zinlls H. L. CLARK,
1945, p. 317 (obj., /apSlls ca/ami)]. 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. Mia.,
Fiji.

Holopneustes L. AGASSIZ, 1841, p. ix [*H. para
sissimllS; OD]. Medium·sized, globular. Small
angular pores present. Every 2nd or 3rd amb plate
with primary tubercle, primary amb tubercles oc-

© 2009 University of Kansas Paleontological Institute



Euechinoidea-Echinacea-T emnopleuYoida U423

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. Rec., Australia-Tasmania, N.Z.-
FIG. 314,3. H. inflatus LUTKEN, N.Z.; amb plates,
X5.3 (136d).

Hypsiechinus MORTENSEN, 1903, p. 81 ["H. coro
natus; OD, M]. Very small, low, flattened above
and below. Test sculpture visible but inconspicu
ous, taking form of small irregular 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.).--FIG. 316,5. "H. coronatus;
amb, X 11.3 (136d).

Irenechinus FELL, 1964, p. 211 ["I. hentyi; OD].
Like Brochopleurus, but with small to medium
sized test and distinctly crenulate tubercles, sec
ondary tubercles of interambs carried on ridges
of epistroma tending to form zigzag series between
primary tubercles. L.Oligo.-M.Oligo., N.Z.; L.Mio.,
Australia.--FIG. 315,5. "l. hentyi, L.Mio.(Bates
ford.), Victoria; test detail (holotype), X7 (58).

Lamprechinus DODERLEIN, 1905, p. 622 ["L. niti
dus; OD]. Small, low hemispherical. Angular
pores or pits lacking. Test sculptured. Tubercles
noncrenulate. Apical system smooth, oculars wide
ly exsert. Gill slits obsolete. Valves of globiferous
pedicellariae with short open blades. Rec., W.Pac.
IndoPac.--FIG. 315,4. L. sculptus MORTENSEN,
Japan; interamb (holotype), X7 (136d).

Leiocyphus COTTEAU, 1866, p. 760 ["Arbacia con
juncta L. AGASSIZ, 1840; OD, M]. Small, hemi
spherical. Primary tubercles noncrenulate, forming
regular series. Primaries and secondaries com
pressed, oval in outline. Small inconspicuous de
pressions present, no angular pores or pits. Apical
system small, caducous. v.eret., Eu.--FIG. 315,
2. "L. eonjunetus (L. AGASSIZ), Cenoman., Fr.;
2a-e, test, aboral, oral, lat., X 1.3; 2d,e, amb,
interamb, X 7 (27a).

Leptopleurus LAMBERT & THIERY, 1910, p. 229 [pro
Lepidopleurus DUNCAN & SLADEN, 1885, p. 306
(non RISSO, 1826; nee CLAPAREDE, 1868; nee
DALL, 1879)] ["Lepidopleurus hemisphaerieus
DUNCAN & SLADEN, 1885, p. 306; OD]. Small
hemispherical. Sculpture in form of ridges cross
ing interporiferous zones. Horizontal interamb
sutures bend downward in middle, producing
scalelike appearance. Primary tubercles smooth.
Apical system dicyclic. Mio.(Gaj.} , W.Pak.-Egypt.
--FIG. 315,3a,b. ?L. balli (FOURTAU), Sinai;
3a, detail of test, XO.7; 3b, test, lat., Xl.l (64).
--FIG. 315,3c-e. "L. hemisphaericus (DUNCAN
& SLADEN), W.Pak(W.Sind); 3e,d, details of
ambital region and aboral surface, X?; 3e, lat.
aspect, X 1.2 (47).

Martinechinus JEANNET, 1937, p. 232 ['M. molen
graaffi; OD, M]. Moderate·sized. Sculpture com-

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.-Pleist., Timor.--FIG. 316,3.
'M. molengraaffi; 3a, oral (holotype), XO.8;
3b,c, parts of amb, interamb (holotype), X4 (91).

Mespilia DEsoR, 1846, p. 357 ['Ecilinus globulus
LINNE, 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 present, at least
in juveniles. Each amb plate with primary tubercle.
Globiferous pedicellariae with widened blades.
Ree., IndoPac.-W.Pac.(E. to Tonga and ?Hawaii).
--FIG. 316,1. "M. globulus (LINNE), Indonesia;
amb plates, X7 (136d).

Microcyphus L. AGASSIZ, 1846, p. 358 ["M. macala
tus; OD] [=Anthechinus A. AGASSIZ, 1863, p.
358 (type, A. roscus); Salmacopsis DODERLEIN,
1885, p. 21 (type, S. olivacea)]. Moderate-sized
to small, hemispherical or high, ovate. Tubercles
mostly confined to median part of plates, gen
erally leaving very conspicuous naked area along
both horizontal and vertical sutures. Angular pores
very small, tubercles noncrenulate or weakly
crenulate. Apical system compact, dicyclic. Mio.,
Java; Plio.(?Pleist.} , Timor; Rec., W.Pac.-Indo
Pac.--FIG. 316,2a. 'M. maculatus, Rec., Mauri
tius; amb plates, X7 (136d).--FIG. 316,2b,c.
M. javanus jEANNET, Mio., Java; 2b,c, interamb
plates, apical system, X4 (114).--FIG. 316,2d.
M. sp., Plio., Timor; plates of ambital region,
X4 (91).

Opechinus DESOR, 1856, p. 107 ["Temnopleurus
costatus D'ARCHIAC & HAIME; SD POMEL, 1883,
p. 85 ] [=Trumechinus LAMBERT & THIERY, 1910,
p. 218 (type, T. batheri); Pseudopechinus LAM
BERT & THIERY, 1910, p. 232 (type, Temnopleurus
costatus D'ARCHIAC & HAIME, 1853 (nom. van.)
(obj.)]. Like Erbechinus, but with small to mod
erate-sized test, low hemispherical or almost
globular. Interamb tubercles not forming hori
zontal series adorally. Eoc., India; Mio.-Plio.,
Indonesia; Rcc., Japan-Indonesia.--FIG. 316,4c.
"0. costatus (D'ARCHIAC & HAIME), Eoc., India;
test plates, X? (7).--FIG. 316,4a. O. hookeri
(D'ARCHIAC & HAIME), Eoc., India; test plates,
X? (7).--FIG. 316,4b. O. rousseaui (D'ARCHIAC
& HAIME), Eoc., India; test plates, X? (7).-
FIG. 316,4d. O. gcrthi (LAMBERT), Plio., Timor;
test,lat., XU (68).

Orechinus DODERLEIN, 1905, p. 622 ['Trigono
cidaris monolini A. AGASSIZ, 1879, p. 203; OD].
Small, low hemispherical, deeply sculptured, with
ridges and furrows connecting primary tubercles;
secondary tubercles may be weakly crenulate, little
developed, not forming horizontal series. Apical
system deeply sculptured, oculars widely exsert.
Buccal membrane naked outside of buccal plates.
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FIG. 317. Temnopleuridae (p. U424-U425).

Rec., W.Pac.-lndoPac. (450-2300 m.).--FIG.
316,6. *0. monolini (AGASSIZ), Indonesia; 6a,b,
interamb, amb, X8 (136d).

Paradoxechinus LAUBE, 1869, p. 186 [*P. novus;
OD] [=Coptechimls COTTEAU, 1883, p. 27 (type,
C. bardini); Ortholophlls DUNCAN, 1887, p. 414
(type, Temnecllinlls lineatlls DUNCAN, 1876, =P.
nOI'ltS) (obj.)]. 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 area, spaces be-

tween ridges flat. No distinct secondary tubercles.
Apical system dicyclic. Eoc., Eu.; Oligo.-Mio.,
Australia-Eu.--FIG. 317,la,b. *P. novllS, Mio.,
S. Australia; la, test, aboral, X3.3 (15); lb,
test, lat., Xl.l (l17).--FIG. 317,lc,d. P. bardini
(COTTEAU), MiD., Fr.; 1c,d, interamb, amb, X 12
(31) .

Paratrema KOEHLER, 1927, p. 90 [*PlellrechinllS
doderleini MORTENSEN, 1904, p. 90; OD]. Small,
strong, low hemispherical or almost globular. Pri
mary tubercles indistinctly crenulate, indented;
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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. Rec., trop. W.Pac.
IndoPac.--FIG. 317,7. ·P. doederleini (MOR
TENSEN), Siam; amb plates, x9.3 (136d).

Printechinus KOEHLER, 1927, p. 97 [·P. impresws;
OD]. Like Opechil1lls, but with depressions in
horizontal sutures elongated vertically. Plio., Java;
Rec., Ind.O.-Indonesia.

Prionechinus A. AGASSIZ, 1879, p. 202 [·P. sagiui
ger; OD]. Small, hemispherical. No distinct
sculpture on test, pores or pits lacking. Primary
tubercles noncrenulate, forming regular series.
Apical system regularly dicyclic, some distinctly
sculptured. Spines coarsely thorny. Globiferous
pedicellariae with single unpaired poison gland.
[Bathyal-abyssal to 3,300 m.]Rec., W.Pac.-Indo
Pac.

Pseudarbacina FOURTAU, 1920, p. 22 [.Arbacina
fraasi GAUTHIER in FOURTAU, 1902, p. 63; OD].
Like Prionechinlls, but with simple granulation
and no sculpture on test. Apical system, radioles
and pedicellariae unknown. L.Mio., N.Afr.--
FIG. 317,3. ·P. fraasi (GAUTHIER), Helvet., Egypt;
3a, test, lat., X?; 3b,c, interamb, amb, X4.6
(64).

Pseudechinus MORTENSEN, 1903, p. 106, 138
['Echinus albocinctus HUTTON, 1872, p. 12; OD]
[=Notechinus DODERLEIN, 1905, p. 623 (type,
Echinus magellanicus PHILIPPI, 1857, p. 130)].
Small to moderate-sized, hemispherical to sub
conical, lacking angular pores. Sculpture indis
tinct, 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 distinct.
Radioles without thorns. Plio., N.Z.-Australia;
Pleist.-Rec., N.Z.-Australia-S.Am.-subantarctic Is.
--FIG. 318,la,b. 'p. albocinctus (HUTTON),
Rec., N.Z.; la, test plates, adult, X3.3; lb, ad
apical part of test, juvenile, X 10 (57).--FIG.
318,lc,d. P. flemingi FELL, Rec., N.Z.; 1c,d, 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. Plio., Indon.--FIG.
319,2. ·P. reicheli, Ceram; 2a, ambital part of
amb, X40; 2b, adapical part of interamb, X40
(114).

Salmaciella MORTENSEN, 1942, p. 226 ['Salmacis
dussllmieri L. AGASSIZ, 1846, p. 359; OD]. Mod
erate-sized, low, subconical, deeply sunken at
peristome. Angular pores distinct adapically.
Tubercles crenulate. in regular series; adorally,
one primary tubercle to each amb plate, aborally

one primary tubercle on every 2nd amb plate.
Anal opening excentric, near genital 5, ocular I,
commonly insert. Rec., W.Pac.-IndoPac.--FIG.
317,6. '5. dllSwmieri (AGASSIZ), Japan; aboral
amb plates, X 4.6 (136d).

Salmacis L. AGASSIZ, 1841, p. viii ['5. bicolor; OD]
[=Melebosis GIRARD, 1850, p. 364 (type, M.
mirabilis, =EchintlS sphaeroides LINNE, 1758);
Diplopo1"US TROSCHEL, 1866, p. 158 (type ?), teste
LAMBERT & THIERY, 1910, p. 217]. Like Temno
plellrus, but with sutural pits reduced to small
ang.ular pores. Plio., Java-Timor-E.Afr.; Rec., W.
Pac.-IndoPac.--FIG. 317,8. '5. bicolor, Rec.,
Madag.; amb plates, X4.6 (136d). [=Malebosis
COTTEAU, 1867, p. 813 (nom. null.).]

Scolechinus LAMBERT & THIERY, 1925, p. 570 ['5.
dallonii; OD]. Like Broc!loplellrllS but with angu
lar pores. Oligo.-L.Mio., N.Afr.--FIG. 317,2a.
'5. dallonii, Alg.; test detail, X? (1l5).--FIG.
317,2b. ?S. catenata (DESOR), L.Mio., Fr.; test
detail, X? (109).

Temnechinus FORBES, 1852, p. 5 [·T. excavatus;
OD]. Small, subhemispherical. Angular pits pres
ent, 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., Eng.

Temnotrema A. AGASSIZ, 1863, p. 358 [·T. sculp
tum; OD] [=Pleurechinus A. AGASSIZ, 1872, p.
152, 464 (type, P. bothryoides) (non L. AGASSIZ,
1841); Dicoptella LAMBERT, 1907, p. 17 (type,
D. agassizi, =T. sculptum A. AGASSIZ) (obj.);
Paradicoptella JEANNET, 1935, p. 42 (type, P.
rutteni)] [non Temnotrema LAMBERT & JEAN NET,
1935 (=Temnoplellrus)]. Like Paratrema, but
with 10 buccal plates. Mio., Java-Burma; Plio.,
Indonesia; Rec., W.Pac.-IndoPac. (Red Sea to
Hawaii, Japan to Australia).--FIG. 317,4. T.
pulchellum (MORTENSEN), Rec., Indonesia; inter
amb plates, X 7.3 (136d).

Trigonocidaris A. AGASSIZ, 1869, p. 263 [·T. albida;
OD]. Small, hemispherical or depressed. Angular
pores 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. Rec., W.Pac.-IndoPac.-N.Atl.-
FIG. 317,5. T. micropora MORTENSEN, Indonesia;
5a,b, amb, interamb, X 10 (136d).

Triplacidia BITTNER, 1891, p. 143 ['Micropsis
veronensis BITTNER, 1883, p. 1; OD] [=Acrocir
cus LAMBERT, 1911, p. 7 (type, Micropsis biarritz
ensis COTTEAU, 1863)]. Large, hemispherical or
subspherical. No sutural pits or sculpture on test.
Primary interamb tubercles crenulate, imperforate,
in horizontal and vertical series. Apical system
dicyclic or monocyclic. Eoc., W.Eu.-N.Afr.-
FIG. 318,3a. ·T. veronensis (BITTNER), N.Italy;
amb plates, X? (136d).--FIG. 3I8,3b. T.
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FIG. 318. Temnopleuridae (p. V425-V426).

Zeuglopleurus

s/aclzei (BITTNER), N.Italy; amb plates, X? (14).
--FIG. 318,3c. T. fraasi (DE LORIOL), Egypt;
test, oral, XO.7 (121).--FIG. 318,3d. T. biar
ri/zensis (COTTEAU), S.Fr., apical system, X?
(27e) .

Zeuglopleurus GREGORY, 1889, p. 494 [*2. cos/ula
/IIS; 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,
periproct posterior, oculars I and V broadly insert.
V.ere/., W.Eu.--FIG. 318,2. *2. cos/ula/us;
Senon., Eng.; 2a-c, test, lat., aboral, oral, X3.7;
U, interamb plates, X 14.7 (70).

Family TOXOPNEUSTIDAE Troschel,
1872

[Toxopneustidae TROSCHEL, 1872, p. 38, emend. MORTENSEN,

1904, p. 135] [=Les Schizechiniens POMEL, 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
lollS, and tridentate types. ?Cret.-?Oligo.,
Mio.-Rec.
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FIG. 319. Temnopleuridae (2); Family Uncertain (1) (p. U425, U430-U431).

Toxopneustes A. AGASSIZ, 184 I, p. 7 [*Echinus
pileoltls 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; Rec., W.Pac.-IndoPac.--FIG. 320,
lao *T. pileoltls (LAMARCK), Rec., Japan; adoral
region, X3.3 (l36d).--FIG. 320,lb. T. "osetlS
(A. AGASSIZ), Rec., Panama; amb, X4 (136d).
[=Hemiechinw GIRARD (MS name) AGASSIZ,
1872, p. 167.]

Cyrtechinus MORTENSEN, 1942, p. 229 [*Psamm
echinus verruculatus LUTKEN, 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. Rec., trop. W.Pac.-IndoPac.

Goniopneustes DUNCAN, 1889, p. 113 [*Amblyp
neustes pentagonw A. AGASSIZ, 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 [*Echinw
robillardi DE LORIOL, 1883, p. 23; OD]. Small,
depressed, almost discoidal. Amb plates trigemi
nate, each carrying 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 insert
(anus displaced dextrally). Rec., W.Pac.-IndoPac.

Lytechinus A. AGASSIZ, 1863, p. 24 [*Echinus varie
gattls LAMARCK, 1816, p. 48; OD] [=Psilechinw
LUTKEN, 1864, p. 26 (obj.)]. Medium-sized 10

large, low hemispherical. Amb plates Irigeminate,
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., trap.
subtrop., Americas (E.coast-W.coast), Cape Verde
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FIG. 320. Toxopneustidae (p. U427-U429).

Ib

10
Toxopneustes

Scoliechinus

30
Schizechinus ()

50
Nudechinus

-:~-:-~
~ .,.~.. .

Is.--FIG. 32 1,2. L. eue1'ces H. L. CLARK, Rec.,
Gulf Mex.; amb, x5.3 (I36d).

Nudechinus CLARK, 1912, p. 276 [*N. scotiop1'em
nus; 00] [=Taxoplzyma LAMBERT, 1899, p. 36
(type, Psammecllinus lyonsi GREGORY, 1898, p.
15 I) ]. 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; Rec., W.Pac.-IndoPac.--FtG. 320,5. N.
lyonsi (GREGORY), Mio., Egypt; 5a, plates, X 10.7;
5b,c, test, adoral, lat., X2.7 (75).

Oligophyma PO~IEL, 1869, p. 43 [*0. O1'anense; SO
LAMBERT & THIERY, 19II, p. 248]. Small. Amb
plates trigeminate, pore pairs forming erect arcs;

single series of larger tubercles in each column.
Oculars I and V insert. M.Mio.(Helvet.-To1'ton.},
N.Afr.--FIG. 320,4. O. cel/ense POMEL, Helvet.,
Alg.; 4a, apical system, X?; 4b-d, test, aboral,
lat., oral, X I; 4e, amb and interamb plate, X?
(144) .

Pseudoboletia TROSCHEL, 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
[*Toxocida1'is dep1'essa A. AGASSIZ, 1863, p. 356;
00, M]. Large, low, oral side completely flattened.
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Tripneustes

Pseudocentrotus

2
Lytechinus 3b

FIG. 321. Toxopneustidae (p. U427-U429).

Amb plates polyporous (6 or 7 pore pairs to each
arc), pore zones narrow adorally, widening to
become almost petaloid at ambitus. Secondary
tubercles numerous, covering plates. Rec., S.Japan.
--FIG. 321,3. *P. depressus (AGASSIZ), Misaki
Bay; 3a, apical system, X4.7; 3b,c, amb aboral
and adoral regions, X 5.3 (13 6d).

Schizechinus POMEL, 1869, p. 42 [*Anapesus tuber
culatlls POMEL, 1887, p. 298; OD] [=Toxophyma
LAMBERT & THIERY, 1925, p. 280 (no type desig
nated) ]. Large, more or less high hemispherical.
Amb plates trigeminate, each with primary tuber
cle; secondary amb tubercles forming regular
series parallel to primary series. Apical system with
oculars I and V insert. Mio.-Plio., Eu.-N.Afr.-
FIG. 320,3a. S. duciei (WRIGHT), Mio., Malta;
test, oral, XO.7 (38).--FIG. 320,3b,c. S. tuber
clllatlls (POMEL), Mio., Alg.; 3b,c, test, lat., ab
oral, XO.8 (144).

Scoliechinus ARNOLD & CLARK, 1927, p. 23 [*S.
axiologus; OD, M]. Like Lytechinus, but with
test flattened below and pore arcs inverse, pores
of middle component being outermost. ?Cret.,

Jamaica.--FIG. 320,2. *S. axiologus; amb de
tail, X8 (136d).

Sphaerechinus DESOR, 1856, p. 134 [*Echinus
granularis LAMARCK, 1816, p. 44; OD, M]. Large,
hemispherical, not conspicuously flattened below.
Amb plates polyporous (4 to 6 pores in each
arc), primary tubercle on each amb plate; sec
ondary tubercles of same size as primaries, form
ing distinct horizontal series at ambitus. Plio.,
Italy; Rec., E.Atl.-Medit.

Tripneustes L. AGASSIZ, 1841, p. 8 [*Echinus ventrj·
COSllS LAMARCK, 1816, p. 44; OD] [=Hipponoe
GRAY, 1840 (nom. nt/d.); HeliechinttS GIRARD,
1850, p. 364 (type, H. gouldii, =T. t'entricoStls)
(obj.)]. 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. Mio., Eu.-Venez.-W.Pak.;
Plio., USA (Calif.) ; Pleist.-Rec., IndoPac.-Carib.
--FIG. 321,1. *T. ventricoStls (LAMARCK), Rec.,
Carib.; amb, X2.7 (136d).
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Family UNCERTAIN
Gagaria DUNCAN, 1889, p. 91 [*Micropsis venustuLa

DUNCAN & SLADE"I, 1884, p. 119; OD, M)
[=LeiopLetlrtls LAMBERT, 1902, p. 37 (type,

Psammechinus orbignyi COTTEAU, 1883»). Mod
erate-sized, low hemispherical. Angular pores and
pits lacking. No distinct sculpture on test. Tuber
cles crenulate, not indented, forming regular

4
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Grocilechinus
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series in both areas. Apical system with only
ocular I insert. ?Paleoc., N.Am.; Eoc., W.Pak.,
V.Oligo., N.Am.--FIG. 319,la-c. G. mossomi
COOKE, V.Oligo., VSA(Fla.); la-c, test, lat., ab
oral, oral, Xl (24).--FIG. 319,ld,e. *G.
venustula (DUNCAN & SLADEN), Eoc., W.Pak.(W.
Sind); ld, test detail, X 10; le, test, aboral, X2
(47).

Order ECHINOIDA Claus, 1876
[==Echinina MORTENSEN, 1942] [Materials for this order
prepared by H. B. FELL and D. L. PAWSON, Victoria
University of Wellington, N.Z.; transferred to Harvard Uni·

versity and Smithsonian Institution]

Lantern camarodont. Test not sculptured.
Gill slits shallow. Tubercles imperforate,
noncrenulate. Spines solid. ?U.Cret.
(Cenomam.), 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 been made is it
possible to determine the family, unless glo
biferous pedicellariae are preserved.

Family ECHINIDAE Gray, 1825
[restr. MORTENSEN, 1943] [==Triplechinidae A. AGASSIZ,

1872]

Globiferous pedicellariae with one or
more lateral teeth on each side of blade.
[See note with order Echinoida.] ?U.Cret.
(Cetloman.), Mio.-Rec.
Echinus LINNE, 1758, p. 663 [*E. esculenttlS; SD

FELL & 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 every alter
nate (or every 3rd) amb plate. Buccal membrane
containing scattered plates. Secondary radioles
only slightly shorter than primary radioles, not
very numerous or dense, very sparse in some forms;
ad radial zygopores not markedly separated from
others by vertical series of enlarged secondary
tubercles. Apical system dicyclic. Plio.-Rec., Eu.
Atl.-Medit.-IndoPac.--FIG. 322,2a,b. *E. escu
lenttlS, Rec., Eu.; 2a, amb plates, X3.4; 2b, apical
system, X3.8 (l36e).--FIG. 322,2c. E. lamarckii
FORBES, Plio., Eng., test, XO.7 (61).

Atactus POMEL, 1883, p. 79 [*Psammechinus fisch
eri COTTEAU, 1880; OD] [=Rotulechinus LAM
BERT & THIERY, 1914, p. 253 (obj.) (nom. van.
pro Atactus, supposedly preocc. by Atacta SHINER,
1868)]. Like Echinus, but test low, flattened
above, primary tubercle on every amb plate, pore
arcs apparently almost horizontal, with interporif
erous areas covered by small granules. Radioles
unknown. Plio., Rhodes.--FIG. 322,7. *A.
fischeri (COTTEAU); 7a, test, XO.8; 7b, detail of
test, X7.7 (26).

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

Gracilechinus FELL & PAWSON, 1965, herein [*Echi
ntiS gracilis A. AGASSIZ, 1869, p. 261; OD]. Like
Echinus but with primary tubercle on every amb
plate; peristome larger than apical system; sec
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.; Rec., Atl.-Medit.-IndoPac.--FIG. 322,la.
G. acutus (LAMARCK), Rec., N.Atl.; valve of
globiferous pedicellaria, X77 (136e).--FIG. 322,
lb. *G. gracilis (A. AGASSIZ), Rec., N.Am.(E.
coast); amb plates, X4.6 (136e).

Hypechinus DESOR, 1856, p. 130 [*Ecllinus pata
gonensis D'ORBIGNY, 1842; OD]. Small (to 30
mm. diam.), similar to Gracilechinus but primary
ambulacral tubercles reduced in size above ambi
tus and secondary granulation dense in some forms
(resembling SterechinllS). Mio.-Plio., Patagonia.
--FIG. 322,6. *H. patagonensis (O'ORBIGNY),
Plio.; 6a, test, lat., XO.8; 6b, detail of test, X 1.9
( 44).

Isechinus LAMBERT, 1903, p. 476 [*Toxopneustes
praecursor ORTMANN, 1904, p. 53; SD LAMBERT
& THIERY, 1914, p. 241]. Medium-sized (to 40
mm. diam.), subhemispherical, flattened 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; radioles short.
Mio., Patagonia.--FIG. 323,2. */. praecursor
(ORTMANN); 2a,b, test, lat., adoral, X I (125);
2c, amb plates, X8 (136e).

Loxechinus DESOR, 1856, p. 136 [*EchinllS albus
MOLINA, 1782, p. 200, 348; OD]. Widest at cir
cular ambitus; amb plates polyporous, 7- to 10
geminate; radioles short; apical systerr" dicyclic.
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FIG. 323. Echinidae (1-2); Family Uncertain (3-4) (p. U431, U433, U436).
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Test green or whitish [Littoral.). Rec., Chile
S.Peru.--FIG. 322,4. •L. albus (MOLINA), Chile;
amb plate, X4.6 (136e).

Paracentrotus MORTENSEN, 1903, p. 124, 135
[·Echinus lividus LAMARCK, 1816, p. 50; aD).
Widest at circular ambitus; amb plates polyporous,
5-geminate; apical system regularly dicyclic, rare
ly with ocular I and V insert; radioles robust, as
long as semdiiameter of test. ?Mio., Fr.; ?Plio.,
Eng.; Rec., Medit.-N.Atl.--FIG. 322,5. ·P. lit'i
dus (LAMARCK), Rec., E.Atl.; amb plate, X4.6
(136e).

Parechinus MORTENSEN, 1903, p. 108, 134 [·Cidaris
angulosa LESKE, 1778, p. 94; SD H. L. CLARK,
1912, p. 272) [=Protocentrotus DODERLEIN, 1906,
p. 204 (obj.»). Like Gracilechinus but valves of
globiferous pedicellariae triangular, with blade
not sharply differentiated from base. [Fossils lack
ing pedicellariae cannot be distinguished from
Gracilechinus.J Rec., S.Afr. (Mozambique-Cape
Angola).

Polyechinus MORTENSEN, 1942, p. 231 [·Para
centrotus agulhensis DODERLEIN, 1905, p. 623;
aD). Like Paracentratus but amb plates 4-gemi
nate and test hemispherical, large (to 80 mm.
diam.); radioles shorter than semidiameter of test.
Rec., S.Afr.

Psammechinus L. AGASSIZ & DESOR, 1846, p. 368
[·Echintls miliaris P. L. S. MULLER, 1771, p. 108;
SD LAMBERT & THIERY, 1910, p. 239) [non
Psammechinus MORTENSEN, 1903, p. 136, =Lyt
echinus A. AGASSIZ). Widest at circular ambitus;
amb plates trigeminate, with primary tubercle
on each; buccal membrane densely plated, with
contiguous or even imbricated plates; secondary
radioles numerous, smooth; apical system dicyclic.
?Cret.; ?Mio. (numerous species recorded but
without evidence of buccal plates); Plio., Eu.;
Pleist.-Rec., N.AtI.-Medit.

Sterechinus KOEHLER, 1901, p. 8 [·S. antarcticus;
aD). Like Echinlls but secondary spines very
numerous and dense, with thorny shafts; adoral
radioles flattened, primary radioles relatively dis
tinct, larger and more conspicuous than the
matted secondaries which surround them; apical
system with oculars I and V insert, or monocyclic.
Test and spines bright red in life, but bleaching
to olive or white in spirits. Rec., Antarctic.--FIG.
322,3. ·S. antarctictls; apical system, X4.6 (136d).

Stirechinus DESOR, 1856, p. 131 [·S. scillae; aD]
[=Styrechintls DESOR, 1856, p. 131 (nom. null.)]
[non Sterechinus KOEHLER, 1901, p. 8]. Like
Gracilec!lintls but primary tubercles of ambs and
interambs linked by vertical ridges forming con
spicuous meridional keels on each column. Mio.
Plio., Fr.-Italy (Sicily)-Malta; Rec., S.AtI.-W.Atl.
--FIG. 323,1. ·S. scillae, Plio., Sicily; la,b, test,
aboral, lat., XO.8; lc, amb, x1.6 (44).

Family ECHINOMETRIDAE Gray, 1825
[nom. corr~ct. BELL, 1881 (pro Echinometradae GRAY, 1855)]

Blade of globiferous pedicellariae with un
paired lateral tooth. [See note with order
Echinoida.] Paleoc.-Rec.
Echinometra GRAY, 1825, p. 426 [·Echinus lucunter

LINNE, 1758, p. 665; aD) [=Ellipsechinus LUT
KEN, 1864, p. 165 (type, E. macrostomus,
=Echinometra vanbrunti A. AGASSIZ, 1863, p.
21); Pldgiechinus POMEL, 1883, p. 78 (type,
Echinometra prisca COTTEAU, 1875, p. 12); Mor
tensenia DODERLEIN, 1906, p. 233 (type, Echinus
oblonga DE BLAINVILLE, 1825, p. 95)]. Ambitus
oblong or elliptical, longer transverse axis passing
through ocular I and genital 3; amb plates poly
porous, 4- to 10-geminate, exceptionally (in E.
prisca) trigeminate; spines equal to or shorter
than test diameter, acuminate but not otherwise
modified. Paleoc., India; Oligo., Cuba; Mio., Fr.;
Plio., Calif.-Fiji; Pleist.-Rec., trop. Atl.-IndoPac.
--FIG. 324,6. ·E. ltlcunter (LINNE), Rec.,
Carib.; amb plate, X5 (l36e). [=?Ellipsocidaris
POMEL, 1869 (nom. nud.).]

Anthocidaris LUTKEN, 1864, p. 164 [·Toxocidaris
erassispina A. AGASSIZ, 1863, p. 356; aD). Widest
at circular ambitus; amb plates polyporous, 7- to
9-geminate, amb at peristome wider than inter-,
amb; radioles elongate (some as long as horiz.
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 I and V insert. Dark purple epi
dermis. Rec., Japan-China.--FIG. 324,5. ·A.
crassispina (A. AGASSIZ), Japan; amb plates, X5
(136e).

Caenocentrotus H. L. CLARK, 1912, p. 348 [·Echi
nus gibbosus L. AGASSIZ & DESOR, 1840, p. 367;
aD]. Widest at circular ambitus; amb plates poly
porous, 4- to 5-geminate; anus displaced to left,
hence oculars IV and V insert; spines shorter than
semidiameter of test. Rec., Galapagos-Peru-Chile.
[Almost all tests deformed aborally by the para
sitic crab Fabia chilensis, which inhabits the
rectum.).

Colobocentrotus BRANDT, 1835, p. 65 [·C. mertensii;
aD). Ambitus oblong or elliptical, longer trans
verse axis passing through ocular II and genital 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
tms GRAY, 1840, p. 52 (nom. van.).]

Echinostrephus A. AGASSIZ, 1863, p. 20 [·E. acicu
lattls; aD) [=Perinattls A. AGASSIZ, 1872, p. 119
(nom. nud.); Raphidechintls LAMBERT & THIERY,
1914, p. 241 (type, Echinus molaris DE BLAIN-
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VILLE, 1815, p. 88)]. Widest above circular ambi
tus; aboral spines very long and slender; amb
plates 3- to 4-geminate; apical system dicyclic.
[Blackish reef-dwelling forms.]. Rec., trop. Indo-

Pac.--FIG. 324,4. E. rno/aris (DE BLAINVILLE),
Indon.; amb plates, X6.7 (136e).

Evechinus VERRILL, 1871, p. 583 [·Echinus chloro
tiC/IS VALENCIENNES, 1846, pI. 7; OD]. Widest

Anthocidoris

Evechinus

lOb

7c

10c
Diplosolenio

@@
@@

@
@

Heterocentrotus

@

100

Strongylocentrotus

2
Selenechinus 3,

,~ ~4 ~
Hel ioc idoris Echinostrephus 70

FIG. 324. Echinometridae (1-7); StrongylocenIrotidae (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 secondary
tubercles, zygopores tending to form 3 vertical
series in each area. [Littoral, green forms re
stricted to New Zealand.] Pleist.-Rec., N.Z.
Kermadec Is.--FIG. 324,3. *E. chloroticus
(VALENCIENNES), Rec., N.Z.; amb plates, X5
(136e).

Helioeidaris L. AGASSIZ & DESOR, 1846, p. 371
[*Echinus tuberculatus LAMARCK, 1816, p. 50;
OD] [=Toxocidaris A. AGASSIZ, 1863, p. 22
(type, Toxopneustes delalandi L. AGASSIZ & DESOR,
1846, p. 367, =Echinus erythrogrammus VALEN
CIENNES, 1846, pI. 7] [non Heliocidaris POMEL,
1883 (MORTENSEN, 1903; LAMBERT & THIERY,
1914) (=Evechinus.)]. Widest at circular ambitus;
amb plates polyporous, 7- to lO-geminate; spines
long and robust (in length reaching half horiz.
diam. of test), brownish, ambital spines flattened
distally; oculars I and V usually insert. [Littoral
reef-dwelling forms.] Rec., Australia-N.Z.-
FIG. 324,1. H. erythrogramma (VALENCIENNES),
E.Australia; valve of globiferous pedicellaria, X 83
(l36e).

Heterocentrotus BRANDT, 1835, p. 65 [*Echinus
mammillatus LINNE, 1758, p. 664; SD POMEL,
1883, p. 77] [=Acrocladia L. AGASSIZ & DESOR,
1846, p. 373 (type, Echinus trigonaritlS LAMARCK,
1816, p. 51; SD POMEL, 1883, p. 77)]. Ambitus
elliptical, longer transverse axis passing through
ocular II and genital 4; apical system normally
dicyclic; amb plates polyporous, 9- to 16-geminate,
zygopores of some species arranged in double
arcs; primary spines very thick and massive, sub
cylindrical or prismatic, carried on greatly en
larged primary tubercles; no marginal fringe of
ambital spines, aboral spines not modified as
scales or plates. ?Mio., Madag.; Plio.-Pleist., Suez
Indonesia; Rec., IndoPac.-W.Pac.--FIG. 324,
7a,b. *H. mammillatus (LINNE), Rec., W.Pac.;
7a, aboral amb plate, X8.3; 7b, ambital amb plate,
X3.3 (136e).--FIG. 324,7c. H. trigonarius
(LAMARCK), Rec., W.Pac.; amb plate showing
double pore arcs, X4.2 (136e). [=Holocentrono
tus GRAY, 1855, p. 37 (nom. van.).]

Pachycentrotus H. L. CLARK, 1912, p. 349 [*Sphaer
echinus australiae A. AGASSIZ, 1872, p. 55; OD]
[=Cryptopora A. AGASSIZ, 1872, p. 55 (obj.);
Pachechinus A. AGASSIZ, 1872, p. 159 (obj.)].
Widest at circular ambitus; amb plates mostly
polyporous (4-geminate), but several adoral plates
and few others trigeminate; oculars I and V in
sert and in some forms II and IV also; radioles
very short, length scarcely reaching 4th of horiz.
diam. [Littoral to 70 m.] Rec., S.Australia.

Podophora L. AGASSIZ, 1840, p. 19 [*Echinus atra
tus LINNE, 1758, p. 665; OD]. Like Colobocentro-

tus but aboral spines converted into flat polygonal
plates arranged in basaltiform mosaic. [Intertidal
reefs.] Rec., trop. IndoPac.-W.Pac.

Se1enechinus DE MElJERE in DELAGE & HEROUARD,
1903, p. 246 [*Echinus armatus DE MEIJERE,
1902, p. 5; OD]. Widest at circular ambitus; amb
plates trigeminate, with primary tubercle on every
2nd or 3rd plate except adorally; buccal mem
brane containing scattered plates; secondary spines
only slightly shorter than primary spines; adradial
zygopores not separated 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. Rec., ?Philippine Is.
--FIG. 324,2. *S. armatus (DE MEIJERE); amb
plates, X5 (l36e).

Zenocentrotus A. H. CLARK, 1931, p. 5 [*2. kel
lersi; OD]. Like Hetrocentrotus but primary
radioles not much enlarged, with marginal fringe
of conspicuous subambital radioles, rather longer
than olhers; apical system with oculars I and V
insert or dicyclic. Rec., S.Polynesia.

Family STRONGYLOCENTROTIDAE
Gregory, 1900

[emend. MORTENSEN, 1943]

Test circular at ambitus. Blade of globi
ferous pedicellariae without lateral teeth.
[See note with order Echinoida.] Mio-Rec.
Strongylocentrotus BRANDT, 1835, p. 63 [*S. chloro-

centrotus (=Echinus droebachiensis O. F. Mi.iL
LER, 1776, p. 235); OD] [=Euryechinus VERRILL,
1866, p. 341 (obj.)]. Widest at circular ambitus;
amb plates polyporous, 5- to 10-geminate, amb at
peristome wider than interamb; length of spines
not exceeding semidiameter of test. Mia., USA
(Ore.); Plio., USA (Calif.) ; Rec., mainly N.Pac. (l
N.Atl. species believed to be late migrant from
N.Pac. by way of Arctic). [Records from European
Mio.-Plio. probably misidentifications of Para
centrotus.] -- FIG. 324,8. *S. droebachiensis
(0. F. MULLER), Rec., Arctic circumpolar; 8a,
valve of globiferous pedicellaria, X 62; 8b, amb
plate, X6.7 (136e).

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

Hemicentrotus MORTENSEN, 1942, p. 231 [*Sphaer
echinus pulcherrimus A. AGASSIZ, 1863, p. 357;
OD]. Like Strongylocentrotus but amb plates 4
geminate, zygopores arranged in 4 vertical series.
[LittoraL]. Rec., Japan-N.China.--FIG. 324,9.
*H. pulcherrimus (A. AGASSIZ), Japan; amb plate,
X7.5 (136e). [=?Discaster AGASSIZ, 1872, p.
178.]
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[nom. trans/. et correel. MORTENSEN, 1943 (ex Parasaleninae
MORTENSEN, 1903]

Family PARASALENIIDAE Mortensen,
1903

Tioreehinus

Test elliptical at ambitus. Blade of globif
erous pedicellariae without lateral teeth.
[See note with order Echinoida.] Eoc.-Rec.
Parasalenia A. AGASSIZ, 1863, p. 22 [*P. g1'atiosa;

OD] [=Cladosalenia A. AGASSIZ, 1872, p. 148
(obj.) ]. Ambitus elliptical, longer transverse axis
passing approximately through ocular III 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 COTTEAU, 1894, p. 633; 00]. Like Pa1'a
salenia but with double series of primary tubercles
in each interamb column. Eoc" Eu,--FIG. 324,
10. *D. gosseleti (COTTEAU), Fr.; lOa, interamb
plates of holotype, x3.3 (l36e); lOb, amb, X3.3;
10c,d, test, lat., aboral, XO.8 (27e).

Family UNCERTAIN
Spaniocyphus POMEL, 1883, p. 81 [*Echinus jallax
L. AGASSIZ; 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,--FIG. 323,3, *S.
jallax (L. AGASSIZ), L.Cret. (Valangin.), Switz.;
3a,b, amb, interamb, X3.2; 3c-e, amb, interamb,
apical system, X9.6 (27a).

Trochoechinus DE LORIOL, 1909, p. 234 [*Psamm
echinus zumoOeni DE LORIOL, 1902; 00]. 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,--FIG. 323,4a-e. ·T. ztlmoOeni (DE
LORIOL), Syria; 4a,b, amb, interamb, X2 (125);
4c-e, test, aboral, oral, lat., Xl (l26).--FIG.
323,4f. ?T. tortonicus (GREGORY), Mio., Malta;
apical system, X 2 (72).

Order PLESIOCIDAROIDA
Duncan, 1889

[Plesiocidaroida DUNCAN, 1889, p. 19] [=Blastocchinides
MUNIER·CHhLMAS, 1895] [Materials for this order prepared

by H. B. FELL, except diagnosis by J. W. DURHAM]

Test rigid, peristome large; gill slits ab
sent or distinct; tubercles small, noneren
ulate; primordial interambulacral plates
persistent, followed by three plates; apical
system very large. [This small group seems
to be ancestral to the Arbacioida and thus is

/
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FIG, 325, Tiarechinidae (p. U437).
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referred to the Echinacea, even though the
lantern is unknown.] U.Trias.(Carn.).

Family TIARECHINIDAE Gregory,
1896

[Tiarechinidae GREGORY, 1896, p. 1003]

Lantern unknown, probably stirodont. Pri
mary tubercles imperforate, noncrenulate.
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, occupying most of aboral surface, di
cyclic, oculars strongly exsert. Periproct
small, pentagonal in outline, probably cov
ered by 5 valvular plates, as in Arbacioida.
Peristome large, without gill slits. U.Trias.
Tiarechinus NEUMAYR, 1881, p. 169 [*T. princeps;

OD, M] [=Haueria LAUBE, unpub. MS (nom.
nud.) (non O'ORBIGNY, 1846)]. Very small (test 5
mm. diam.). Oral side flat, upper side high, arched.
Amb plates simple, each with distinct tubercle,
pore pairs uniseriaI. Primary tubercles confined
to oral side. Ambulacra continuing halfway up
sides of test. V.Trias., Eu.--FIG. 325,1. *T.
princeps; Cam., N.Austria; 1a-d, test, aboral (2
specimens), oral, lat., X 4; Ie, detail of adoral
part of amb, X7 (128).

Lysechinus GREGORY, 1896, p. 1000 [*L. incon
gruens; OD, M]. Like Tiarechinus but less spe
cialized, with no distinct primary tubercles, but
small granules, not confined to oral side, but
found scattered also adapically. Ambulacra almost
wholly confined to oral side. V.Trias., Eu.--FIG.
325,2. *L. incongruens, Cam., N.Austria; 2a,b,
test, aboral; X4.7; 2c,d, test, oral, X4.7; 2e,
test, lat., X4.7 (73).

Superorder UNCERTAIN
(ECHINACEA or

DIADEMATACEA)

Order ORTHOPSIDA Mortensen,
1942

[nom. transl. FELL & PAWSON, herein (ex suborder
Orthopsina MORTENSEN, 1942, p. 225)]

Lantern camarodont (known only in Or
thopsis). Ambulacra simple, without com
pounded plates, at most with only incipient
triads; zygopores arranged in straight me
ridians. Tubercles perforate, noncrenulate.
Apical system dicyclic, exceptionally with

posterior oculars insert. Spines unknown.
L.Jur.-U.Cret.

The characters 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 camarodont orders, on the other
hand, evidently derive from a stirodont an
cestry. Until fuller information is available
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
[nom. transl. GREGORY, 1900, p. 308 (ex Orthopsinae DUNCAN,

1889, p. 59)]

Characters of order. Test small or large,
regularly hemispherical or globular (appar
ent ovoid form of Gymnodiadema probably
a post-mortem distortion). L.Jur.-U.Cret.
Orthopsis COTTEAU, 1864, p. 550, 563 [*Cidarites

miliaris O'ARCHIAC, 1835; OD] [=Stephanopsis
LAMBERT, 1900, p. 29 (type, O. similis STOLlCZKA,
1873, p. 46) (non CAMBRIDGE, 1869, nec BEOOT,
1896); Stephomma STECHOW, 1921, p. 263 (pro
Steplzanopsis LAMBERT, 1900); Arialopsis LAMBERT
& THIERY, 1925, p. 566 (obj.) (syn. of Steph
omma); ?MiortllOpsis POMEL, 1883, p. 100 (type,
O. flouesti COTTEAU, 1867)]. Moderate in size,
usually flattened above and below. Amb plates
imperfectly trigeminate, primary plates remain
ing distinct, with tubercles in regular series; pore
zones straight, uniserial. Primary interamb tuber
cles perforate, noncrenulate; secondary tubercles
well developed, but not as large as primaries and
not continuing throughout. Apical system dicyclic.
Lantern camarodont. M.Jur.( Bathon.)-V .Cret.
(Senon.), Eu.-Asia-Afr.-N.Am.--FIG. 326,1a-e.
*0. miliaris (O'ARCHIAC), Senon., Fr.; 1a,b, test,
aboral, oral, XO.87 (27a); 1c, apical system, X2.7
(27a); 1d,e, amb, interamb, X2.7 (27a).--FIG.
326,1/. O. flouesti COTTEAU, Cenoman., Fr.; test,
lat., XO.8 (31).--FIG. 326,lg. O. globosa COT
TEAU & GAUTHIER, Senon., Iran; amb detail, ap
prox. X5.3 (34).--FIG. 326,1/2. O. mppelli
(DESOR), Cenoman., Egypt; test, aboral, XO.8
(l21).--FIG. 326,1i. O. casanovai COOKE,
Senon., USA (Tex.); test, lat., Xl (23).

Brochechinus LAMBERT & THIERY, 1908, p. 21 [*B.
elisae; OD, M]. Small, hemispherical. Pores 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
nected by ridges, forming network. Apical system
dicyclic. V.lllr., Eu.--FIG. 326,2. *B. e/isae,
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FIG. 326. Orthopsidae (p. V437-V438).

Oxford .. Fr.; 2a,b, amb, interamb, X5.3; 2e,d,
test, aboral, lat., X 1.2; 2e, apical system, X5.3
(115); 2/, amb, detail, X 10 (136d).

Dubarechinus LAMBERT, 1937, p. 62 [*D. despujol
si; 00]. Small to medium-sized, subglobular.
Amb plates bigeminate adorally. merely primaries
adapically. Interamb plates with very small pri
mary tubercles. Amb plates granuliferous, L.luy.
(Domer.), Morocco.

Gymnodiadema DE LORIOL, 1884, p. 606 [*G.
c!1Of}ali; 00, M]. Like Dubarecllinus, but with
amb plates all primaries, with some perforate
tubercles near peristome; interamb plates also with
distinct perforate tubercles near peristome. M.lur.
(Bathan.-Callal'.), Eu.--FIG. 327,1. *G. c!laf}ati,
Port.; la,b, test, lat., aboral, XO.7 (124); Ie,
amb plates, X 4 (125); 1d, detail of test, X 2
(124); Ie, adoral part of interamb, X2 (125).

Orthocidaris COTTEW, 1862, p. 182 [*Hemieidaris
itiermis A. GRAS, 1848; 00, M]. Moderate in
size to large, subspherical. Amb plates simple
primaries with many small tubercles; pore pairs in
single series throughout, except near peristome;
interambs each with single series of perforate,
noncrenulate tubercles in each column. L.Cret.,
Eu.--FIG. 328,2. *0. inermls (A. GRAS),
Valangin., Fr.; 2a-e, test, aboral, oral, lat., XO.7
(27a); ld, test, lat. (large specimen), XO.7 (31);
2e, amb, X2 (27a); 2/,g, amb plates, adoral, ab
oral, X4 (31).

Scaptodiadema DE LORIOL, 1891, p. 4 [*5. matheyi;
00, M]. Like Brac!leehinllS but with spaces be
tween primary tubercles covered by small im
perforate irregular tubercles. V·lur., Eu.--FIG.
328,1. *5. matheyi, Oxford., Switz.; la,b, amb,
interamb, X3.3; lc-e, test aboral, oral, lat.,
X 1.2; 1/, apical system, X4 (126).
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DOUBTFUL GENERA OF REGULAR
ECHINOIDS

Besairecidaris LAMBERT, 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»)/ur., Madag.

Bramus DE GREGORIO, 1930, p. 29 [*B. simplex;
OD). Minute spines (possibly of a miocidarid).
Perm., Sicily.

Crinocidaris DE GREGORIO, 1930, p. 29 [*C. zmiCtls;
00).

Dallonia LAMBERT in DALLONI, 1920, p. 154 [*D.
squamosa; 00]. Algeria. [Supposed diademata
cean, but probably consisting of fragments of some
spatangoid.)

Echinopluteus MORTENSEN, 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 LAMBERT, 1937, p. 45 [*Sphaerotiaris
precincta LAMBERT, 1933; OD). Supposed cidaroid
near Besairecidaris considered by MORTENSEN
(1951, p. 558) as probably a hemicidarid, but in
determinate.

2d
Orthopsidae (p. U438).

© 2009 University of Kansas Paleontological Institute



U440 Eehinodermata-Eehinozoa-Eehinoidea

Ga;echinus LAMBERT & THIERY, 1914, p. 242
[*Echinus subcrenatus DUNCAN & SLADEN, 1885,
p. 317; OD]. Considered by MORTENSEN (Mon.,
v. 3 (2), p. 392, 1943) as nom. delend.

Ombria QUENSTEDT, 1873, p. 298.
Pleurechinus L. AGASSIZ, 1841, p. 7 [*Cidaris

bothryoides KLEIN, 1754, Tab. VI, H (prelinnean);
SD LAMBERT, 1907, p. 15] [non Pleurechinus A.
AGASSIZ, 1872, p. 152 =Temnotrema A. AGASSIZ].
Based on internal cast of unidentifiable echinoid,
holotype . now lost, figure unrecognizable. De
clared by MORTENSEN (Mon., v. 3 (2), p. 370,
1943) a genus delendum.

Pleurocidaris POMEL, 1883, p. 111 [?type]. Genus
based on fragmentary fossils probably referable
to Phyllacanthus, Prionocidaris, and other genera,
diagnostic character being not of generic value.
[See Mortensen, Mon., v. 1, 1928, p. 489.]

Protocidaris DE GREGORIO, 1930, p. 20 [*P. ben
contestus; OD]. Minute spines (possibly of some
miocidarid). Perm., Sicily.

Radiolus (auctt.). Name used in binomial manner
for unidentifiable fossil spines, comparable with
Otolithus. Permissible under Article 17 (4) of

Code, by way of establishing formal nomenclature
for fragments of uncertain systematic positi.on.

Rhabdechinus LAMBERT, 1910, p. 5 [*Cidaris belone
D'ORBIGNY]. Discussed by MORTENSEN (Mon., v.
3 (1), p. 365, 1930), who concludes that the
genus is possibly based on cidarid spines, which
are indeterminate, plus a fragment of test of what
may be Phymotaxis.

Vernius DE GREGORIO, 1930, p. 18 [*V. elaboratus;
OD]. Minute spines (possibly of some miocidarid).
Perm., Sicily.

Superorder GNATHOSTOMATA
Zittel, 1879

[Diagnosis by J. 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 keeled; apical sys
tem and peristome usually approximately
opposite. Jur.-Rec.

HOLECTYPOIDS

By CAROL D. WAGNER and J. WYATT DURHAM
[University of California (Berkeley)]

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 varies from well above the
ambitus (e.g., Anorthopygus) to immedi
ately adjacent to the peristome (e.g., Echi
noneus). Variation of most morphological
characters of systematic importance is so
extreme as to render overall relationships
obscure and classification tenuous. In the
Cretaceous 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 morphological change are observable
within the order, distinct levels of evolution
are not easily recognized.

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

all trend from simple primaries throughout
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 arcs of three. However, in all
genera, including those in which the triad
grouping extends to the adapical terminus
of the ambulacrum, the earliest plates ad
jacent to the peristome are usually relatively
high primaries. In some later genera, dis
tinct petaloid tendencies 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
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Discholectypus

FIG. 329. Holectypidae (p. U444).
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lications of the group. In genera with ord
erly ornament one large primary tubercle is
situated slightly adradial and adoral to the
center of each interambulacral plate, form
ing distinct meridional rows over the
corona. Tubercles of essentially the same
size occur in transverse or diagonal rOW9
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, equal-sized, 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 earlike auricles are connected by
ridges. In geologically younger groups the
girdle is 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
center of the interambulacral column and
continuing some distance above the ambi-

tus. Conulus showSI no trace of internal sup
ports and none are found in the geologically
younger groups.
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FIG. 330. Anorthopygidae (1); Discodeidae (2-5) (p. U444-U445).
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A general trend is observable in the pro
gressive changes of the apical system. The
Holectypidae and Discoididae have five
genital plates; genital plate 5 may be per
forate or not. Conulus, the Galeritidae, and
most 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 vaulted 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 pedicellariae are not well
known. Primary spines of Holectypus de
pressus are relatively short aborally, longer
orally, with blunt tip, slender striated shaft,
prominent, commonly oblique milled ring
and long, tapering base. They have a hol
low axis and no cuticle. Short hairlike
miliaries are also present. Tridentate and
globiferous pedicellariae 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, triphyllous, and ophicephalous
pedicellariae are present.

Studies on the crystallographic c-axis
orientation of the calcite plates (RAUP,
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 albogalerus c-axis ori
entation varies ontogenetically; in Camero
galerus cylindrica 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
Ion 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, calcareous
sediments. Faunas including holectypoids
commonly exhibit great diversity and con-

tain elements of known warm-water affinity.
At present, Echinoneus is tropicopolitan;
Micropetalon is known only from the
Hawaiian 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 throughout 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 HERBERT L. HAWKINS which appeared
intermittently in the Geological Magazine
from 1909 to 1921. Of particular signifi
cance among those are HAWKINS (1911,
1918).

Order HOLECTYPOIDA Duncan,
1889

[Holectypoida DUNCAN, 1889, p. 135]

Test hemispherical to globular or ovoid;
ambulacra petaloid or not, narrower than
interambulacra throughout; 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.lur.(Pliensbach. )-Rec.

Suborder HOLECTYPINA Duncan,
1889

[nom. transl. WAGNER & DURHAM, herein (ex Holectypoida
DUNCAN, 1899, p. 135) J

Ambulacra nonpetaloid; auricles radial;
gill slits distinct; interambulacral ornament
orderly; 5 genital plates except in Anortho
pygidae. L. lur. (Pliensbach.) . U. Cret.
(Senon.).

Family HOLECTYPIDAE Lambert, 1899
[nom. tranJl. LAMBERT & THIERY, 1914 (ex Holectypinae

LAMBERT, 1899, table opp. p. SOl]

Genital plate 5 present; peristome and
periproct regular in outline. L.lur.(Pliens
bach.)-U.Cret.(Senon.).
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Holectypus DESOR, 1842, p. 65 [*Discoidea depressa
AGASSIZ, 1839, p. 88 (*=Echinites depressus
LESKE, 1778, p. 164); OD] [=Temnodiscus LAM
BERT & THIERY, 1911, p. 280 (non KOKEN, 1896);
Temnholectypus LAMBERT & THIERY, 1925, p. 576
(type, Holectypus circularis COTTEAU & GAUTHIER,
1895, p. 75)]. 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.)-U. Cret.
(Senon.), Eu.-N.Am.--FIG. 329,la-c. *H. de
presStts (LESKE), M.Jur.(Bajoc.), Eng.; 1a,b,
aboral, oral, XO.7 (172); 1c, apical system, en
larged (196a).--FIG. 329,ld. H. hemisphaeri
C1/S (LAMARCK), M.Jur.(Bajoc.), Eng.; adoral de
tail of ambulacrum, enlarged (81).

Coenholectypus POMEL, 1883, p. 75 [*Holectypus
macropygus DESOR, 1842, p. 173; SD HAWKINS,
1912, p. 450] [=Caenholectypus POMEL, 1883, p.
125 (nom. null.)]. Similar to Holectypus but
genitalS perforate. Cret., Eu.-N.Am.-S.Am.

Coptodiscus COTTEAU & GAUTHIER, 1895, p. 108
[*C. nomiae; OD]. Similar to CoenilOiectypus ex
cept for deep pits on plates and in sutures on oral
side. U. Cret. (Cenoman. - Senon.), Iran - Arabia
Spain.--FIG. 329,2. *C. nomiae, Senon., Iran;
2a, part of oral surface; 2b, part of aboral sur
face, XO.7 (210).

Discholectypus POMEL, 1883, p. 75 [*Holectypus
meslei GAUTHIER, 1876, p. 84; OD]. Subhemi
spherical; ambulacral plates in groups of 3
throughout; lantern and girdle unknown; primary
interambulacral tubercles large, in distinct vertical
rows. L.Cret., Alg.-S.Fr.--FIG. 329,3. *D. meslei
(GAUTHIER), Alb., Alg.; aboral, Xl (35).

Metholectypus HAWKINS, 1923, p. 201 [*M. trech
manni; OD]. Small, subglobular; ambulaera of
simple primaries throughout; apical system minute,
genital plate 5 imperforate; periproct inframar
ginal, close to peristome; 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. Gret.(Alb.-Genoman.}.
Anorthopygus COTTEAU, 1869, p. 648 [*Nucleolites

orbicularis GRATELOUP, 1836, p. 180; OD]
[=Psetldopileus DE LORIOL, 1901, p. 29 (type,
AnortilOpygtls ztlmoOeni DE LORIOL, 1901, p. 30;
OD]. Ambulacra of simple primaries throughout
or with reduced plates orally; periproct large,
marginal or supramarginal, oblique, subrounded
or pyriform; pore pairs uniserial. Cret.( Alb.
Cenoman.), Eu.-N.Am.--FIG. 330,1. *A. orbi
ctllaris (GRATELOUP), Cenoman., Fr.; 1a-c, post.,

aboral, oral, Xl; 1d, apical system, enlarged
(27a).

Family DISCOIDIDAE Lambert, 1899
[nom. correct. WAGNER & DURHAM, herein (pro Discoidesidae
SMISER, 1935, p. 35, nom. trans!' ex Discoidinae LAMBERT,

1899, table opp. p. 50) J

Oral side flat; 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
framarginal; gill slits distinct. Gret.
Discoides PARKINSON, 1811, p. 20 [*Echinites subi/-

culus LESKE, 1778, p. 171; OD] [=Discodea
GRAY, 1825, p. 429 (obj.); Discoidea AGASSIZ,
1835, p. 137 (nom. van.); Protocyamus GREGORY
in LANKESTER, 1900, p. 316 (obj.)]. Aboral side
conical to subconical; ambulacra with reduced
plates from peristome to ambitus; genital plate 5
imperforate, madreporite may extend to all genital
plates. Cret. (Apt.-Turon.) , Eu.-N. Am.--FIG.
330,3. *D. subucula (LESKE), Cenoman., Eng.
(3a,b,f); Fr.(3c-e); 3a,b, aboral, oral, X I (173);
3c,d, into mold, aboral and oral views, Xl (27a);
3e, apical system, enlarged (27a); 3/, ambo plates,
enlarged (81).

Camerogalerus QUENSTEDT, 1873, p. 411 [*Galerites
cylindricus LAMARCK, 1816, p. 23; OD] [=Pitho
dia POMEL, 1883, p. 75 (obj.); Pseudodiscoides
LAMBERT & THIERY, 1914, p. 282 (obj.)]. Me
dium-sized to large, aborally highly inflated;
ambulacral plates numerous, reduced plates irregu
larly above ambitus, demiplates much reduced
below ambitus; apical system small, genital plate
5 imperforate. U.Cret.(Cenoman.), Eu.--FIG.
330,5. *C. cylindrica (LAMARCK), Eng.; 5a-c, lat.,
oral, into mold oral view, XO.7 (173); 5d, peri
gnathic girdle, enlarged (196b); 5e, part of
ambulacrum, enlarged (81).

Dixonia WAGNER & DURHAM, 1964, p. 170 [*Dis
coidea dixoni FORBES in DIXON, 1850, p. 34f].
Test small; aboral side conical to subconical;
ambulaera with reduced plates from peristome to
above ambitus; genital plate 5 perforate. Cret.
(Apt.-Turon.), Eu.--FIG. 330,2. *D. dixoni
(FORBES), Turon., Eng.; 2a, lat., Xl; 2b, apical
system, enlarged (173).

Lanieria DUNCAN, 1889, p. 158 [*Echinoconus
lanieri COTTEAU, 1881, p. 11; OD]. Small, globu
lar to subglobular; ambulacral plates in groups of
3 except close to oculars; 5 perforate genital plates;
peristome small, gill slits present; primary tubercles
in horizontal and vertical rows. U.Cret., Cuba
USA.--FIG. 330,4. *L.lanieri (COTTEAU), Cuba;
4a-c, aboral, oral, lat., Xl (30); 4d, cross sec.,
radiating walls connecting auricles with test,
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XI.8 (136£). [=Hawkinsia LAMBERT, 1928, p.
21, nom. correct. JEANNET, 1936, p. 581, pro
Hawkensia LAMBERT, 1928 (type, Coenholeetypus
Ctlbae HAWKINS, 1913, p. 202).]

Suborder ECHINONEINA
H. L. Clark, 1925

[Echinoneina H. L. CLARK, 1925, p. 176; emend. WAGNER &
DURHAM, herein]

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

Family ECHINONEIDAE
Agassiz & Desor, 1847

[nom. correct. WAGNER & DURHAM, herein (pro Echinoneides
AGASSIZ & 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. eyclostomus;
SO H. L. CLARK, 1917, p. 101] [=Eehinanaus
GRAY, 1825, p. 7 (nom. van.) (obj.); Pseudo
haimea POMEL, 1885, p. 1I8 (type, Haimea
delagei POMEL; SO WAGNER & DURHAM, herein);
Koehleraster LAMBERT & THIERY, 1921, p. 331
(type, Eehinoneus abnormalis DE LORIOL, 1883, p.
41)]. Ovoid; ambulacral plates in groups of 3,
pore pairs uniserial adapically, in groups of 3 ad
orally, pore zones slightly sunken; apical system
monobasal; peristome oblique, irregular, buccal
membrane with small plates; periproct inframar
ginal; tubercles perforate or imperforate, non
crenulate; globiferous, tridentate, ophicephalous,
and triphyllous pedicellariae. [Eehinoneus VAN
PHELSUM, 1774, not accepted because the work
of this author is not consistently binomial (ICZN
Code, 1961, Art. IIc).] Oligo.-Ree., Eu.-W.Indies
IndoPac.-Australia.--FIG. 331,2. "E. eyclosto
mus, Rec., Lord Howe Is.; 2a,b, aboral, lat., X I
(136£).

Micropetalon A. AGASSIZ & H. L. CLARK, 1907, p.
251 ["M. purpureum; 00]. Like Eehinoneus
except genital plates distinct; pore zones not de
pressed, pore pairs without peripodia; primary
tubercles imperforate. Ree., Hawaii.--FIG. 331,
5. "M. purpureum; 5a,b, aboral, oral, X2 (323).

Paleoechinoneus GRANT & HERTLEIN, 1938, p. lOS
["P. hannai; 00]. Ovoid; ambulacral plates in
groups of 3 throughout, pore pairs uniserial ad
apically, in arcs of 3 adorally; pore zones not de
pressed; peristome elongate along III-5 axis; apical
system tetrabasal; periproct marginal, slightly
oblique; primary tubercles numerous, perforate,
scrobiculate. V.Cret., USA (Calif.)-Mex.

Family CONULIDAE Lambert, 1911
[nom. correct. WAGNER & DURHAM, herein (p"o Conulusidac:

LAMBERT, 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 LESKE, 1778, p. 161 ["C. albogalerus;
00] [=Echinites LESKE, 1778, p. xviii (type, E.
albogalerus=Conulus albogalerus; SO WAGNER
& DURHAM, herein) (obj.) (non MULLER &

TROSCHEL, 1844, nee DUNCAN, 1889); Pyrina DES
MOULINS, 1835, p. 192 (see following note) (type,
Nucleolites castanea BRONGNIART, 1822; SO
COOKE, 1946, p. 220); Conulopyrina HAWKINS,
1921, p. 420 (type, C. anomala)]. Oral side flat,
aborally hemispherical to highly conical; apical
system ethmophract; peristome slightly elongate
along III-5 axis, gill slits rudimentary, auricles
low; periproct ovate, inframarginal, larger than
peristome; 4 genital plates, perforate; interambula
cral tubercles numerous, in diagonal pattern ad
radially and interradially to central tubercle. V.
Cret., Eu.-N.Afr.-Asia-N.Am.--FIG. 331,4. "C.
albogalerus, Senon., Eng.; 4a,b, lat., oral, XO.7
(l9Ia); 4e, perignathic girdle, X3 (196b); 4d,
adoral part of ambulacrum, enlarged (81).
[Contrary to the opinions of LAMBERT (1911), HAWKINS

(1919), and MORTENSEN (1948), Pyrina petrocoriensis DES·

MOULINS, 1837, cannot be the type of Pyrina D£SMOULINS,

1835, as it was not included in the original list of species
assigned to the genus. COOKE'S 1946 designation of Nucleo·
lites castanea BRONGNIART, 1822, one of the species origin~

ally referred to the genus, makes Pyrina DESMOULlNS, 1835,
(non auctorum) a subjective synonym of Conulus LESKE,

inasmuch as N. castanea has long been accepted as a typical
member of Conttlus.]

Galeraster COTTEAU, 1890, p. 548 ["G. australiae;
00]. 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. Cret.-Eoe.,
sunken; tubercles perforate, crenulate. Eoe., Au
stralia-Fr.--FIG. 331,6. "G. australiae; 6a,b,
oral, post., XO.75 (l36f).

Globator AGASSIZ, 1840, p. 7, 16 ["G. nucleus; 00]
[=Pyrina aueft. (non DESMOULlNS, 1835, see
note under Conulus); Pseudopyrina LAMBERT,
1908, p. 49 (type, Nucleolites ovulum LAMARCK;
00) ]. Test round or elongate, orally flattened to
slightly concave; pore pairs uniserial, pore zones
flush to slightly sunken; 4 genital plates; peristome
round or oblique; periproct marginal or supra
marginal; tubercles perforate, crenulate. Cret.-Eoe.,
Eu.-Medit.-Madagascar-India-W.Indies-Brazil-USA.
--FIG. 331,1. "G. nucleus, Senon., Belg.; 1a-e,
aboral, oral, post., XI.3 (142).

Pygopyrina POMEL, 1883, p. 54 ["Desorella ieatt
nensis COTTEAU, 1855, p. 711 (=Desoria ieaunen
sis COTTEAU, 1855, p. 224); 00] [=Conodoxus
POMEL, 1883, p. 74 (genus without species);
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Nllcleopyrina POMEL, 1883, p. 53 (type, Pyrina
cylindrica GRAS, 1848, p. 45)]. Like Globator ex
cept pore pairs in arcs of 3 adorally; periproct
supramarginal. M. lllr. (Callov.)-U. Cret. (Ceno
man.), Eu.-Asia.--FIG. 331,3. ·P. icallnensis
(COTTEW), V.Jur., Oxford., Fr.; aboral, Xl
(27b).

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.).

Conulus

4b

4d4c

50

Globotor

Pygopyrina

6b

3

lb

Goleroster
Flc. 331. Echinoneidae (2,5); Conulidae (1,3--1,6) (p. U4-15-U-H6).
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Galerites LAMARCK, 1801, p. 19 [·Eehinites vul
garis LESKE, 1778, p. 165; OD) [=Adelopnetutes
GAUTHIER, 1889, p. 52 (type, A. lamberti THOMAS
& GAUTHIER, 1889, p. 53); Pironaster MUNIER
CHALMAS, 1890, p. 181 (type, Eehinoeomu roemeri
O'ORBIGNY, 1855, 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.
--FIG. 332,1a,b. ·G. vulgaris (LESKE), Gel.;
Ia,b, aboral, oral, X I (I 86).--FIG. 332,Ic,d.
G. roemeri O'ORBIGNY, Gel.; Ie,d, detail; of
ambulacrum, adoral, adapical, X 8 (136f). [=Eclli
1l0eOnllS O'ORBIGNY, 1853, p. 29 (obj.).]

U447

20
Mottseehinus

Family UNCERTAIN
Cluniaster JEAN~ET, 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.--FIG.
332,3. ·C. rhenanus; diagram of part of ambula
crum, enlarged (198).

Mattsechinus THIERY in COLLIGNON & LAMBERT,
1928, p. 269 [·M. eollignoni; 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.Cret.(Senon.), Eu.(Aus.).
--FIG. 332,2. ·M. eollignoni; 2a,b, aboral, post.,
Xl (182).

Suborder CONOCLYPINA
Haecke1, 1896

[nom. eorrUl. DURHAM & ~[ELVJLLE. 1957, p. 256 (erroneous·
Jy credited to ZITTEL, corrected on p. 270) (pro Conoclyparia

HAECKEL, 1896, p. 486) 1
Ambulacra petaloid or subpetaloid; pores

of petals at least partly conjugate; auricles
interradial; ornament not orderly; apical sys
tem monobasal, 4 genital pores. U.Cret.
( Senon.)-Mio.

Family CONOCLYPIDAE Zittel, 1879
[Conoclypidae ZITTEL, 18i9, p. 515J

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 AGASSIZ, 1839, p. 61 [·Clypeus eonoi

deliS LESKE, 1778, p. 159; SD LAMBERT & THIERY,
1914, p. 286). Test slightly elongated posteriorly,

10

1b
Golerites

Ie

3 Clunioster

FIG. 332. Galeritidae (I) .. Family Uncertain (2-3)
(p. U447).
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Conoclypus

Oviclypeus

perforate, crenulate. Eoe., Medit.-Madag.-India
?Brazil; Mio., Italy.--FIG. 333,1a,b. *C. eonoi
delIS (LESKE), M.Eoc., Fr.; la,b, aboral, oral,
XO.3 (27f).--FIG. 333,le,d. C. aeqllidilatatlls
AGASSIZ, Eoc., Eu.(Aus.); Ie, half test into with
auricles and funnel, X 0.8; 1d, vert. sec. showing
funnel and auricle, X 0.8 (52).

Oviclypeus DAMES, 1877, p. 44 [*0. lorioli; OD].
Similar to ConoclypellS but lower, margin more
rounded; periproct marginal; outer pore only
slightly larger than inner pore; petals terminate
more abruptly distally. Eoe., Italy.--FIG. 333,2.
*O.lorioli; 2a,b, aboral, oral, XO.3 (41).

Family OLIGOPYGIDAE Duncan, 1889
[nom. trans!' WAGNE.R & DURHAM, herein (ex Oligopyginae

DUNCAN, 1889, p. 173)1

Small to medium-sized; periproct small;
without oral funnel; auricles partially re
cumbent. V.eret.(Senon.)-Oligo.
Oligopygus DE LORIOL, 1887, p. 394 [*0. wether

byi; aD]. 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. V.Eoe.-Oligo., trop. Am.-
FIG. 334,5. *0. wetherbyi, U.Eoc., USA (Fla.) ;
5a-e, aboral, oral, lat., XO.7 (205b).

Bonaireaster PIJPERS, 1933, p. 84 [*B. rtltteni;
aD]. 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. Eoe., W.Indies.--FIG. 334,6. *B. Ylltteni;
6a,b, aboral, oral, Xl (215); 6e, peristome and
girdle, X2 (52).

Haimea MICHELIN, 1851, p. 56 [*H. eaillalld; aD]
[=Paltropyglts ARNOLD & CLARK, 1927, p. 30
(type, P. platypetallls)]. Ovoid; ambulacra sub
petaloid to petaloid, pore pairs conjugate; peristome
pentagonal; periproct inframarginal; tubercles nu
merous, small, scattered. Eoc., W.Indies-Senegal.
--FIG. 334,4. *H. caillaltdi, W.Indies; 4a-e,
aboral, oral, lat., Xl (209).

Microlampas COTTEAU, 1889, p. 101 [*M. eonicllS;
aD] [=Mierosoma COTTEAU, 1887, p. 7 (obj.)
(non MicYosoma COTTEAU, 1886)]. Outline round,
oral side lIat, 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. Eoe., Spain.--FIG. 334,3. *M.
coniCtls; 3a,b, aboral, post., X 1.5 (33).

Ovulechinus LAMBERT, 1918, p. 19 [*0. pilltla; SD
LAMBERT, 1920, p. 4]. Ovoid to semiglobular;
ambulacral slightly petaloid; periproct marginal;
tubercles very small, scrobiculate. V.Cret.( Senon.),
Fr.--FIG. 334,1. *0. pilllla; la,b, aboral, oral,
X 1 (110). (Transfer to p. V523.]

20

2b

FIG. 333. Conoclypidae (p. V447-V448).

10

high, flattened orally, margin fairly sharp; ambula
cral plates all primaries except near peristome,
periproct inframarginal, oval; primary tubercles
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FIG. 334. Oligopygidae (1-6); Family Uncertain (7-8) (p. U448, U450).
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Protolampas LAMBERT, 1918, p. 37 [*Eehinolampas
arnaudi COTTEAU, 1891, p. 155; 00]. Outline
oval, oral side pulvinate; pores conjugate, outer
pore elongate; apical system anterior; periproct
marginal. Paleog.(Dan.), Fr.--FIG. 334,2. *P.
arnaudi (COTTEAU); 2a-c, aboral, oral, post., Xl
(136£).

Suborder UNCERTAIN
Family UNCERTAIN

Amblypygus, Echinogalerus, and Rhopo
stoma lack the floscelle of the Cassiduloida
and generally resemble the Echinoneidae in
gross morphology and lack of a lantern but
differ from them in having the ambulacra
more or less petaloid. The petaloid 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. AGASSIZ, 1840, p. 5, 17 [*A. dilata·
tus AGASSIZ & OESOR, 1847, p. 167; SO DUNCAN
& SLADEN, 1883, p. 15 1 [=Semiclypeus EYMAR,
1898, p. 48 (type, S. pretioStls)]. Circular to
ovate, low-arched to high subconical, flattened
orally, margin tumid; ambulacra petaloid, pores
conjugate, outer pore elongate, pores small ad
orally; apical system apparently tetrabasal; peri·

stome sunken, subrounded to oblique; periproct
large, pyriform, inframarginal; tubercles perforate,
crenulate; no evidence of girdle or lantern in adult.
Eoc.-Oligo., Circummedit.-Madag.-India-W.Indies
USA (Fla.-Calif.).--FIG. 334,7. "A. dilatatus
(AGASSIZ & OESOR), Eoc., Fr.; 7a-e, aboral, oral,
profile views, Xl (27e).

Echinogalerus KONIG, 1825, p. 171 ["Eehinites pel
ti/ormis WAHLENBERG, 1818, p. 49; SO LAMBERT,
1897, p. 20] [=Caratomus L. AGASSIZ, 1840, p.
7, 16 (type, Catopygus avellana DUBOIS, 1843, pI.
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 subpetaloid,
pores not conjugate, pore pairs uniserial through
out; apical system tetrabasal; periproct subtriangu
lar or transverse oval, inframarginal; peristome
elongate or oblique. U.Cret.( Cenoman.-Senon.},
Eu.-N. Am.(Baja Calif.). -- FIG. 334,8a,b. "E.
pelti/ormis (WAHLENBERG), Sweden; 8a,b, aboral,
oral views, Xl (142).--FIG. 334,8e-e. E. trun
eautS D'ORBIGNY; 8e-e, aboral, oral, profile views,
X2.5 (142). [=Rostrogalerus LAMBERT, 1911, p.
30 (type, Caratomus rostratus OESOR, 1842, p. 38;
00).]

Rhopostoma COOKE, 1959, p. 26 [*Ananchytes
eruci/erns MORTON, 1830, p. 245; 00]. Like
Eehinogalertls except periproct supramarginal.
Paleoe., USA.

CLYPEASTEROIDS

By J. WYATT 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 littoral 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 ovoid
(e.g., Fibularia) , to campanulate (e.g.,
Clypeaster) , to discoid (e.g., Clypeaster,
Dendraster). Internal supports are most
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 S1Urface is by enlargement of pre-exist
ing plates (Fig. 335). On the aboral surface
new plates are added throughout life and
it appears that relative ages can be estab
lished by comparing numbers of plates with·
in the petals (51).

During ontogeny the plates, particularly
those 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 (e.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
platesl during ontogeny (Fig. 335). Once
developed, this condition (discontinuous in
terambulacra) is characteristic of a given
stock and persistent in adults (Fig. 338).
Adapically, the clypeasteroid interambula
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 to conspicuous linear rows
of tubercles, have been ignored by most in
vestigators, with the notable exceptions of
MORTENSEN, LOVEN, and NICHOLS. 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
for 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 (see
Fig. 340,1,5,7) but are absent in this area
in the family Mellitidae (see Fig. 341,1a).
Preliminary surveys appear to indicate that
their distribution is significant at all taxo
nomic levels, including species.

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

FIG. 335. Delldraster excelltrictls (ESCHSCHOLTZ).

Ontogeny of oral surface. Growth series from diam
eter of 4 mm. (A) 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. SCHAFFER (150)
has described this system in some species of
Scutella and named it the microcanal sys
tem (see Fig. 342). Unpublished observa
tions by WAGNER on Encope show that
these canals are 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 feet are
suspended within them. It seems probable
that the "double wall" of the test present
in some species of Clypeaster and a few
other genera is another modification of this
microcanal system.

Internal supports of the test are absent in
Fibularia, but tn flattened genera they may
be exceedingly complex in distribution and
construction. SCHAFFER (150) has termed
the resulting pattern of internal cavities be-
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tween the upper and lower walls of the
test the macrocanal system. He has also
provided a detailed system of nomenclature
for ramifications of both canal systems.

No resorption occurs around the peri
stome, and as a result, the primordial plates
are also the basicoronal plates. Within the
different stocks development of the primor-
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FIG. 336.--1. Morphology of clypeasteroid petals: la, Heliophora orbieulus (LINNE), amb I1I (X2.S); 1b,
Rottda deeiesdigitata (LESKE), amb V (XI.S); 1e, Laganum laganum (LESKE), amb II (X2.4); Jd, Dend
raster exeentrieus (ESCHSCHOLTZ), amb IV (XO.9); 1e, Mortonia attStralis (DESMOULlNS), amb IV (XS.6);
1/, Fellaster zelandiae (GRAY), amb IV (X2.I); 19, Clypeaster ravenelii (A. AGASSIZ), amb IV (XI.O);
1h, Jaeksonaster depressum (LESSON), amb IV (X2.3); 1i, Eehinaraehnius parma (LAMARCK), amb IV
(X2.3); 1j, Clypeaster prostratus (RAVENEL), amb IV (XI.9); 1k, Leodia sexiesper/orata (LESKE), amb
IV (X2.5); ll, Mortonella quinque/aria (SAY), amb IV (X2.5); 1m, Astriclypeus manni (VERRILL),
amb I (Xl.7) (51).--2. Diagram of primary plates in petal of laganid clypeasteroid (136g).--3. Dia
gram of pseudocompound plates in petals of clypeasteroids; 3a, neolaganid (Weisbordella); 3b, clypeasterid

(Clypeaster) (3a, 51; 3b, 136g).
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FIG. 337. Cross section of pores for respiratory tube feet in Scutella (after SCHAFFER, 217).

U453

Order CLYPEA5TEPOIDA
Laganina Qotul· Clypeasterina
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FIG. 338. Evolution of interambu1acra on oral surface of Clypeasteroida. Interambulacra III black; vertical
spacing proportional to time except for Pleistocene (Durham, n).

© 2009 University of Kansas Paleontological Institute



U454 Echinodermata-Echinozoa-Echinoidea

A

B

c

E

D
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FIG. 339. Apical termination of c1ypeasteroid interambulacra (enlarged): A, Clypeaster ravenelii (A.
AGASSIZ), Recent, Gulf of Mexico; B, Laganllm laganllm (LESKE), Recent, New Hebrides; C, Heliophora
orbiclllllS (LINNE), Recent, Loanda, Angola; D, Sanchezella sanchezi (LAMBERT), upper Eocene, Cuba; E,
Tarphypyglls clarki (LAMBERT), upper Eocene, Cuba; F, Encope grandis L. AGASSIZ, Recent, Gulf of Cali-

fornia. Interambulacral areas stippled (51).
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dial plates is very characteristic. The ar
rangement in Echinocyamus (see Fig. 343,
1a) and other fibulariids is primitive and
reminiscent of that in regular echinoids.
Among clypeasterids the primordial am
bulacral plates (see Fig. 344,1,2) are much

larger than the interambulacral plates, but
in remaining families the trend is toward
increasing size of the interambulacral plate.
In the astriclypeid genus Amphiope (see
Fig. 345,4) the size relationships are almost
completely reversed from those in ely-

pores for larger
accessory tube
in food groove

8 pores for respiratory tube feet in petals

FIG. 340. Pores for accessory tube feet in ClypeasterOlda (pores in black): 1,2, Echinocyamus PItS/lIus
(MULLER), aboral, oral, X 9 (211a); 3, Clypeaster ochrus CLARK, adoraUy, interambulacrum 5, X 18
(136/?); 4,5, Laganum laganltm (LESKE), adapical and adoral ends of ambulacrum, X 15 (l36g); 6,
Leodza sex/esper/orata (LESKE). portion of interambulacrum, including branch of food groove, on oral
surface, X 50 (Durham, n); 7,8, Araclznoides placenta (LINNE), "combed" area in petal, oral "combed"

area, X20 (136g).
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FIG. 341. 1a,b, Eneope grandis AGASSIZ, aboral and
oral surfaces, showing distribution (stippled areas)

of accessory tube feet, XO.67 (Wagner, n).

FIG. 342. Microcanal system in interambulacral and
adjacent ambulacral plates on oral side of Sculella

vindobonensis secunda SCHAFFER, XO.7 (217).

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.

FIG. 343. C!ypeasteroid basicoronal plates (en
larged): la, Eehinoeyamus pusillus (MULLER), Re
cent, Europe; 1b, Tarphypygus clarki (LAMBERT),
upper Eocene, Cuba; 1e, Seulella subrolunda
(LESKE), "OligD-Miocene," Malta; 1d, Periarehus
lyelli pileussinensis (RAVENEL), upper Eocene, Geor
gia; 1e, Remondella gabbii (REMON,D), upper Mio
cene California; 11, Astrodapsls breweriantls
(RE~OND), upper Miocene, California. Interambula-

cral plates stippled (51).
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FIG. 344. Clypeasteroid basicoronal plates (en
larged): 1, Clypeaster rosaceus (LINNE), Recent,
Florida; 2, Clypeaster reticulatus (LINNE), Recent,
Philippine Islands; 3, Arachnoides placenta (LINNE),
Recent, east coast of Sumatra; 4, Heliophora orbi
culus (LINNE), Recent, Loanda, Angola; 5, Laga
num laganum (LESKE), Recent, New Hebrides; 6,
Neolaganum archaensis (TWITCHELL), 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 adult~

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.

FIG. 345. C!ypeasteroid basicoronal plates (en
larged): 1, Encope emarginata (LESKE), Recent,
Gulf of Mexico; 2, Mel/ita quinquiesperforata
(LESKE), Recent, Gulf of Mexico; 3, Vaquerosella
vaquerosensis (KEW), lower Miocene, California;
4, Amphiope bioculata (DESMOULlNS), Miocene,
Europe; 5, Pseudoastrodapsis nipponicus (NISI
YAMA), "Mio-Pliocene," Japan; 6, Eosmtella coosen
sis (KEW), upper Eocene, Oregon. Interambulacral

plates stippled (51).
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Oreel' CLYPEASTEROIDA
Laganina Rotul·

ina Clypeosterino Scutellino

a
w
0.
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FIG. 346. Evolution of periproct position in Clypeasteroida. Diagrammatic profiles with posItIOn of peri
proct indicated by arrow. Minimum (in parentheses) and maximum (in brackets) numbers of plates
between periproct and primordial plates indicated for each; vertical spacing proportional to time except

for 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,
triphyllouS1, and globiferous types. The last
named type has been recorded only in the
genus Fibulariella. The tubercles for attach
ment of the primary spines are usually per
forate and crenulate, but it is difficult 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 reSit 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. 353,1,2,4,7,8).

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 Cretaceous 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
is 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
cyamus) reported from the late Senonian
already have the periproct in a specialized
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FIG. 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 Paleocene are in
tervals that should be particularly reward
ing in the search for these "missing links."

Members of this order have been consid
ered in detail by L. AGASSIZ (1841), DUR
HAM (1955), LAMBERT & THIERY (1909
1925), and MORTENSEN (1948). A pre-
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FIG. 349. Mosaic pavement effect produced by
enlargement of tip of spines in Encope wetmorei

CLARK (180).

'II
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viously unrecognized morphological feature
(the microcanal system) was recently de
scribed by SCHAFFER (1962).

FIG. 348. Primary spines of c1ypeastewid echinoids.
--I. Scaphechinus mirabilis A. AGASSIZ, X 45,
aboral. -- 2. Dendraster excentrietls (ESCH

SCHOLTZ), X55, aboral.--3. Mortonia australis
(DESMOULlNS), X25.--4. Fiblliaria oVlIlllm
LAMARCK, X 45.--5. EchinodisclIs bisperloratlls
LESKE, X80, aboral.--6. EchinodisclIs bisper
100'atus LESKE, X80, oral.--7. Arachnoides pla
centa (LINNE), X 40, interambulacral.--8. Arach
noides placenta (LINNE), X55, from combed area.
--9. Clypeaster rotllndus (A. AGASSIZ), X55, ab
oral.--1O. Jacksonaster depresSlim (LESSON),

X 100, point only.--ll. Heliophora orbiculus
(LINNE), X75, aboral.--12. Rotllia deciesdigitata

(LESKE), X75, aboral (51, after 136g).

Suborder CLYPEASTERINA
A. Agassiz, 1872

[nom. correct. DURHAM & MELVILLE, 1957, p. 259 (pro sub
order Clypeastridae AGASSIZ, 1872, p. 304, 375) 1

Test with internal supports; petals with
pseudocompound plates; interambulacra

Order CLYPEASTEROIDA
A. Agassiz, 1872

[nom. Iran.rI. DURHAM & MELVILLE, 1957, p. 259 (ex suh·
order Clypeastridae A. AGASSIZ, 1872, p. 304, 375) 1

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 9lits; 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.Cret.(Maastricht.)-Rec.

1211109
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FIG. 350. Miliary spines of clypeasteroids (51, after
136g).--1,2. Clypeaster; 1, C. japonict/s DODER

LEIN, X55; 2, C. rott/ndt/s (A. AGASSIZ), X65.-
3. Arachnoides placenta (LINNE), X 55.--4.
Scaphechinus mirabitis A. AGASSIZ, X 100, aboral.
--5. Echinarachnius parma (LAMARCK), X 100,
aboral.-6. Peronella japonica MORTENSEN,

X 150.--7. Fibularia ol'ldt/m LAMARCK, X 105.
--8. Mortonia at/stratis (DESMOULINS), XI05.
--9. Heliophora orbict/lt/s (LINNE), X 75.--10.

Scutellinid, X 75.
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FIG. 351. Primary spines of clypeasteroid echinoids
in cross section.--1-4. Clypeaster retiettlatllS
(LINNE), X150; C. ht/milis (LESKE), X105; C.
annandalei KOEHLER, X90; C. lampms H. L.
CLARK, XSO.--5. ArachniJides placenta (LINNE),

X 135.-6. Fellaster zelandiae (GRAY), X135.
--7. Mortonia at/stralis (DESMOULINS), X ISO.
--8. Jacksonaster depresst/m (LESSON), XISO.
--9. Hupea decagonalis (LESSON), XISO.--10.
Dendraster excentriclis (ESCHSCHOLTZ), X 150.--
11. Scaphuhimls mirabilis A. AGASSIZ, X 150.--
12. EchinarachnillS parma (LAMARCK), XI50.-
13. Heliophora orbicult/s (LINNE), X275.-
14-15. Clypeaster rosaceus (LINNE), X65; C.
humilis (LESKE), X 140, aboral.--16. Peronella

japonica MORTENSEN, X 150.
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discontinuous, terminated adapically by pair
of plates; apical system pentagonal or stell
ate, apices interambulacral; auricles separ
ate; aboral miliary spines simply pointed.
U.Eac.-Rec.

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 continuous inter
ambulacra, indicating that intermediate spe
cies are yet to be found.

The known Arachnoididae (except Fas
su/aster) 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.
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Clypeaster LAMARCK, 1801, p. 341 [*C. rosaceus
(=*Echinus rosaceus LINNE, 1758, p. 665); SD
DESMOULINS, 1835, p. 183] [=Scutum SCHU
MACHER, 1817, p. 33 (obj.); Echinanthus GRAY,
1825, p. 427 (non LESKE, 1778) (obj.); Nycti
mene GISTL, 1848, p. 175 (non BORKHAUSEN,
1797; nee MORRIS, 1837) (obj.); Rhaphidoclypus
A. AGASSIZ, 1863, p. 25 (type, R. scutiformis A.
AGASSIZ, =Echinus reticulatus LINNE, 1758, p.
666; SD LAMBERT & THIERY, 1914, p. 301);
Stolonoclypus A. AGASSIZ, 1863, p. 25 (type, S.
placunarius A. AGASSIZ, =Echinanthus humilis
LESKE, 1778, p. 185; SD LAMBERT & THIERY,
1914, p. 301); Alexandria PFEFFER, 1881, p. 63
(type, A. magnifica); Echinorodorum POMEL,
1883, p. 68 (obj.); Pavaya POMEL, 1883, p. 68
(type, Clypeaster corwini PAVAY, 1874, p. 98);
Anomalanthus BELL, 1884, p. 43 (type, Echinan
thus tumidus WOODS, 1878, p. 169); Bunactus
POMEL, 1887, p. 204 (type, Clypeaster scillae DES
MOULINS, 1837, p. 64; SD LAMBERT, 1912);
Laganidea POMEL, 1887, p. 172 (type, Clypeaster
scutellaeformis POMEL, 1885, p. 30); SD LAMBERT,
1912); Miophyma POMEL, 1887, p. 260 (type,
Clypeaster altus LAMARCK, 1816, p. 14 (=Echi-

9

4

7

FIG. 352. Pedicellariae of c1ypeasteroid echinoids
(51, after 136g).--1. Jacksonaster depressum
(LESSON), X80.--2. Laganum fudsiyama DODER
LEIN, X 125.--3, 4. Clypeaster australasiae
(GRAY), X 180; C. fervens KOEHLER, X 42.--5.
Laganum dickersoni keiense MORTENSEN, X 125.
---fj-8. Clypeaster australasiae (GRAY), X 180;
C. rarispinus DE MEIJERE, X70; C. subdepressus
GRAY, X27.--9. Leodia sexiesperforata (LESKE),
X 160. [Figs. 1, 4, 8, tridentate; 2, 3, triphyllous;
5-7, ophicephalous; 9, "bidentate"; 1-6, single
valves; 7-9, complete valves; 8, 4-valved, tridentate

type.]

Family CLYPEASTERIDAE L. Agassiz,
1835

[nom. correct. O'ORBIGNY, 1851, p. 121 (pro Clypeastres
L. AGASSIZ, 1835, p. viii)]

Five genital pores; fooo grooves simple,
poorly defined; buccal membrane naked;
primordial interambulacral plates usually
greatly reduced; no "combed" areas. UBoe.
(Auvers.)-Ree.

FIG. 353. Clypeasteroid auricles (Durham, n).-
1. Echinaraclznius parma (LAMARCK).--2. Echi
nocyamtls pusillus (MULLER).--3. Clypeaster
,-avenelii (A. AGASSIZ).--4. Hupea decagonalis
(LESSON). --5. Clypeaster.-- 6. Arachnoides.
--7. Encope.--8. Echinocyamtls [5, 6, 7. 8,

in profile, interambulacral plates stippled].
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(type, Clypeaster intermedius DESMOULINS, 1837,
p. 64); Eurypleura LAMBERT, 1912, p. 90 (non
KAUP, 1858); Paleanthus LAMBERT, 1912, p. 89
(type, Clypeaster breunigi LAUBE, 1868, p. 19);
Coronanthus LAMBERT, 1913, p. 123 (type,
Clypeaster microstoma LAMBERT, 1914, p. 91);
Oxclypeina LAMBERT & THIERY, 1913, p. 122 (pro
Oxypleura POMEL, 1887) (type, Clypeaster doma
POMEL, 1887, p. 223; SD LAMBERT, 1912); Para
tinanthus LAMBERT & THIERY, 1913, p. 122 (pro
Paratina POMEL, 1887) (type, Clypeaster confusus
POMEL, 1887, p. 190; SD LAMBERT & THIERY,
1914); Platyclypeina LAMBERT & THIERY, 1913,
p. 122 (pro Platypleura POMEL, 1887) (type,
Clypeaster marginatus LAMARCK, 1816, p. 14; SD
LAMBERT, 1912); Tholeopelta LAMBERT & THIERY,
1913, p. 122 (pro Euryplellra LAMBERT, 1912)
(type, Clypeaster dllchassaingi MICHELIN, 1861,
p. 107); Alexandraspis LAMBERT & THIERY, 1914,
p. 315 (pro Alexandria PFEFFER, 1881, non Alex
andrium MOLIN, 1860) (type, Alexandria magni
fica PFEFFER, 1881, p. 63); Guebhardanthus LAM
BERT, 1914, p. 17 (type, Clypeaster priscus OPPEN
HEIM, 1901, p. 92); Laubeanthus LAMBERT, 1914,
p. 19 (type, Clypeaster breunigi LAUBE); Lepto
clypus KOEHLER, 1922, p. 31 (type, Clypeaster an
nandalei KOEHLER, 1922, p. 16); RhaphydoclYPlls
CHECCHIA-RISPOLl, 1925, p. 63 (nom. van.);
Orthanthus MORTENSEN, 1948, p. 34 (type,
Clypeaster euclastus CLARK, 1941, p. 120);
Zanolettia SANCHEZ ROIG, 1951, p. 39 (type,
Z. zanolettii); Herrerasia SANCHEZ ROIG, 1952,
p. 137 (type, Clypeaster profundlls SANCHEZ
ROIG, 1949, p. 91) non C. profundus L. AGASSIZ,
1840); Rojasaste,- SANCHEZ ROIG, 1952, p. 135
(type, Clypeaster hernandezi SANCHEZ ROIG)].
Medium-sized to large, test flattened to highly
campanulate, margin rounded to flattened and
inflated; peristome usually in deep infundibulum;
oral surface flat to concave; petals variable, closed
and rounded to open or sublyrate, with outer
pores elongate, inner ones rounded, commonly
connected by groove; 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 is very great, more than 400 nominal taxa
existing in the literature, but no systematic basis
for subgeneric groupings can be recognized.] U.
Eoc.( Allvers')-Rec., worldwide.--FIG. 357,la-e.
Lateral profiles of Clypeaster, XO.7; la, C. altlls
alticostatus MICHELIN, Mia., Malta; lb, *C. rosa
ceus (LINNE), Rec., Carib.; lc, C. euclastus CLARK,
Rec., Carib.; ld, C. reticulatus (LINNE), Rec.,
IndoPac.; Ie, C. latissimus (LAMARCK), Rec., E.
Indies (Durham, n).--FIG. 357,lf,g. *C. rosa
cms (LINNE), Rec., Carib.; lf,g, aboral, into ab-

o
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nanthus altlls LESKE, 1778, p. 189); SD DURHAM,
1955); Oxypleura POMEL, 1887, p. 221 (non
AMYOT & SERVILLE, 1843); Paratina POMEL, 1887,
p. 190 (non MIK, 1874); Platypleura POMEL, 1887,
p. 174 (non AMYOT & SERVILLE, 1843); Plio
phyma POMEL, 1887, p. 247 (type, Clypeaster atlas
POMEL, 1887, p. 252; SD LAMBERT, 1912); Diplo
thecanthus DUNCAN, 1889, p. 153 (obj.); Plesian
thus DUNCAN, 1889, p. 154 (type, Echinanthus
testlldinarius GRAY, 1851, p. 35); Biarritzella
BOUSSAC, 1911, p. 30 (type, B. marbellensis);
Dactylanthus LAMBERT, 1912, p. 89 (non CARL
GREN, 1911); Ellrycoila LAMBERT, 1912, p. 90

FIG. 354. Spicules, buccal plates, and periproctal
plates of clypeasteroid echinoids (51, after 136g).
1. Echinarachnius parma (LAMARCK), X180, spic
ules from sucking disc of tube foot.--2. Echino
discus auritus LESKE, X 21 0, spicules from sucking
disc of tube foot.--3. Heliophora orbicllius
(LINNE), X265, spicules from sucking disc of tube
foot.-4-7. Clypeaster rotundlls (A. AGASSIZ),
X 100, spicules from buccal membrane; C. rangi
anus DESMOULlNS, X 135, spicule from sucking
disc of tube foot; C. rotundlls (A. AGASSIZ), X 180,
spicule from sucking disc of tube foot; C. latissimus
(LAMARCK), X 180, spicule from sucking disc of
tube foot.--8. Heliophora orbiculus (LINNE),
X 70, plates from buccal membrane.--9. Fell
aster zelandiae (GRAY), X 10, periproctal plates.
--10. Peronella japonica MORTENSEN, X 10, peri
proctal plates.--ll. Echinocyamlls elongatlls

H. L. CLARK, X 15, periproctal plates.
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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

Miocene 7 2 5 22 36

Oligocene 4 - 2 7 13

Eocene 18 - 1 6 25

Paleocene 3 - - - 3

U. Cretaceous 2 - - - 2

TOTAL GENERA 28 3 7 34 72

FIG. 355. Recorded stratigraphic distribution of clypeasteroid genera (Durham, n).

oral, XO.7 (I36g).--FIG. 357,lh-k. Plates of
oral surface of Clypeaster (interamb. stippled),
lh-j (reduced), 1k (enlarged); 1h, '"C. rosaceus
(LINNE), Rec., Carib.; Ii, C. ravenelii (A. AGAS
SIZ), Rec., USA (Tex.) ; 1;, C. europacificus CLARK,
Rec., Gulf Calif.; 1k, C. reticulatus (LINNE), Rec.,
Philippine Is. (51). [See also Figs. 336,lg,lj,3b;
339,A; 340,3; 344,1,2; 348,9; 350,2; 351,1-4,14,15;
352,3-4,6-8; 353,3,5; 354,4-7.]

Family ARACHNOIDIDAE Duncan,
1889

[nom. transl. H. L. CLARK, 1914, p. 43 (ex Arachnoidinae
DUNCAN, 1889, p. 158) 1

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 series ("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
[Arachnoidinae DUNCAN, 1889, p. 1581

Periproct supramarginal; petals raised

above interambulacra, pore pairs conjugate;
combed areas large; food grooves, extending
to apical system; internal supports in outer
marginal zone only. Oligo.-Rec.
Arachnoides LESKE, 1778, p. 218 [nom. conserv.

ICZN, 1954] ['"Echinus placenta LINNE, 1758, p.
666, 1CZN, 1954] [=Echinarachnius LESKE, 1778,
p. 217 (suppressed ICZN, 1954)]. Narrow groove
from periproct to basicoronal plates; periproct slight
ly supramarginal, edge of test notched; only one
pair of interambulacral plates on oral surface; peri
proct between 2nd and 3rd pair of coronal plates;
combed areas extend over all ambulacral areas ex
cept along suture between areas on oral surface.
Plio.-Rec.. IndoPac.--FIG. 358,1. '"A. placenta
(LINNE), Rec., Java (la,b) , Sumatra (lc); 1a,b,
aboral, oral, Xl; Ie, plates on oral surface (inter
ambo stippled), XO.6 (6, 51). [See also figs. 340,
7-8; 344,3; 348,8; 350,3; 351,5.]

Fellaster DURHAM, 1955, p. 125 ['"A,-achnoides
zelandiae GRAY, 1855, p. 14 (=Echinarachnius
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 surface; combed areas about 0.7 width of
ambulacral plates. Oligo.-Rec., N.Z.--FIG. 358,2.
'"F. zelandiae (GRAY), Rec.; 2a, oral with spines,
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XO.5 (136g); 2b, oral without spines, XO.7
(136g); 2e, plates of oral surface, XO.7 (51).
[See also Figs. 336,11; 351,6; 354,9.J

Subfamily AMMOTROPHINAE Durham, 1955
[Ammotrophinae DURHAM, 1955, p. 127]

Combed areas small; internal supports

LAGANINAROTULINAtLYPEASTERINA SCUTELLINA
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FIG. 356. Inferred phylogeny of the families of clypeasterOid echinoids (Durham, n).
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Clypeoster

FIG. 357. Clypeasteridae (p. U462-U464).
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10 lb
Arochnoides

FIG. 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. CLARK, 1928, p. 471 [·A.
cyclillS; 00] [=Hesperaster H. L. CLARK, 1938,
p. 411 (type, H. araclznoides)]. 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., S. Australia-W. Australia.-
FIG. 359,4. ·A. cyclillS, Rec., S. Australia; 4a,b,
aboral view, plates on oral surface (interamb.
stippled), XO.7 (51, 136g).
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Suborder LAGANINA Mortensen,
1948

[Lagan ina MORTENSEN, 1948, p. 156]

Flattened or inflated; with internal sup
ports when flattened; petaloid ambulacral
plates simple or pseudocompound; inter
ambulacra narrow, continuous, 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.Cret.
(Senon. )-Rec.

Pseudocompound plates (Fig. 336,3a)
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

Monostychia LAUBE, 1869, p. 188 [*M. australis;
aD]. 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. Mia., S.Australia-Tasmania.
--FIG. 359,1.' *M. allstralis, S.Australia; la,
aboral view, Xl (15); lb, plates on oral surface
(interamb. stippled), XO.7 (51).

Scutellinoides DURHAM, 1955, p. 128 [*Scutellina
patella TATE, 1891, p. 275 (non HALL, 1908);
aD]. Test depressed conical; periproct supra
marginal, distant about 2 pairs of plates from
ambitus; pore pairs not conjugate; petals mod
erately well developed, extending 0.75 distance
to margin. Mia., S.Australia.--FIG. 359,2. *S.
patella (TATE); 2a,b, aboral, oral views, X 1.5
(31) .

Subfamily UNCERTAIN

Fossu1aster LAMBERT & THIERY, 1925, p. 577 [*F.
halli (=Sclltellina patella HALL, 1908, non TATE,
1891); aD]. 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.--FIG. 359,3.
*F. halli; 3a,b, oral surface into (i!J), oral surface
with marsupium ('i'), X6 (51).

\ Scurellinoides

Ammotrophus

10
Monostychio

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

30

3b
Fossuloster

40
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FIG. 360. Fibulariitlae (p. U469, U471).
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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
[nom. corr~ct. 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.] V.ere!.
(Senon.)-Rec.
Fibularia LAMARCK, 1816, p. 16 [*F. ovulum; SO
ICZN, 1950] [=Echinocyamus GRAY, 1825, p.
428, and LAMBERT, 1891, p. 749 (non LESKE,
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.Cret.(U.
Senon.)-Rec., worldwide as fossil, living IndoPac.
only.--FIG. 360,1. *F. ovulum, Rec., E.Indies
(Kei Is.); 1a,b, aboral, oral views, X2.5 (I36g).
[See also figs. 348,4; 350,7.]

Cyamidia LAMBERT & THIERY, 1914, p. 288 [*Echi
nocyanws nummulilica DUNCAN & SLADEN, 1884,
p. 132; 00]. Like Echinocyanllls, 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.--FIG. 360,2.
*C. nummulitica (DUNCAN & SLADEN), Pak.; 2a,b,
aboral, oral, X3; 2c, apical region, enlarged (47).

Echinocyamus VAN PHELSUM, 1774, p. 131 [*Echi
nocyamw pusillllS MULLER, 1776, p. 236 (=Spata
gllS pwillus MULLER, 1776, p. 236); SO ICZN,
1950] [=Anaster SISMONDA, 1841, p. 45 (type,
A. studeri); Fibularia LAMBERT, 1891, p. 749
(suppressed ICZN) (non LAMARCK, 1816)]. Test
moderately flattened; hydropores few, not in
groove; periproct between 1st 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.--FIG. 360,5. *E. pwillus (MUL
LER), Rec., Eu.; 5a-c, aboral, oral, oral int., X4
(135). [=Eclzinocentrotw CHECCHIA-RISPOLI,
1907, pI. 17 (nom. null.).]

Eoscutum LAMBERT, 1914, p. 293 [*Porpitella don
deuxi LAMBERT, 1905, p. 136; 00]. 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.--FIG. 360,3.
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FIG. 361. Fibulariidae (p. U471).
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*E. doncieuxi (LAMBERT), Fr.; 3a,b, aboral, oral,
X2.5 (203b).

Fibulariella MORTENSEN, 1948, p. 6 [*FibuZaria
actlta YOSHIWARA, 1898, p. 60; 00]. Like Fibu
Zaria but periproct elongated, with numerous small
periproctal plates; calcareous disc in tube feet; no
groove for hydropores. Rec., IndoPac.

Fibulaster LAMBERT & THIERY, 1914, p. 296 [pro
CrtlStuZina POMEL, 1883, p. 72 (non MENGE,
1867)] [*Sismondia miclzelini COTTEAU, 1861,
p. 49; SO COTTEAU, 1892, p. 309]. Like Scutellina
but margin thicker; internal radial partitions ad
ambulacrally curved; submarginal periproct be
tween 6th and 7th pairs of coronal plates. Eoc.,
Eu.--FIG. 360,4. *F. miclzeZini (COTTEAU), Fr.;
4a,b, into oral, oral, X2.6; 4c, aboral view, Xl
(27).

Lenicyamidia BRUNNSCHWEILER, 1962, p. 165 [*L.
compta; 00]. Like Cyamidia but with median
granulate area and lateral zones having deeply
scrobiculate tubercles on oral surface. L.Eoc.,
Australia.--FIG. 361,2. *L. compta; 2a,b, aboral,
oral, X7 (179).

Lenita DESOR, 1847, p. 142 [*Lenita patellaris
DESOR, 1847, p. 84 (=EclzintlS patellaris GMELlN,
1791, p. 301, =Eclzinites patellaris LESKE, 1778,
p. 256); SO 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; lOwell-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. Eoc., Eu.
?N.Am.--FIG. 361,3. *L. patellaris (LESKE),
Fr.; 3a,b, aboral, oral, X3 (27).

Mortonia GRAY, 1852, p. 38 [*FibuZaria australis
DESMOULlNS, 1837, p. 86; 00]. Like Ec!linocya
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.--FIG. 361,1. *M.
altStralis (DESMOULlNS), Hawaii; la-c, aboral,
oral, oral int., X2.5; ld, plates of oral surface
(interamb. stippled), X2 (51, 136g). [See also
Figs. 336,le; 348,3; 350,8; 351,7.]

Porpitella POMEL, 1883, p. 72 [*Scutellina Izayesiana
L. AGASSIZ, 1847, p. 82 (=S. stlpera L. AGASSIZ,
1841, p. 103, =CassiduZtls HayesiantlS DESMOU
LlNS, 1837, p. 246); SO LAMBERT, 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.--FIG. 361,5. *P. Izayesianus (DES
MOULlNS), Fr.; 5a,b, aboral, oral, X4 (27).

Scutellina L. AGASSIZ, 1841, p. 98 [*S. nummuZaria
(=Scutella nummtlZaria DEFRANCE, 1827, p. 231,
=S. ZentictlZaris LAMARCK, 1816, p. 10; 00)].
Small, flattened, outline circular, margin thin;

2b

Thogosteo

3b
Torphypygus

30

FIG. 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.--FIG. 361,4. *S. Zenti
cuZaris (LAMARCK), Fr.; 4a,b, aboral, plates of oral
surface (interamb. stippled), X3 (27, 51).

Tarphypygus AR"OLD & H. L. CLARK, 1927, p. 42
[*T. ellipticus; 00]. Ovoid to subglobular; petals
well defined, open; periproct on oral surface, be
tween 1st and 2nd coronal plates; basicoronal
plates small; about 11 pairs of ambulacral and 7
pairs of interambulaeral coronal plates on oral
surface; ambulaera about 1.5 times as wide as in
terambulacra at ambitus; interambulacra ter
minated adapically by series of single plates. Eoc.,
Jamaica-Cuba.--FIG. 362,3a-c. *T. ellipticus,
Jamaica; 3a-c, aboral, lat.. oral, Xl (9).--FIG.
362,3d. T. clarki (LAMBERT), Cuba; plates of oral
surface (interamb. stippled), X2 (51). [See also
Figs. 339,E; 343,lb.]

Thagastea PO'MEL, 1888, p. 373 [*T. wetterZei;
00] [=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
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FIG. 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.--FIG. 362,2. "'T. wetterlei, Tunisia;
2a-c, lat., aboral, oral, X I (27).

Togocyamus OPPENHEIM, 1915, p. 228 ["'Eellino
cyamlls (Togocyamlls) seefriedi; OD]. Very small,
like Fiblliaria, but periproct supramarginal; 10 in-

ternal partitions. Paleoc., Fr.W.Afr.--FIG. 362,
1. "'T. seefriedi (OPPENHEIM); 1a,b, oral, aboral,
X 10 (213).

Family LAGANIDAE A. Agassiz, 1873
[nom. transl. et correct. A. AGASSIZ, 1873, p. 516 (pro Tribu
des Laganes DESOR, 1858, p. 216) 1 [emend. DURHAM, 1954.

p. 677J

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 LAMBERT & THIERY, 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 1st 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,--FIG.
363,3. "'L. laganum (LESKE), Rec., Indonesia(Kei
Is.); 3a-c, oral, aooral, plates of oral surface
(interamb. stippled), XO.7; 3d, apical system with
groove for hydropores, X 6 (51, 136g). [See also
Figs. 339,B; 340,4,5; 344,5.]

Fibulina TORNQUIST, 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,--FIG. 363,1. "'F. gracilis; aooral,
XI (221).

Hupea POMEL, 1883, p, 69 ["'Laganum decagonale
POMEL, 1883, p. 69 (=Sctltella 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.--FIG. 363,2. "'H. decagon
ale (LESSON), Rec., Malaysia; 2a,b, oral, aboral,
X 0.75; 2c, plates of oral surface (interamb.
stippled), XO.7 (51, 136g). [Also Fig. 353,4.]
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Jacksonaster LAMBERT & THIERY, 1914, p. 313
[*Echinarachnius concha/us M'CLELLAND, 1840,
p. 181, =Laganum depressum LESSON, L. AGASSIZ,
1841, p. 110; 00]. 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 1st and
2nd pair of coronal plates; about 5 ambulacral and

4b

3 or 4 interambulacral coronal plates on oral sur
face. Mio.-Rec., IndoPac.--FIG. 364,3. *,. con
cha/us (M'CLELLAND), Rec., Malaya; 3a,b, aboral,
oral with spines, X 0.8; 3c, plates of oral surface
(interamb. stippled), Xl.5 (51, 136g). [See also
Figs. 336,lh; 348,10; 351,8; 352,1.]

Peronella GRAY, 1855, p. 13 [*Laganum peroni; L.
AGASSIZ, 1841, p. 123; 00]. Like Laganum but
with 4 genital pores, hydropores not in groove

40

Rumphio

FIG. 364. Laganiclae (p. U473, U475).
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FIG. 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 to column on oral surface. U.Mio.-Ree.,
IndoPac.--FIG. 364,2. *P. peronii (AGASSIZ),
Rec.; 2a,b, aboral, oral, Xl (6).

Peronellites HAYASAKA & MORISHITA, 1947, p. 101
[*Peronella (Peronellites) o"alis; 00]. Test ellip
tical; 4 genital pores; apical system raised; petals
short, about 0.5 of radius, anterior petal longest,
anterior paired petals shortest, poriferous zones
"very narrow." Mia., Formosa.

Rumphia DESOR, 1858, p. 229 [*Laganllm rostra
tum L. AGASSIZ, 1841, p. 118; 00] [=Mieltelinia
DUJARDIN & HUPE, 1862, p. 560 (non DE KONINCK,
1842), pro Polyaster MICHELIN, 1859, p. 397
(non GRAY, 1840)]. Medium-sized to large, elon
gate; apical area raised, slightly anterior; petals
elongate, 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 on oral surface, number of interambula
cral plates uncertain. Mio.-Ree., IndoPac.--FIG.
364,-1. 'R. rostratllm (AGASSIZ), N.Z.; 4a,b, ab
oral,oral, XO.7 (6).

Sismondia DESOR, 1858, p. 225 [*Selltella occitana
DEFRANCE, 1827; SO POMEL, 1883, p. 72]. Small,
margin inflated; petals open, slightly lyrate, length
about 0.75 of radius; 4 genital pores, hydropores
in 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.-Asia; Oligo.-Mio., IndoPac.-Australia.
--FIG. 364,1. oS. occitana (DEFRANCE), Fr.;
Ia-d, lat., aboral, oral, plates of oral surface
(interamb. stippled), Xl (27,51).

Family NEOLAGANIDAE Durham, 1954
[Neolaganidae DURHAM, 1954, p. 680]

Similar to Laganidae, but usually 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. Eoc.-Oligo., Gulf
Mexico-Carib. [See Figs. 336,3a; 339,D;
344,6.]
Neolaganum DURHAM, 1954, p. 680 [*Laganum

arelterensis TWITCHELL, p. 161; 00]. Small to
medium-sized; petals nearly closed, length 0.7
of radius; plates within petals in dyads and triads;
4 genital pores; hydropores in branching groove;
periproct oral, about 0.25 distance from margin;
4 or 5 ambulacral and 3 or 4 interambulacral

coronal plates per column on oral surface. Eoe.,
Gulf Mexico.--FIG. 365,1. *N. arclterensis
(TWITCHELL), USA(Fla.); Ia,b, aboral, lat. views,
Xl; Ic,d, oral, plates of oral surface (interamb.
stippled), XU (22,51,190).

Cubanaster SANCHEZ ROIG, 1952, p. 3 [*Jackson
aster torrei LAMBERT, 1962, p. 61; 00]. Small
to medium-sized; petals elongate, slightly open,
length about 0.75 of radius; some dyads in petals,
other plates simple; 4 genital pores; hydropores
in groove; periproct oral, large, about 0.17 of
distance from margin, between 2nd pair .of
coronal plates; 7 or 8 ambulacral and 5 or 6 in
terambulacral coronal plates per column on oral
surface. U.Eoe., W.Indies-Panama.--FIG. 365,
3a-c. *C. torrei (LAMBERT), Cuba; 3a,b, oral, plates
of oral surface (interamb. stippled), Xl; 3e, apical
system with groove for hydropores, X 10 (51,
216d).--FIG. 365,3d. C. aCtlnai (SANCHEZ
ROIG), Cuba; aboral, XO.8 (167).

Neorumphia DURHAM, 1954, p. 681 [*Rumpltia
elegans SANCHEZ ROIG, 1949, p. 100; 00]. Large,
elongate, posteriorly truncated; ambitus thick,
adapical surface raised centrally; petals almost
closed, pointed, plates mostly triads and tetrads,
length about 0.75 of radius; 4 genital pores;
hydropores in branching groove; periproct large,
about 0.17 of distance from margin, between 2nd
pair coronal plates; orally with about 3 ambula
cral and 2 or 3 interambulacral coronal plates per
column. U.Oligo., Cuba.--FIG. 365,4. 'N. ele
gam (SANCHEZ ROIG); 4a,b, aboral, plates of oral
surface (interamb. stippled), XO.6; 4c, pseudo
compound plates in petal I, X3 (51, 216b).

Sanchezella DURHAM, 1954, p. 682 [*Jacksonaster
sancltezi LAMBERT, 1926, p. 61; 00]. Medium
sized, elongate, thickened; both oral and apical
surfaces moderately concave; ambitus thick,
rounded; petals depressed, elongate, open, with
some dyads; 4 genital pores; hydropores in groove;
periproct large, 0.25 of distance from margin,
between 2nd pair coronal plates; numerous plates
on oral surface. U.Eoe., W.Indies.--FIG. 365,2.
*S. sanc/zezi (LAMBERT), Cuba; 2a-c, aboral, oral,
plates of oral surface (interamb. stippled), XO.8
(51,167).

Weisbordella DURHAM, 1954, p. 682 ['Peronella
earibbeana WEISBORD, 1934, p. 52; 00]. Like
Neolaganllm but with larger periproct and with
out groove for hydropores; oral surface slightly
concave. U.Eoe., W.Indies.

Wythella DURHAM, 1954, p. 682 [*Laganum eld
ridgei TWITCHELL, 1915, p. 160; OD]. Similar
to Cubanaster but larger, margin thinner, petals
raised and interambulacral areas widened midway
on oral surface; also similar to Neorumpltia but
interambulacra much narrower at ambitus. U.Eoc.,
Gulf Mex.--FIG. 365,5. *W. eld"idgei (TWITCH
ELL), USA(Ga.); 5a, aboral, XO.7; 5b, plates of
oral surface (interamb. stippled), Xl (22,51).

© 2009 University of Kansas Paleontological Institute



U476 Echinodermata-Echinozoa-Echinoidea

FIG. 366. Scutellidae (p. U477).

Suborder SCUTELLINA Haecke1,
1896

[nom. corral. DURHAM & MELVILLE, 1957, p. 259 «(71"0
SCUl<1Jaria HAECKEI., 1896, p. 488) J

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;

apical system pentagonal or stellate, apices
interambulacral; auricles fused; basicoronal
interambulacral plates as large as ambula
eral 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. Eoe.-Ree.

The oldest recorded genus (Eoseutella,
L.Eoe.) 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 suborder, is a 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 Protoscutella has
s~mple food grooves, but the specialized
basicoronal plates and discontinuous pos
terior interambulacrum show that it is not
closely related to the other two genera.
These points indicate that ancestral scutelli
nids should be present in the Paleocene, if
not in the Late Cretaceous.

Family SCUTELLIDAE Gray, 1825
[Scmellidae GRAY, 1825, p. 527] [emend. DURHAM, 1955,

p. 150]

Medium-sized to large, flattened, internal
supports well developed; petals closed, outer
member of pore pair subdivided; interam
bulacra continuous, 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 LAMARCK, 1816, p. 7 [*S. subrotunda

(=*Eehinodiseus subrotundus LESKE, 1778); SD
L. AGASSIZ, 1841, p. 5] [=?Lambertiella CHEC
CHiA-RISPOLl, 1917, p. 57]. Large, thin, petals
about half corresponding radius, anterior petal
longer than posterior petals; 6 or 7 ambulacral
and 4 or 5 interambulacral plates to column
on oral surface; periproct midway on oral sur
face, between 1st pair coronal plates. ?V.Oligo.,
Mio., Eu.--FIG. 366,1. *S. subrotunda (LESKE),
Mio., Malta; la-e, oral, lat., aboral, XO.6; ld,e,
plates of oral surface (interamb. stippled), food
grooves, XO.5 (189).

Parascutella DURHAM, 1953, p. 349 [*Seutella
leognanensis LAMBERT, 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, between 3rd pair of coronal
plates. Mio., Eu.--FIG. 367,2. *P. leognanensis
(LAMBERT), Fr.; 2a,b, aboral, oral, XO.7; 2e,
plates of oral surface (interamb. stippled), XO.6
(6, 189).

Parmulechinus LAMBERT, 1910, p. 63 [pro Stenaster
LAMBERT, 1905, p. 140 (non BILLINGS, 1858)]
[*Stenaster labrei LAMBERT, 1905 (=Scutella
agassizi OPPENHEIM, 1902, =S. striatula L.

AGASSIZ, 1841, non DE 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 to submarginal, approxi
mately between 4th and 5th coronal plates. Oligo.
L.Mio., Eu.--FIG. 367,1. *P. agassizi (OPPEN
HEIM), Oligo., Eu.; la,b, aboral, oral XO.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 STEFANINI, 1924, p. 843 [*Seutella

mississippiensis TWITCHELL, 1915, p. 124; OD].
Test low, ambitus thin, usually with posterior
periproctal notch; petals equal, length about half
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.Eoe.-V.Eoe., Gulf
Mex.-SE.USA.--FIG. 368,2. *P. mississippiensis
(TWITCHELL), M.Eoe., USA (Miss.) ; 2a,b, aboral,
plates of oral surface (interamb. stippled), XO.8
(22,51).

Mortonella POMEL, 1883, p. 231 [pro Mortonia
DESOR, 1858, p. 231, non GRAY, 1851)] [*Seutella
quinque/aria SAY, 1825, p. 228 (=Scutella rogersi
L. AGASSIZ, 1841, non MORTON, 1834); SD ICZN,
1955]. Like Periarehus but test thick, margin
founded, petals broader, and periproct midway
on oral surface. V.Eoe., GulfMex., SE.USA-Cuba.
--FIG. 368,4. *M. quinque/aria (SAY), USA
(Ga.); 4a-e, aboral, oral, lat., X 0.8 (22).

Periarchus CONRAD, 1866, p. 21 [*Sismondia alta
CONRAD, 1865, p. 74; OD]. Test raised apically,
ambitus thin; petals open, slender, length slightly
over half of radius, anterior longest; periproct oral,
nearly half distance from peristome, between 1st
pair coronal plates; food grooves bifurcate about
midway on oral surface; all interambulacra con
tinuous; usually 7 ambulacral and 4 or 5 inter
ambulacral coronal plates on oral surface. V.Eoe.,
Gulf Mex.-SE. USA-Cuba.--FIG. 368,3a,b. *P.
alta (CONRAD), USA(N.Car.); 3a,b, aboral, lat.,
XO.8 (22).--FIG. 368,3e. P. lyelli pileussinensis
(RAVENEL), USA (Ga.) ; plates of oral surface
(interamb. stippled), XO.7 (51).
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FIG. 367. Scutellidae (p. U477).

Family EOSCUTELLIDAE Durham,
1955

[EOSCllldlid,e DURHAM, 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 & HERTLEIN, 1938, p. 54

["SCI/leila coosensis KEW, 1920, p. 65; 00].
Petals about half length of anterior radius; margin
ven' thin; broad anal notch; primordial inter
ambulacral plates about 3 times length of ambula-
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FIG. 368. Protoscutellidae (2·4); Eoscutellidae (1) (p. U477-U479).

eral plates; internal supports highly develDped.
Eoc., W.USA.--FIG. 368,1. *E. coosensis (KEW),
USA(Ore.); la, aboral. XO.8; lb, plates of oral
surface (interamb. stippled), XO.7 (51, 200).

Family DENDRASTERIDAE Lambert,
1889

[Dcndrasterirlae LAMBERT, 1889, opr. p. 50) [emend.
DURHAM, 1955, p. l57]

Medium-sized to large; petals well devel
oped; anterior petal more widely open than
paired petals; interambulacrum 5 discon
tinuous; interambulacra nearly as wide as
ambulacra at ambitus; 4 genital pores; food
grooves bifurcating or trifurcating; peri
proct inframarginal to supramarginal. Plio.
Rec.
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FIG. 369. Dendrasteridae (p. U481).
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Dendraster L. AGASSIZ, 1847, p. 135 [*D. excentri
cus (=Echinarachinus excentricus VALENCIENNES,
1846, pI. 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 8 anterior coronal plates
on oral surface. Plio.-Rec., USA(GulfCalif.-Puget
Sound).--FIG. 369,3. *D. exantricus (ESCH
SCHOLTZ), Rec., USA(Calif.-Wash.); 3a,b, aboral,
food grooves, Xl, X 0.8; 3c, plates of oral sur
face (interamb. stippled), XO.6 (51, 69). [See
also Figs. 335; 336,1d; 348,2; 351,10.]

Merriamaster LAMBERT, 19\1, p. 64 [*Sctltella per
rini WEAVER, 1908, p. 273 (=Orchopo1'tls koehleri
LAMBERT & THIERY, 1914, p. 293); OD]
[=Orchopo1'tls LAMBERT & THIERY, 1914, p. 293,
=?Twitchellia LAMBERT, 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., V.Plio., C.Calif.
BajaCalif.--FIG. 369,1. *M. perrini (WEAVER),
U.Plio., USA(Calif.); la-c, aboral, oral, lat., Xl;
Jd, food grooves, XO.8 (51, 200).

Scaphechinus A. AGASSIZ, 1863, p. 359 [*S. mira
bilis (=ChaetodiscttS scuulla LiiTKEN, 1864, p.
172); OD] [=Chaetodiscus LiiTKEN, 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 interambulaeral and 4
or 5 ambulacral coronal plates on oral surface.
Plio. - Rec., Japan-Formosa.--FIG. 369,2. *S.
mirabilis, Rec., Japan; 2a,b, aboral, food grooves,
XO.8 (2a, 212a; 2b, 51). [See also Figs. 348,1;
350,4; 351,11.]

Scutellaster CRAGIN, 1895, p. 90 [*S. cretaatlS
(*=Sctltella interlineata STIMPSON, 1856, p. 153);
OD] [=Calasler KEW, 1920, p. 130 (type, SClllel
la interlineata STIMPSON) (obj.); Anorthosc/ii/im
LAMBERT & THIERY, 1914, p. 319 (type, Sctllella
inlerlineala STIMPSON) (obj.)]. Margin of test
thin to thick; apical system slightly posterior; out·
line of test rounded to indented interambulacrally;
petals about 0.75 length of radius; periproct supra
marginal, between 2nd pair of plates from ambitus;

Scutelloster

FIG. 370. Dendrasteridae (p. V~81-V482).
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food grooves trifurcating 0.3 distance from peri
stome, poorly developed anteriorly; both columns
of anterior, and posterior column only of posterior
paired interambulaera in contact with basicoronal
plates; 2 or 3 interambulacral and 4 or 5 ambula
eral coronal plates on oral surface. Plio., USA
(C.Calif.-Alaska)-?Sakhalin.--FIG. 370,la,b. *5.
interlineatus (STIMPSON), U.Plio., USA(Calif.);
1a,b, aboral, plates of oral surface (interamb.
stippled), XO.7 (51, 200).--FIG. 370,lc. 5.
major (KEW), U.Plio., USA (Calif.) ; food grooves,
XO.7 (51).

Family ECHINARACHNIIDAE
Lambert, 1914

[Echinarachniidae LAMBERT, 1914, p. 314] [emend. DURHAM,

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 pores;
periproct marginal to inframarginal; food
grooves with central trunk. Oligo.-Rec., N.
Pac.; Rec., NE.N.Am.
Echinarachnius GRAY, 1825, p. 428 [nom. conserv.
ICZN, 1954] [*Setttella parma LAMARCK, 1816,
p. 11; SD L. AGASSIZ, 1841, p. 5] [=Phelsumia
POMEL, 1883, p. 70 (obj.); Phelsumaster LAMBERT
& THIERY, 1914, p. 316 (obj.)]. Petals Iyrate,
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 interambulacral plates with
primordial plates very variable; posterior area
usually discontinuous; 3 or 4 interambulacral and
5 or 6 ambulacral coronal plates on oral surface.
Mio.-Rec., N.Pac.; Rec., NE.N.Am.--FIG. 371,4.
*E. parma (LAMARCK), Rec., N.Am.(E.Can., 4a,b;
Alaska, 4c); 4a-c, aboral, oral, plates of oral sur
face (usual arrangement, interamb. stippled),
XO.8 (6, 51). [See also Figs. 336,li; 350,5;
351,12.]

Astrodapsis CONRAD, 1856, p. 315 [*A. antiselli
(non KEW, 1920); OD] [=Asterodapsis A.
AGASSIZ, 1872, p. 172 (nom. van.); Astrodaspis
LAMBERT & THIERY, 1914, p. 314 (nom. null.)].
Medium-sized to large, outline rounded, elongate
or pentagonal; margin thin to inflated, most
strongly indented at posterior ambulacra; peri
proct marginal to just submarginal; petals slightly
to strongly raised, apical system not raised; petals
usually broad, more or less open; apical surface of
advanced species with broad interambulacral de
pressions; food grooves as in Echinarachnius but
may extend onto apical surface; interambulaera
continuous in early and discontinuous in later
species; 4 or 5 interambulacral and 5 to 9 am-

bulacral coronal plates on oral surface. M.Mio.
L.Plio., USA(Calif.).--FIG. 371,2. *A. antiselli,
L.Plio.; 2a-d, aboral, oral, lat., plates of oral
surface (interamb. stippled), XO.8 (51, 200).

Kewia NISIYAMA, 1935, p. 136 [*Scutella blancoen
sis KEW, 1920, p. 64; OD] [=Kewia NISIYAMA,
1934, p. 489 (nom. nud.)]. Small to medium
sized; anterior petal open, paired petals moderate
ly closed; petals about 0.7 length of radius; peri
proct supramarginal, close to margin; food grooves
simple; posterior interambulacrum discontinuous,
paired interambulacra usually continuous; 2 or 3
interambulacral and 3 to 5 ambulaeral coronal
plates on oral surface. Oligo.-Mio., N.Am.-N.Pac.
--FIG. 371,1. *K. blancoensis (KEW), M.Mio.,
USA(Ore.); 1a-d, aboral, lat., oral, plates of oral
surface (interamb. stippled), X I (51, 200).

Nipponaster DURHAM, 1952, p. 844 [*Astrodapsis
nipponicus NISIYAMA, p. 602; OD] [=Pseudo
astrodapsis DURHAM, 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 discontinuous;
interambulacra about 0.25 width of ambulacra at
ambitus. "Mio.-Plio.," Japan- ?Sakhalin-?Kamchat
ka.--FIG. 371,3. *N. nipponiClls (NISIYAMA),
Japan; 3a-d, aboral, oral, lat., plates of oral sur
face (interamb. stippled), X1.5 (51, 212b).

Remondella DURHAM, 1955, p. 168 [*Clypeaster
gabbi REMOND, 1863, p. 53; OD]. Like Kewia,
but periproct marginal, and ambulacra with more
numerous plates near ambitus on oral surface.
V.Mio.-L.Plio., USA(Calif.).--FIG. 372,2. *R.
gabbii (REMOND), U.Mio.; plates of oral surface
(interamb. stippled), X 1.2 (51).

Tenuirachnius DURHAM, 1955, p. 169 [*Scutella
gabbi var. tenuis KEW, 1915, p. 71 (=Echinarach
nius gabbii kleinpelli GRANT & HERTLEIN, 1938,
p. 60, =5cutella gabbi tenuis KEW, non Echi
narachnius tenuis YOSHIWARA, 1898); OD]. Like
Kewia, but periproct barely supramarginal, test
thin and flattened, and 3 pairs of oral coronal
plates in interambulacrum 5. V.Mio., USA(Calif.).
--FIG. 372,1. *T. kleinpelli (GRANT & HERT
LEIN); 1a,b, plates of oral surface, aboral view,
XI (51,200).

Vaquerosella DURHAM, 1955, p. 166 [*Scutella an
dersoni TWITCHELL, 1915, p. 183; OD]. Small to
large, width commonly greater than length; ambi
tus indented at ambulacra, most strongly pos
teriorly; petals more or less raised, anterior petal
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 in anterior
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FIG. 371. Echinarachniiclae (p. U482).
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FIG. 372. Echinarachniidae (1-3); Monophorasteridae (4-6) (p. U482, U485).
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ambulacra, 4 or 5 in posterior ambulacra. L.Mio.,
USA(Calif.)-Mexico(BajaCalif.).--FIG. 372,3a,b.
*v. andersoni (TWITCHELL), Calif.; 3a,b, aboral
view, plates of oral surface (interamb. stippled),
Xl (51, 200).--FIG. 372,3c. V. norrisi (PACK),
Calif.; plates of oral surface (interamb. stippled),
Xl (51).

Family MONOPHORASTERIDAE
LahiBe, 1896

lMonophorasteridae LAHILLE, 1896, p. 441 (emend. DURHAM,

1955, p. 169)]

Medium-sized to large, flattened; well
defined but variably open petals; interam
bulacra continuous, narrower at ambitus
than midway on oral surface; primordial
interambulacral plates much larger than
ambulacral plates; periproct on oral sur
face; 4 genital pores; food grooves bifur
cating just outside primordial plates. Mia.
Monophoraster LAMBERT & THIERY, 1921, p. 324

[pro Monophora DESOR, 1847, p. 287 (non BORY
DE ST. VINCENT, 1804)] [*Monophora darwini
DESOR, 1847, p. 287; OD]. Petals large, length
0.7 radius, anterior longest; posterior anal lunule;
periproct between lunule and peristome; inter
ambulacra greatly constricted at ambitus; primor
dial interambulacral plates much elongated. Mio.,
Arg.-Chile.--FIG. 372,6. *M. darwini (DESOR),
Arg.; 6a,b, aboral, oral views, XO.8; 6c, plates of
oral surface (interamb. stippled), XO.6 (51,
202a) .

Iheringiella BERG, 1898, p. 16 [pro Iheringia LA
HILLE, 1898, p. 437 (non KEYSERLING, 1891)]
[*Scutella patagoniensis DESOR, 1847, p. 287; OD]
[=lheringiana BERG, 1898, p. 41 (obj.); Iher
ingina LAHILLE, 1899, p. 395 (obj.)]. Petals partly
closed to Iyrate, length 0.7 radius; no lunules;
periproct submarginal, between 2nd and 3rd pair
coronal plates; 3 or 4 interambulacral, and 4 or
5 ambuhlcral coronal plates per column on oral
surface. Mio., Arg.--FIG. 372,5. *1. patagonien
sis (DESOR); aboral view, XI (202b).

Karlaster MARCHESINI SANTOS, 1958, p. 16 [*K.
pirabensis; OD]. Like MonopllOraster but with
posteri0r interambulacrum discontinuous orally,
and food grooves trifurcating (?) near peristome.
Mio., BraziI.--FIG. 372,4. *K. pirabensis; plates
of oral surface, XO.8 (207).

Family MELLITIDAE Stefanini,1911
[Mellitidae STEFANINt, 1911, p. 749 (emend. DURHAM, 1955,

p. 17111
Medium-s~zed 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

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.Mia.-Rec.
Mellita L. AGASSIZ, 1841, p. 34 [nom. conserv.

lCZN, 1956] [*Echinodiscus quinquiesperforatus
LESKE, p. 197 (=Mellita testlldinata KLEIN,
1734); SD POMEL, 1883, p. 71]. Thin, flattened,
ambitus 'sharp; paired ambulacral lunules only;
lunules narrow, elongate, normally closed; anterior
paired petals shortest, others about equal; peri
stome and apical system slightly anterior; 4 geni
tal pores; posterior interambulacrum continuous.
Mio.-Rec., N.Am.-S.Am.-W.Indies.--FIG. 373,1.
*M. quinquiesperforata (LESKE), Rec., Puerto Rico;
la-c, aboral, oral, lac. views, XO.7 (6).

Encope L. AGASSIZ, 1840, p. 6, 17 [*E. grandis;
OD] [=Moulinia L. AGASSIZ, 1841, p. 3, 139
(type, Swtella cassidulina DESMOULINS, 1837, p.
78); Motllinsia L. AGASSIZ, 1847, p. 139 (nom.
l'an. pro Moulinia) (non GRATELOUP, 1841); Des
moulinaster LAMBERT & THIERY, 1914, p. 294
(type, Scutella cassidulina DESMOULINS); Echino
glyphus GRAY, 1852, p. 37 (type, Sctltella emar
ginata LAMARCK, 1816, p. 9, =Echinodisctls
emarginatus LESKE, 1778, p. 200; SD, herein);
Echinoglyctls GRAY, 1855, p. 24 (nom. null.?);
Ravenellia LUTKEN, 1864, p. 168 (type, Swtella
macrophora RAVENEL, 1843, p. 81); Macrophora
CONRAD, 1865, p. 134 (type, Sctltella maC1'ophora
RAVENEL, 1843, p. 81)]. Like Mellitella, but with
apical system and peristome slightly anterior;
posterior petals longest; posterior interambula
crum continuous; posterior lunule more than half
inside line connecting ends of petals. L.Mio-Rec.,
N. Am.-S. Am.-W. Indies.--FIG. 373,4. *E.
grandis, Rec., Gulf Calif.; 4a,b, aboral, oral views,
XO.6; 4c, plates of oral surface (interamb.
stippled), XO.5 (I, 51). [See also Figs. 339,F;
341,la,b.]

Leodia GRAY, 1852, p. 36 [*L. richardsoni (=
*Echinodiscus sexiesperforatus LESKE, 1778, p. 199,
=Ec!,inus hexapoms GMELIN, 1789, p. 3189,
=Scutella sexforis LAMARCK, 1816, p. 9); OD].
Like Mellita but with 5 closed ambulacral lunules.
U.Mio.-Rec., E. N. Am.-E. S. Am.--FIG. 373,2.
• L. sexiesperforatus (LESKE), Rec., E. USA; plates
of oral surface (interamb. stippled), X 0.6(51).
[See also Figs. 336, lk; 340,6; 352,9.]

Mellitella DUNCAN, 1889, p. 162 [*Encope stokesii
L. AGASSIZ, 1841, p. 59; OD]. Margin thick or
thin; 5 ambulacral lunules, open or closed; pos
terior interambulacral lunule outside petals; apical
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FIG. 373. Mellitidae (p. U485, U488).
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FIG. 374. Astriclypeidae (p. U489).
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system and peristome slightly posterior' posterior
paired petals shortest; 5 genital pores; posterior in
terambulacrum discontinuous. Mio.-Plio., E.Pac.,
Carib. (neotropical); Rec., E. Pac. (tropical).--

FIG. 373,3. 'OM. stokesii (AGASSIZ), Rec., Ecuador;
3a,b, aboral, oral views, XO.8, XO.6; 3c, plates
of oral surface (interamb. stippled), XO.8 (6, 51,
136g).

FIG. 375. Abertellidae (2); Scutasteridae (1) (p. U489).
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FIG. 376. Family Uncertain (p. U489-U491).
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plates much larger than ambulacrals; peri
proct submarginal; 4 genital pores; food
grooves bifurcating just outside primordial
plates. Mio.
Abertella DURHAM, 1953, p. 350 [·Scutella aberti

CONRAD, 1842, p. 194; 00). 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 ambitus. Mia., N.Am.(Md.)-C.
Am.--FIG. 375,2. ·A. aberti (CONRAD), USA
(Md.); 2a-c, aboral, oral, lat. views, XO.5; 2d,
plates of oral surface (interamb. stippled), XO.4
(22,51).

Family SCUTASTERIDAE Durham,
1955

[ScUlasteridae DURHAM, 1955, p. 178]

Medium-sized to large; internal supports
well developed; with 3 ovate anterior ambu
lacrallunules 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 [·5. andersoni; 00).

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.).--FIG. 375,la. OS. andersoni; ab
oral view, XO.8 (200).--FIG. 375,lb,c. S.
vaquerosensis LOEL & COREY; I b,c, plates of oral
surface (interarnb. stippled), food grooves, XO.6
(51 ).

Family ASTRICLYPEIDAE Stefanini,
1911

(Astriclypeid;te STEFANINI, 1911, p. 747]

Medium-sized to large, flattened, margin
thin; internal supports well developed, with
paired posterior ambulacral lunules or
notches; anterior ambulacrallunules present
in some forms; petals well defined; pO$lterior
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 VERRILL, 1867, p. 311 lOA. manni;
00) [=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.-
FIG. 374,2. 0 A. manni, Rec., S. Japan; 2a-c, aboral,
oral views, plates of oral surface (interamb. stip
pled), XO.5 (51,136g). [See also FIG. 336,lm.)

Amphiope L. AGASSIZ, 1840, p. 6, 17 [0Scutella bio
culata DESMOULINS, 1835; SO LAMBERT, 1907, p.
49). Like Echinodiscus but lunules broad and
transversely (except Oligocene species) oval, apical
system slightly anterior. Oligo.-Mio., Eu.; Mio.,
Angola-India.--FIG. 374,1. ·A. bioculata (DES
MOULINS), Mio., Fr.; la,b, aboral, oral views,
XO.8 (6). [See also Fig. 345,4.)

Echinodiscus LESKE, 1778, p. 195 [.E. bisperfora
tus (=Echinoglycus irregularis LESKE, 1778, p.
197, =Lobophora bifora L. AGASSIZ, 1841, p. 64);
SO lCZN, 1950 ) [=EchinoglycllS LESKE, 1778, p.
197 (obj.); Lobophora L. AGASSIZ, 1841, p. 64
(obj.) (non CURTIS, 1825); TretodisCtls POMEL,
1883, p. 71 (obj.); TetrodiscllS LAMBERT &

THIERY, 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.--PIG. 374,3.
·E. bisperforattts, Rec., IndoPac.; 3a-c, aboral,
oral, lat. views, X 0.7; 3d, plates of oral surface
(interamb. stippled), XO.6 (6, 51). [See also
Figs. 348,6; 354,2.)

Family ABERTELLIDAE Durham, 1955
[Abertellidae DURHAM. 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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Family UNCERTAIN
Samlandaster LAMBERT & THIERY, 1914, p. 293

['Set/lelia germanica VON BEYRICH, 1847, p. 101;
OD]. Small, thin; petals narrow, 0.3 length of
radius; ambulacral pores nearly equal; apical sys-

tern central, 4 genital pores; periproct supramar
ginal; food grooves bifurcating near peristome;
internal supports highly developed. U.Eoc., Eu.
--FIG. 376,1. ·S. germanica (BEYRICH), Pol.;
oral view, XO.8 (141).

Runo

3

6

Rotuloideo

lb

Tournoueroster
FIG. 377. Rotulidae (2,4,5); Family Uncertain (1,3,6) (p. U491).
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Scutulum TOURNOUER, 1869, p. 981 [*S. parisiense;
aD] [=Scutellum FRITEL, 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.--FIG. 376,2. *S. parisi
ense; sketch of aboral surface, X 1.5 (51).

Suborder ROTULINA Durham,
1955

[Rotulina DURHAM, 1955, p. 1831

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 scingle plates;
apical system compact, stellate, apices ambu
lacral; 4 genital pores; periproct oral; 20
basicoronal plates, mcluding 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. Mia.
Rec.

Family ROTULIDAE Gray, 1855
[nom. transl. DURHAM, 1955, p. 183 (ex RotuEna GRAY,

1855, p. 65); emend. DURHAM, 1955, p. 183]

Characters of suborder. Mia.-Rec.
Rotula SCHUMACHER, 1817, p. 33, 84 [*R. multiloba

(=Echinodiscus octiesdigitatus LESKE, 1778, p.
2[[, =EchintlS orbiculus val. f3 LINNE, 1758, p.
666, =Rotttia augtlSti auctt.); SD DESOR, 1858,
p. 238] [=Ec!linotroc1ms 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.--FIG. 377,5. *R. octiesdigitatus
(LESKE), Rec.; 5a-c, aboral, oral, plate of oral
surface (interamb. stippled), XO.6 (6,51).

Heliophora L. AGASSIZ, 1840, p. 17 [*Ec1,inus o,·bi
ett/us val. a LamE, 1758, p. 666 (=Rotula
mmphii auctt.); SD LAMBERT, 1906, p. 126]
[=Hemiheliopsis LAMBERT, 1906, p. 128 (type,
H. fonti); Radiorotula LAMBERT & THIERY, 1921,
p. 321 (obj.)]. Posteriorly equally digitate, no
lunules; pore pairs conjugate, outer pore simple;

periproct oral, between 1st pair of coronal plates;
paired interambulacra usually discontinuous, but
variable. Mio.-Rec., W.Afr.--FIG. 377,4. *H.
orbicultlS (LINNE), Rec.; 4a-c, aboral, oral, plates
of oral surface (interamb. stippled), XO.8 (6,51).
[See also Figs. 336,la; 339,C; 344,4; 348,11;
350,9; 351,13; 354,3,8.]

Rotuloidea ETHERIDGE, 1872, p. 98 [*R. fimbriata;
aD]. Posteriorly dentate, no lunules; margin
thick; petals elongate, pore pairs only partially
conjugate, outer pore simple; periproct midway on
oral surface, between I st and 2nd pair of coronal
plates; paired interambulacra continuous. Mio.
Plio., W.Afr.--FIG. 377,2. *R. fimbriata, Plio.,
Morocco; plates of oral surface (interamb,
stippled), Xl (51).

Suborder and Family
UNCERTAIN

Proescutella POMEL, 1883, p. 70 [*Scutella cailli
audi COTTEAU, 1861, p. 46; aD] [=Praescutella
POMEL, 1883, p. 130 (nom. null.)]. Medium
sized, scutellid-like, flattened, apical system raised,
margin thin; petals open, length 0.8 of radius; pDre
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.
--FIG. 377,1. *P. cailliaudi (COTTEAU); la,b,
aboral, lat. views, X 0.7; 1c, oral view, X I (27).

Runa L. AGASSIZ, 1841, p. 32 [*R. comptoni; SD
LAMBERT & THIERY, 1914, p. 294]. Based on
internal mold. Unrecognizable; probably a fibu
lariid. Mio., Italy.--FIG. 377,3. *R. comptoni;
aboral view, X2.5 (6).

Tournoueraster LAMBERT, 1914, p. 294 [*Scutella
decemfissus DESMOULlNS, 1835; aD]. Based on
internal mold, markedly different from Runa; un
recognizable. L.Oligo., Fr.--FIG. 377,6. *T.
decem fissus (DESMOULlNS) ; aboral view, X 8
(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. KIER
[Smithsonian Institution, United States National Museum]
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FIG, 378. Evolution of pygurid type of phyllode,
trend toward decrease in number of pores, widen
ing of phyllodes, and increase in disranee between
pores and edge of peristome shown in four species

of Pygtll'tls (nor to scale) (Kier, n).

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 Paleontologie
Franr;aise, Terrain Tertiaire (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.
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EVOLUTION
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FIG. 379. Evolution of nucIeolitid 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 (AGASSIZ); B, Petalobrissus lefebvrei
(FOURTAU); C, Pliolampas gauthieri (COTTEAU);

D, Cassidulus cariboearum LAMARCK (not to scale)
(Kier, n).

APICAL SYSTEM

The apical system underwent consider
able evolution, changing from a tetrabasal
system in the Jurassic, commonly with com
plimentary and catenaI 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.

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.

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.
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~retaceous time it had shifted marginally
III many genera, and by the Turonian it was
marginal or inframarginal in most genera.
Many species again had supramarginal peri
proets 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

Pliolampas

Clypeus
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FIG. 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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FIG. 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 Clypeidae 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 Galeropygidae 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 N ucleolites.
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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Pseudopygurus,----
_ Mepygurus I I I Pygurus

Quaternary

I Conolompas-" I Echlno'ampo~

APATOPYGIDAE

FIG. 382. Phylogeny of Cassiduloida (98).
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FIG. 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; N ucleopygus 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 Pygol'hynchus. The two oldest genera
in the family, Arnaudaster and Parapygus,
are similar to Pygol'hynchus, their only 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 Clypeolampadidae 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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FIG. 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.

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

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

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.-Rec.

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. JUl'.
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Galeropygus COTTEAU, 1856, p. 648 [*Hyboclypus
agariciformis WRIGHT, 1851, p. 99; OD] [=Galeo
pygus DESOR, 1857 (nom. null.); Ressopygus
POMEL, 1883, p. 56 (type, Clypeus constantini
COTTEAU, 1873, p. 228)]. Low circular; broad
apical system with genital plates arranged in
semicircle; bourrelets slightly developed. L.lur.
(Toarc.)-U.lur.(Oxford.), Eu.--FIG. 384,1. *G.
agariciformis (WRIGHT), M.Jur.(lnferior Oolite),
G.Brit.; 1a-c, aboral, oral, post., Xl; 1d, ambo V
phyllode, X 10 (98).

Hybodypus L. AGASSIZ, 1839, p. 75 [*H. gibberu
Ius; OD, M] [=Hyboclypeus GRAY, 1840 (nom.
null.); Hyboclipus DESOR, 1842 (nom. null.);
Hyboclybus SISMONDA, 1842 (nom. null.); Hybo
dyhus EBRAY, 1859 (nom. null.); Aulacopygus
POMEL, 1883 (type, Hyboclypus caudatus WRIGHT,
1851, p. 100)]. Elongate apical system, oculars
II and IV usually in contact; bourrelets absent or
slightly developed. lur., Eu.--FIG. 384,2. *H.
gibberulus, M. Jur. (Bajoc.)-V. Jur. (Kimmeridg.),
Fr.; 2a,b, aboral, oral, Xl (98).

Family CLYPEIDAE Lambert, 1898

Medium-sized to large, low; apical sys
tem tetrabasal; petals 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; SD, KIER,

1958, p. 30] [=Ec1linoclypeus DE BLAINVILLE,
1830 (obj.); Auloclypeus POMEL, 1883, p. 60
(type, Nucleolites michelini WRIGHT, 1851, p. 23);
Crotoclypeus POMEL, 1883, p. 60 (type, Nucleo
lites agassizi WRIGHT, 1851, p. 368); Dactylo
clypeus MACCAGNO, 1947, p. 126 (type, Clypeus
wylliei CURRIE, 1925, p. 63)]. Broad; petals long,
broad; periproct supramarginal; bourrelets well
developed; phyllodes with many pore pairs. M.
lur. (Bajoc.)-U.IU1·. (Kimmeridg.) , Eu.-Afr.-
FIG. 386,4. *C. plotii, M.Jur.(Inferior Oolite), G.
Brit. aboral, XO.5 (98).--FIG. 385,1. C. simla
tus LESKE, M.Jur.(Gr. Oolite), Fr.; ambo I phyll
ode, X4 (98).

Astrolampas POMEL, 1883, p. 63 [*Pygurus pro
ductus L. AGASSIZ, 1836; OD]. Elongate; bour
relets slightly developed, not inflated; phyllodes
long, narrow. Cret.(Valangin.-Cenoman.), Eu.
Syria.--FIG. 386,3. *A. p"oductus (L. AGASSIZ),
L.Cret., Switz.; 3a,b, aboral, oral, Xl (98).

Bothryopneustes FOURTAU, 1924, p. 27 [*B. lam
berti; SD CURRIE, 1927, p. 425] [=ClypeobrisStts
CURRIE, 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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FIG. 385. Clypeidae (p. U499).

pairs. lur.(Bathon.-Callov.), Afr.--FIG. 386,2a-c.
*B. lamberti, Egypt; 2a-c, aboral, lat., oral, X 2
(98).--FIG. 386,2d. B. somaliensis (CURRIE),
V.Jur., Somaliland; aboral, X I (98).

Pseudopygurus LAMBERT, 1911, p. 184 [*P. letter
oni; OD, M]. Large; petal III absent or slightly
developed; periproct inframarginal; bourrelets well
developed; phyllodes with many pore pairs. U.lur.
(Sequan.), Eu.-Afr.--FIG. 386,1. *P. letteroni,
Fr.; 1a-c, aboral, oral, lat., X I; 1d, adapical, X 4
(98).

Pygurus L. AGASSIZ, 1839, p. 68 [*Echinolampas
montmollini L. AGASSIZ, 1836, p. 134; SD SAVIN,
1902, p. 271] [=?Echinanthites LESKE, 1778
(no type-species)]. Large, petals broad; periproct
inframarginal; bourrelets well developed; phyllodes
varying from broad with few pore pairs to narrow
with many pore pairs. M.lur.( Bajoc.)-U. Cret.
(Cenoman.), cosmop.
P. (Pygurus) [=Echinopygus D'ORBIGNY, 1856,

p. 303 (type, Clypeaster o,'iformis LAMARCK,
1816, p. 15)]. Slightly elongate; apical system
anterior; broad phyllodes. U.lur.( Oxford.)-U.Cret.
(Cenoman.), Eu.-Afr.-N. Am. -- FIG. 385,2;
387,1. *P. montmollini (L. AGASSIZ), L.Cret.
(Neocom.), Fr.; 385,2, phyllode, enlarged; 387,1,
aboral, X I (98).

P. (Mepygurus) POMEL, 1883, p. 65 [*Pygurtls
michelini COTTEAU, 1849, p. 70 (=Pygurtls de
presstls AGASSIZ, 1847, p. 162); SD LAMBERT &

THIERY, 1921, p. 356]. Low, broad; central apical
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system; narrow phyllodes with many pore pairs.
jt/r.( Bajoc.-Oxford.), Eu.-Afr.--FIG. 388,1. *P.
(M.) dep,-essus (AGASSIZ), M.Jur.(Callov.), Fr.;
la,b, aboral, oral, XO.5 (98).

P. (Pyguropsis) DE LORIOL, 1902, p. 32 [*P. noel
lingi DE LORIOL, 1899, p. 4; OD]. Test thick,
sides steep. U. erel. (Cenoman.), Lebanon.-
FIG. 387,2. *P. (P.) noetlingi; 2a-c, aboral, oral,
lat., X2 (98).

Pse'udopygurus

Family NUCLEOLITIDAE
L. Agassiz & Desor, 1847

Apical system tetrabasal; petals mod
erately developed, usually open, with nar
row poriferous zones; usually double pores
in all ambulacral plates; phyllodes narrow;
bourrelets moderately developed. M.Jur.
U.Cret.

Astrolampas

Bothryopneustes

FIG. 386. Clypeidae (p. U499).
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FIG. 388. Clypeidae (p. U499-U500).

Ib

Mepygurus

Nudeolites LAMARCK, 1801, p. 347 [*N. sct/laltiS
LAMARCK, 1816, p. 36; SD LAMBERT, 1889]
[=EcltinobrisSIIs GRAY, 1825, p. 429 (obj.); Aero
mauls POMEL, 1883, p. 58 (type, Echinobrissus
bllrgllndiae COTTEAU, 1871, p. 259); Clilopyglls
POMEL, 1883, p. 58 (type, Ecltinobrissw lorioli
COTTEAU, 1871, p. 236); ClliniCIIlw POMEL, 1883,
p. 57 (type, Nllcleoliles gracilis L. AGASSIZ, 1840,
p. 44); Holcoepyglls POMEL, 1883, p. 58 (type,
Nllcleoliles elongalw L. AGASSIZ, 1840, p. 4);
Lopltopygtls POMEL, 1883, p. 57 (type, Nllcleoliles
cordaltls GOLDFUSS, 1826, p. 142); NOlopygw
POMEL, 1883, p. 58 (type, Nllcleoliles amplw L.
AGASSIZ in AGASSIZ & DESOR, 1847, p. 96); Tapltro
pygw POMEL, 1883, p. 59 (type, Nllcleoliles sub
qlladrailis L. AGASSIZ, 1839, p. 41); Tltigopygw
POMEL, 1883, p. 59 (type, EchinobrisSlls IlI/milis
GAUTHIER, 1875, p. 79); ?Heleronllcleus LAM-

2e

FIG. 387. Clypeidae (p. U499-U500).

Pyguropsis
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FIG. 389. Nucleolitidae (p. U501, U503, U505).
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FIG. 390. Nucleolitidae (p. V501, V503, V505-V506).

BERT, 1911, p. 184 (type, H. peroni)]. Small to
medium-sized, usually with greatest width pos
terior to center, thick margins; all ambulacral plates
double·pored; no buccal pores. M.lttr.( Bajoc.)-V.
Cret.( Cenoman.), Eu.-Afr.--FIG. 389,1,. 390,1.
·N. scutatlls LAMARCK, U.]ur.(Oxford.), Fr.;
389,la-c, aboral, oral, lat., X2; 390,1, amb I
phyllode, XIO (98).

Catopygus L. AGASSIZ, 1836, p. 185 ['Nllcleolites
carinatlls GOLD FUSS, 1826, p. 142; SD COTTEAU,
1869, p. 121] [=Penesticta POMEL, 1883, p. 64
(type, Oolopygus bargesii D'ORBIGNY, 1856, pI.

976)]. Small, oval, highly inflated; 3 or 4 genital
pores; petals flush, all ambulacral plates double
pored; periproct marginal; bourrelets well devel
oped; phyllodes with 2 series of pore pairs in each
half-ambulacrum, inner pore usually smaller than
outer; no buccal pores. V.lllr.( Kimmeridg.)-V.
Cret.(Senon.), cosmop.--FIG. 389,"i: 390,6; 391,
4. ·C. carinatlls (GOLDFUSS), U.Cret.(Cenoman.),
Fr.; 389,4, lat., X I; 390,6, amb V phyllode; 391,
4a,b, aboral, oral, X2 (98).

Clypeopygus D'ORBIGNY, 1856, p. 201 ['Clypeus
paliitrei COTTEAU, 1851, p. 291; SD D'ORBIGNY,
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FIG. 391. Nucleolitidae (p. US03, USOS-US06).
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FIG. 392. Nucleolitidae (p. V506).

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.( Neocom .-Cenoman.), Eu.-Afr.--FIG. 389,
6; 390,2. *C. pallitrei (COTTEAU), L.Cret.(Neo
com.), Fr.; 389,6, aboral, Xl; 390,2, amb II
phyllode (98).

Hemicara SCHUlTER, 1902 [*H. pomeranllm; 00].
Medium-sized, petals very slightly developed, nar
row; all ambulacral plates double-pored; periproct
inframarginal: phyllodes widened; no buccal pores.
V.Cret., Eu.--FIG. 389,5. *H. pomeranllm, U.
Cret., Pol.; 5a-c, aboral, oral. post, X2 (98).

Hypopygurus GAUTHIER, 1889. p. 37 [*H. galldryi;
00, M]. Low, elongate, pointed posterior margin;
petals broad, op"n, 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. V .CretJ Cenoman.),
Tunisia.--FIG. 389,3; 390,4. *H. galldryi; 389,
3a,b, aboral, oral, X I; 390,-1, amb III phyllode,
X5 (98).

Oolopygus D'ORBIG~Y, 1856, p. 976 [*0. pyriformis
D'ORBIGNY, 1856 (non Eellinites pyriformis LESKE,
1778=0. gracilis LAMBERT. 1909, p. 20: SO COT
TEAU, 1860)] [=?Pselldonllcletls LAMBERT, 1920,
p. 17 (type, Psetldonllclells malladai LA'IBERT,
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. V.Cret.
(Senon.), Eu.--FIG. 389,2; 390,3. *0. gracilis
LAMBERT, Fr.; 389,2a,b, aboral, oral, X2; 390.3,
amb V phyllode, X 15 (98).

Phyllobrissus COTTEAU, 1859, p. 81 [*CatopygtlS
gresslyi L. AGASSIZ, 1839, p. 49: SO COTTEAC.
1860, p. 553] [=Anr/lObrisstlS PO~IEL, 1883, p.
60 (ty'pe, Nllcleolites cerceleti OESOR in AGASSIZ &

OESOR, 1847, p. 155); Troellalia POMEL, 1883
(type, EchinobrisstlS reqllieni OESOR in AGASSIZ
& OESOR, 1847, p. 96) (non SHARPE, 1850);
AsterobrisStls DE LORlOL, 1888, p. 104 (nom. l'an.
pro Troelzalia)]. 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. V.lllr.
(Kimmeridg.) - V. Cret.( Senon.), Eu.-India-USA.
--FIG. 390,5; 391,1. *P. gresslyi (L. AGASSIZ),
L.Cret.(Neocom.), Fr.; 390,5, amb IV phyllode,
X 15; 391,la-c, aboral, oral, X2 (98).

Plagiochasma POMEL, 1883, p. 59 [*Nllcleolites
olfersii L. AGASSIZ, 1836, p. 133; SO MELVILLE,
1952, p. I] [=TremalOpygtlS D'ORBIGNY, 1857,
p. 374 (obj.); Doellmostoma OUNCAN, 1891, p.
176 (obj.)]. Small to medium-sized, elongate;
petals usually unequal with petals V and I longer
than others, all ambulacral plates double-pored:
periproct supramarginal, longitudinal; bourrelets
slightly developed; phyllodes slightly widened; no
buccal pores. Cret.( Neocom .-Sellon.), Eu.-Afr.
USA.--FIG. 391,3. *P. olfersii (L. AGASSIZ), L.
Cret.(Hauteri\,.), cFr.; 3a-c, aboral, oral, lat.,
X2 (98).

Pseudosorella ETALLO", 1859, p. 415 [*Desoria
orbigllyana COTTEAC, 1855, p. 227; 00, M]
[=Neoclypells DE LORIOL, 1901, p. 33 (type, N.
syriams)]. 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 p"res. V.lllr.( Rallrac.), Eu.-Syria.--FIG.
391.2. *P. orbignyalla (COTTEAL'), Fr.; 2a,b, ab
oral, oral. lat., X2 (98). [=Pselldodesorella COT
TUl', 1862. p. 124 (110m. llllll.).]

Pygaulus L. :'\GASSIZ, 1847, p. 158 [*P. desmolllill
sii; SO COTTEAl', 1869, p. 124]. Medium-sized;
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developed, 2 series of pore pairs In each half
ambulacrum; no buccal pores. Cret.(Neocom.
Celloman.), Eu.--FIG. 390,8; 391,5. op. des
moulillsii, L.Cret.(Barrem.), Fr.; 390,8, phyllode,
X 10; 391,5a-c, aboral, oral, lat., X2 (98).

Pygopistes POMEL, 1883, p. 56 [OCatopygus {lori
dus COQUAND (nom. nud.) (=Pygaulus coquandi
COTTEAU, 1869, p. 243); 00, 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.--FIG. 392,1.
0p. coquandi (COTTEAU); la-c, aboral, oral, lat.,
X2 (98).

Pygorhynchus L. AGASSIZ, 1839, p. 53 [OCatopygus
obovatus L. AGASSIZ, 1836, p. 136; SO LAMBERT,
1898, p. 162] [=Botriopygus D'ORBIGNY, 1856,
p. 334 (type, Catopygus obovatus L. AGASSIZ,
1836, p. 136; Bothriopygus GAUTHIER in MORGAN,
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.--FIG. 390,7; 392,
2. 0 P. obovatus (L. AGASSIZ), L.Cret. ( Neocom.),
Switz.; 390,7, amb III phyllode, X15; 392,2, ab
oral, Xl (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. Cret.(Cenoman.)
Rec.
Echinolampas GRAY, 1825, p. 429 [OEchinus ovi

formis GMELlN, 1789, p. 3187; SD POMEL, 1883,
p. 62] [=Hypsoclypus POMEL, 1869, p. 25 (type,
Conoclypus lucae DESOR in AGASSIZ & DESOR, 1847,
p. 168 =C. plagiosomus L. AGASSIZ, 1840, p. 5);
Palaeolampas BELL, 1880, p. 43 (type, P. crassa);
Merolampas POMEL, 1883, p. 63 (type, Echino
lampas maltsensis QUENSTEDT, 1830, p. 489);
Miolampas POMEL, 1883, p. 62 (type, Echino
lampas depressa GRAY, 1851, p. 448); Sphelatus
POMEL, 1883, p. 54 (type, Caratomus lehoni COT
TEAU, 1880, p. 25); Euechinolampas POMEL, 1887,

-"-.
Echinolampas

-,

FIG. 393. Echinolampadidae (p. U506-U508).

elongate, sides usually parallel, highly inflated;
petals broad, poriferous zones narrow, all ambula
cral plates double-pored; periproct inframarginal;
bourrelets slightly developed; phyllodes slightly
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FIG. 394. Echinolampadidae (p. U506-U508).

p. 127 (type, Ecllinolampas f/orescens PO~IEL,

1883, p. 26); Palaeolampas PmIEL, 1887 (non
BELL, 1880); Craterolampas COTTEW, 1891, p.
186 (type, Ecllinolampas /'alliini COTTEAt.', 1863,
p. 107); Heteroclypells COTTEAU, 1891, p. 104
(type, Galerites semiglobllS LA~IARCK, 1816, p .
311); Progonolampas BITTXER, 1892, p. 357 (type,
P. nOI'ae hollandae =Echinolampas posterocrasSt/s
GREGORY, 1890, p. 483); ?Aplolampas LA~IBERT,

1906, p. 32 (t\'pe, Ecllinolampas montet'ialensis
SCHAl'ROTH, 1865, p. 191); Cyplzolampas LAM,
BERT, 1906, p. 33 (type, Clypeaster stellifertls
LA~IARCK, 1816, p. 16); Isolampas LMIBERT,
1906, p. 33 (type, Eclzinolampas gOlljoni PO~IEL,

1888, p. 376); .1Iacrolampas LA~IBERT, 1906, p .
33 (type, Clypeaster lzemisplzeriCIIs LA~IARCK,

1816, p. 293); SCII/olampas LAMBERT, 1906, p. 33
(type, ConoclYPlIs plagiosomtls L. AGASSIZ, 1840,
p. 5); Psammolampas L.'~IBERT, 1913, p. 136
(type, Ecllinolampas sClltiformis DES~IOT.;LIXS,

1837, p. 348); Libyolampas LAMBERT, 19H, p.
112 (type, Ecllinolampas africantiS DE LORIOL,
1888, p. 34); Cylindrolampas LA~IBERT, 1918, p.
44 (type, Ecllinolampas sllbcylindriCIIs DESOR,
1853, p. 277); Oeidolampas L.'~IBERT, 1918, p.

'.,.
.,'

.';,.
...:..

.:-..

"

r;/>'c>?/ .
~: ..

3b

30

Plesiolompos

3c1c

"

Arnoudaster

lb

FIG. 395. Echinolampadidae (p. U508).
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Conolompos

FIG. 396. Echinolampadidae (p. V508).

4~ (type, Echinolampas ataxensis COTTEAU, 1890,
p. 80); Politolampas LAMBERT, 1918, p. 45 (type,
Clypeaster politus LAMARCK, 1816, p. 293); Plani
lampas MORTENSEN, 1948, p. 297 (type, Echino
lampas sternopetala AGASSIZ & CLARKE, 1907, p.
130); Hypsoheteroclypeus SZORENYI, 1953, p. 76
(type, Hypsoclypus doma POMEL, 1887, p. 163)].
Medium-sized to large, usually inflated; apical
system monobasal; poriferous zones usually un·
equal, wide interporiferous zones. Eoc.-Rec., cos
mop.--FIG. 393,1; 394,1. "E. oviformis
(GMELlN), Rec., Ind.Ocean; 393,1a-c, aboral, oral,
lat., Xl; 394,1, amb IV phyllode, X8 (98).
[=Conolampas POMEL, 1883, p. 63 (non AGASSIZ,
1883) (type, Eellinolampas fraasi DE LORIOL,
1880); Pachylampas LAMBERT, 1918 (nom. t'an.
pro Macrolampas, obj.)]

Arnaudaster LAMBERT, 1918, p. 32 ["A. gauthieri
LAMBERT, 1920, p. 152; SO LAMBERT, 1920, p.
152]. Medium-sized, elongate, cylindrical; petals
well developed, unequal poriferous zones; peri
proct marginal, longitudinal; phyllodes slightly
broadened. V.Cret.(Cenoman.), Fr.--FIG. 395,
1. "A. gauthieri LAMBERT; 1a,b, aboral, oral, X2;
le, lat., Xl (98).

Conolampas A. AGASSIZ, 1883, p. 48 ["Conoclypus
sigsbei A. AGASSIZ, 1878, p. 190; 00, M]. Large,
high, circular; apical system monobasal; petals
long, straight, with narrow poriferous zones; peri
proct inframarginal; bourrelets well developed;
phyllodes with many pores. Rec., W. Indies.-
FIG. 396,1. "C. sigsbei (A. AGASSIZ), Rec., W.
Indies; 1a,b, aboral, oral, Xl (98).

Parapygus POMEL, 1883, p. 61 ["Botriopygus cot
teauanus D'ORBIGNY, 1856, p. 341; SO LAMBERT,
1898, p. 162] [=Pseudocatopygus 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. V.Cret.(Turon.
Senon.), Eu.-Afr.--FIG. 394,2; 395,2. "P. cot
leauanus (D'ORBIGNY), Fr.; 394,2, amb IV phyll
ode, X5; 395,2a,b, aboral, oral, Xl (98).

Plesiolampas DUNCAN & SLADEN, 1882, p. 9 ["P.
elongata; 00, 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.--FIG. 395,3. P.
placenta DUNCAN & SLADEN, Paleoc., India; 3a-c,
aboral, oral, lat., Xl (98).

?Pygastrides LovEN, 1888 ["P. relictus; 00, M].
Based on immature specimen; generic characters
not known.

Family FAUJASIIDAE Lambert, 1905
[nom. corral. KIER, herein (pro Faujasidae LAMBERT,

1905, p. 13) I
Small to large, commonly broad, flat

oral surface; apical system monobasal or
tetrabasal; periproct supramarginal or infra
marginal; petals equal, broad, closed (except
in A ustralanthus), 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.Cret.-Eoc.
Faujasia D'ORBIGNY, '1856, p. 290 ["Pygurus apicalis

DESOR, 1847, p. 162; SO LAMBERT & THIERY,
1921, p. 273]. Small to medium-sized, blunt an
lerior, pointed posterior; apical system monobasal,
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FIG. 398. Faujasiidae (p. U510, U512).

genital pores in interambulacra; petals short, broad,
equal, closed; periproct inframarginal, transverse;
phyllodes with pores arranged in arc. U.Cret.
(Maastricht.), Eu.--FIG. 397,1; 398,3. of.
apicalis (DESOR), Belg.; 397,1a-c, aboral, oral,
lat., X2; 398,3a,b, apical system, phyllodes, X15,
X6 (98).

Australanthus BITTNER, 1892, p. 350 [oCassidulus
longianus GREGORY, 1890, p. 482; OD]. Medium
sized, oval, moderately inflated; apical system
monobasal; petals broad, short, open, pores strong
ly conjugate with equal poriferous zones, peri
proct supramarginal, longitudinal; phyllodes with
few pores; adorally tubercles much larger. U.Eoc.,
Australia.--FIG. 397,2. °A. longianus (GREG
ORY), Janjukian; 2a-c, aboral, oral, lat., Xl (98).

Domechinus KIER, 1962, p. 141 [oFaujasia chel
onium COOKE, 1953, p. 14; OD]. Medium-sized,
highly inflated; apical system monobasal; petals
broad, equal, closed; periproct marginal to infra
marginal, transverse; phyllodes with two series of
pores in each half-ambulacrum. U. Cret.
(Maastricht.), USA.--FIG. 397,3. °D. chelonium
(COOKE), USA (Tex.) ; 3a-c, aboral, oral, lat.,
X 1.5 (98).

Eurypetalum KIER, 1962, p. 140 [oEchinolampas
faujaJia DESMOULlNS, 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, closed, equal; periproct inframarginal,
transverse; phyllodes broad. U. Cret.( Senon.-
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FIG. 400. Faujasiidae (p. V512-V513).

Maastriclzt') , Eu.--FIG. 397,4. ·E. faujasii
(DESMOULlNS), Maastricht., Belg.; 4a,b, aboral,
lat., X 1.5 (98).

Fauraster LAMBERT in LAMBERT & THIERY, 1924,
p. 396 [·F. prisclIs; 00]. Small, flattened; apical
system tetrabasal; petals broad, equal, wide inter
poriferous zones; periproct supramarginal, broad
bourrelets strongly developed, toothlike. V.Cret.
(Maastriclzt.) , Spain.--FIG. 397,5. ·F. prisctls,
Spain; 5a-c, aboral, oral, lat., X2 (98).

Gongrochanus KIER, 1962, p. 131 [pro Cyrtoma
M'CLELLAND, 1840, p. 185 (non MEIGEN, 1824)]
[·Cyrtoma Izersclzeliana M'CLELLAND, 1840, p.
185; 00]. 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. V.Cret.(Senon.), India.--FIG. 398,1;
399,4. ·G. Izersclzeliana (M'CLELLAND), Senon.,
India; 398,1, amb V phyllode, X?; 399,4a,b,
aboral, lat., X I; 399,4c, floscelle of paratype,
Xl (98).

Hardouinia HAIME in D'ARCHIAC & HAIME, 1853,
p. 214 [·Pygorlzynclzus mortonis MICHELIN, 1850,
p. 240; 00, M] [=Gonioclypeus EMMONS, 1858
(type, G. subanglllata); Harduinia POMEL, 1883
(nom. null.); Clarkiella LAMBERT, 1916 (type,
CassidlllllS conoideus CLARK in CLARK & TWITCH
ELL, 1915, p. 80; SO LAMBERT & THIERY, 1921,
p. 369); Cossmanaster LAMBERT, 1920, p. 138
(nom. vall. pro Clarl(iella); Clarkella LAMBERT,
1920 (non WALCOTT, 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 grllnular
zone in interambulacrum 5. V.Cret.(Turon.
Maastriclzt') , N.Am.--FIG. 398,4; 399,1. ·H.
mortonis (MICHELIN), Maastricht., Miss.; 398,4,
amb V phyllode, X6; 399,la-c, aboral, oral, lat.,
X I (98).

Lefortia COSSMANN, 1901 (Jan.), p. 58 [·Pomelia
delgadoi DE LORIOL, 1900, p. 67; 00, M]
[=Pomelia DE LORIOL, 1900, p. 66 (obj.) (non
ZITTEL, 1878); Pomelopsis DE LORIOL, 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. V.Cret.
(Senon.), Eu.-India-Afr.-N.Am.--FIG. 399,2.
.L. delgadoi (DE LORIOL), Senon., Port.; 2a-c,
aboral, oral, lat., X2 (98).

Petalobrissus LAMBERT, 1916, p. 82 [·Eclzinobrissus
setifellsis COTTEAU, 1866, p. 267; 00]. 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. V.Cret.
(Cenoman.-Maastriclzt.) , Afr.-N.Am.--FIG. 398,
5; 399,5; 400.1. ·P. setifensis (COTTEAU),
Maastricht., Algeria; 398,5, amb I phyllode, X15;
399,5, oral, X2; 400,la,b, aboral, lat., X2 (98).

Pygidiolampas CLARK, 1923, p. 345 [·P. eurynota;
00]. Medium-sized, broad, circular except for
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FIG. 401. Faujasiidae (p. V513).

Family ARCHIACIIDAE
Cotteau & Triger, 1869

[nom. correC/. KJER, herein (pro Archiacidae COTTEAU &
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. eret.
Archiacia L. AGASSIZ, 1847, p. 159 [*A. sandalina;

SD D'ORBIGNY, 1856, p. 284]. Medium-sized, high,
oral surface flal; double pores in ambulacral plates
beyond petals. Cret.(Neocom.-Cenoman.), Eu.
Afr.--FIG. 402,1a-c. *A. sandalina, Cenoman.,
Fr.; 1a-c, aboral, oral, lat., X2 (98).--FIG. 402,
ld. A. saadensis PERON & GAUTHIER, Cenoman.,
Tunisia; amb II phyllode, X8 (98).

Gentilia LAMBERT, 1918, p. 35 [*G. tafileltensis;
SD LA~IBERT, 1920, p. 154] [=Thomasia LAM
BERT, 1918 (type, Arc!liacia araidahensis GAUTH
IER, 1889, p. 18) (non POCHE, 1908); Thomasaster
LAMBERT, 1920, p. 138 (nom. van. pro
Thomasia)). Medium-sized, high, oral surface flat;
single pores in phyllodes beyond petals. V.Cret.
(Cenoman.), Afr.--FIG. 402,2. G. syriensis
KIER, Syria; 2a-c, aboral, oral, lat., X 1.5; 2d,
amb IV phyllode, XIO (98).

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;
bourrelels strongly developed, toothlike; phyllodes
very broad. V.Cret.(Campan.), N.Am.--FIG.
399,3. *P. eurynota, Campan., USA(S.Car.); 3a-c,
aboral, oral, lat., Xl (98).

Pygurostoma COTTEAU & GAUTHIER, 1895, p. 51
[*P. morgani; OD, M]. Medium-sized to large,
low; apical system tetrabasal; periproct marginal
to inframarginal, longitudinal; petals bwad, equal,
closed; phyllodes broad, with many pores. V.Cret.
(Senon.), S.Am.-Asia(Iran) .--FIG. 398,2; 400,
2. *P. morgani, Senon., Iran; 398,2, amb V
phyllode, X6; 400,2a,b, aboral, oral, X I (98).

Stigmatopygus D'ORBIGNY, 1856, p. 331 [*S. galea
tllS; SD LAMBERT & THIERY, 1921, p. 363].
Medium-sized 10 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. V.Cret.(Cenoman.-Senon.), Eu.
Afr.--FIG. 401,1. S. lamberti BESAIRIE, Campan.,
Madag.; 1a-d, aboral, oral, lat., post., XI (98).
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FIG. 402. Archiaciidae (p. V513).

Family CASSIDULIDAE
L. Agassiz & Desor, 1847

Small to large, oral surface flat; apical
system monobasal or tetrabasal; periproct
supramarginal to marginal, longitudinal or
transverse; peristome transverse; petals
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 LAMARCK, 1801, p. 348 [·C. cariboe-
amm; OD, M] [=Glossaster LAMBERT, 1918, p.
39 (type, CassidlllllS sorigneti COTTEAU, 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.,
cosmop.--FlG. -103,1; 404,2. ·C. cariboeamnl,
Rec., W.lndies; 403,1a-c, aboral, oral, lat., X2;
-10-1,2, amb 1 phyllode, X 13 (98).

Hypsopygaster BAJARUNAS, 1915, p. 230 [·H. Ilngo
sellsis; 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. Paleoc.( Danian),
USSR.--FIG. 403,4. ·H. /lngo5ellSis; 4a,b, ab
oral, oral, X4 (98).

Nucleopygus L. AGASSIZ, 1840, p. 7 [·N. minor
DESOR, 18-12, p. 33; SD LAMBERT, 1898, p. 165]
[=Lyclznidi/ls POMEL, 1883, p. 55 (type, N/lcleo
liles scrabic/llallls GOLDFUSS, 1826, p. 138); Pora
brisSlls LAMBERT, 1916, p. 169 (type, Ec/zino
brisSlls angllSlatllS 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. V.Crel.
(Celloman.-Maastric/zt.) , Eu.-Afr.-N.Am.--FIG.
403,3; 404.-1. ·N. minor DESOR, Senon., Fr.; 403,
3a,b, aboral, oral, X3; 404,4, amb V phyllode,
X15 (98).

Ochetes POMEL, 1883, p. 57 ['N/lcleoliles morrisii
FORBES, 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. Crel.( Alb..Cellomall.),
G.Brit.--FIG. 404,3; 405,1. '0. morrisii, Alb.:
404,3, amb 1II phyllode, X20; 405,la, lat., X2;
-105,1b,c, aboral, oral, X4 (98).

Rhyncholampas A. AGASSIZ, 1869, p. 270 ['Pygor-

© 2009 University of Kansas Paleontological Institute



Euechinoidea-AteLostomata-CassiduLoida U515

4b
Hysopygoster

2c
Rhynchopygus

40

:;.....::

--2b

""ftilcif(ial&lijfloli«iitohlilt.......IIl~~... ~ ,~, •

~' : :'... ..:::.:,,:.'
I •

Cossidulus 1c

lb

FIG. 403. Cassielulielae (p. U514-U515).

hYllclllls paciftws A. AGASSIZ, 1863, p. 27; SO
LA'lBERT, 1918, p. 41] [=Galerolampas COT
TEAU, 1889, p. 1 (type, G. soriglleti); PlagiopygllS
LA'lBERT, 1898, p. 162 (type, Nucleolites grig
1I0llensis DEFRANCE, 1825, p. 214); GisopygllS
GAUTHIER, 1889, p. 648 (type, RhylldlOpygllS
!lal·i/lei DE LORIOL, 1880, p. 29); PleuropygllS
LA'lBERT & THIERY, 1913 (110m. van. pro Plagio
pygllS); dllisopetalllS ARNOLD & CLARK, 1927,
p. 44 (type, A. ellipticllS)]. 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. Paleoc.-Rec., cosmop.--FIG. 404,
1; 406,1. *R. paciftclIS (A. AGASSIZ), Rec., N.Am.
(W.Coast); 40-1,1, amb II phyllode, X 10; 406,
la-c, aboral, lat., oral, Xl (98).

Rhynchopygus D'ORBIGNY, 1856, p. 323 [*Cassi
dulus marmilli L. AGASSIZ in AGASSIZ & DESOR,
18-17, p. 157; 00. M] [=?Paralampas DUNCAN &

SLADEN, 1882, p. 72 (type, P. pilellS); Procassi
dulllS LA'lBERT, 1918, p. 33 (type, Echinites lapis
canerl LESKE, 1778, p. 256)]. Small, greatest
width posterior to center, oral surface lIat, apical

SI',tem tetrabasal; ambulacral plates beyond petals
with single pores; periproct supramarginal, trans
'erse or longitudinal; bourrelets well eleveloped;
phylloele wiele, few pores. U.Cret.(Turoll.
Maastricht.), Eu.--FIG. 403,2; 404,5. *R. mar
mini (L. AGASSIZ), Maastricht., Neth.; 403,2a-c,

aboral, lat., oral, X2; 404,5, lIoscelle, 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. V.Cret.( Ceno
man.-Maastricht.}.
Clypeolampas PO'lEL, 1869, p. 25 [*Clypeaster

lcs/(ei GOLD FUSS, 1829, p. 132 (=*Galeriles Ol'atus
LA'lARCK, 1816, p. 22; 00, M] [=T'hylloclypellS
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FIG. 405. Cassidulidae (p. U514).

MARCK), Maastricht., Fr.; 407,1, amb HI phyllode,
X6; 408,la-c, aboral, oral, lat., X I (98).

Vologesia COTTEAU & GAUTHIER, 1895, p. 65 [·V.
tataosi; 00, M] [=Hungaresia SZORENYI, 1955,
p. 76 (type, H. IllIngarica); Pseudovulechinus
SZORENYI, 1955, p. 79 (type, P. rotundatus)] .
Apical system tetrabasal; floscelle moderately de
veloped; no large tubercles adapically. U.Cret.
(Cenoman.-Maastricllt.) , Eu.-Asia (lran).--FIG.
408,2. V. ovum (GRATELOUP), Senon., Switz.;
aboral, Xl (98) .
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DE 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
(lndia).--FIG. 407,1; 408,1. ·C. o/'atllS (LA-

FIG. 404. Cassidulidae (p. U514·U515).
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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. V.eret.
(Senon.)-Rec.

.•...
.....

FIG. 407. Clypeolampadidae (I'. U515-U516).

10

Rhyncholompus

FIG.4U6. Cassidulidae (I'. U515).

Pliolampas PO'IEL, 1888, p. 446 [OEchinolampas
gallthieri COTTEAU, 1880, p. 446; OD, M]
[=Breynella GREGORY, 1891, p. 600 (type,
Pygorhynchlls vassalli WRIGHT, 1855, p. 271);
Milletia DUNCAN, 1891, p. 191 (type, Echino
lam pas elegantltlw COTTEAU, 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.--FIG.
409,3; 410,6. 0p. galtthieri (COTTEAU), Mio., Fr.;
409,3a,b, aboral, oral, X2; 410,6, amb Iphyllode,
X 15 (98). [=Plesiolampas PO'IEL, 1883 (non
DUNCAN & SLADEN, 1882) (type, Echillolampas
gallthieri COTTEAU, 1880, M).]

Daradaster TESSIER, 1952, p. 295 [OD. perolli; 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 HAl'IE, 1853, p. 213 [OE. morrisi; OD,
M] [=Ral'enelia MCCRADY. 1859, p. 283 (type,
PygorhYllclllls mgosa RA\'E:<EL, 1848, p. 4)].
Elongate, low, oral side flattened; petals equal,
broad; periproct supramarginal: peristome higher
than wide; bourrelets strongly developed. Paleoe-
Eoc., Asia(lndia)-Eu.-.·\fr.-N..-\m.--FIG. 409,2;
itO,!. °E. morrisi, Palene., India; i09..?a,/o. aboral.
oral. Xl; iIO,I, amb III ph"lIode, XIO (98).
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FIG. 408. Clypeolampadidae (p. U515-U516).

Gitolampas GAUTHIER, 1889, p. 98 [·Pliolampas
t/metana GAUTHIER, 1889, p. 99; OD, M]
[=Bothriolampas GAUTHIER, 1899, p. 652 (obj.);
Gitolampopsis CHECCHIA-RISPOLI, 1921, p. 18
(type, Gitolampas lamberti CHECCHIA-RtsPOLI,
1921, p. 18); Eel/antfllls COOKE, 1942, p. 37 (type,
Echit'antfllls georgiensis TWITCHELL, 1915, p.
139)]. Poriferous zones of same petal of equal
length; periproct marginal, longitudinal; peristome
transverse; bourrelets well developed; phyllodes
broad. U.Cret.( Selloll.)-Mio., Eu.-Afr.-N.Am.-Asia
(India).--FIG. 409,1; 410,3. ·G. tunetalla
(GAUTHIER), Campan., Tunisia; 409,la-c, oral,
aboral, lat., X 1.5; 410,3, amb 11 phyllode, X 15
(98).

Ilarionia DAMES, 1878, p. 34 [.Eelu'llalltlws beg
giatoi LAUBE, 1868, p. 22; OD, M]. Inflated, with
steep sides, oral side flat; petals closed, narrow

poriferous 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(lndia)-Afr.--FIG. 409,
4. ·1. beggiatoi (LAUBE), Italy; 4a-c, aboral, oral,
lat., X I (98).

Kephrenia FOURTAU, 1909, p. 138 [·K. lorioli;
OD]. Petals closed, narrow poriferous zones;
periproct marginal, transverse; peristome higher
than wide. Eoc., Egypt.--FIG. 409,5. ·K. lorioli;
5a-d, oral, aboral, lat., post., X2 (98).

Neocatopygus DUNCAN & SLADEN, 1882, p. 76 [·N.
/'OtlllldllS; OD, M]. Broad, highly inflated; peri
proct inframarginal; bourrelets well developed;
phyllodes widened; no naked sternal region.
Paleoc., India.--FIG. 410,5; 411,1. ·N. /'Ot/mdllS;
410,5, amb I phyllode, X15; 411,la-c, aboral,
oral, lat., X I (98).
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Pseudopygaulus COQUAND, 1862, pI. 31 (expl.)
[*CafopygliS frigeJ'i COQUAND, 1862, p. 274; 00,
M] [=Eolampas DUNCAN & SLADEN, 1882, p. 61
(type, E. anteclirsor); Ottiliasfer PENECKE, 1885,

p. 350 (type, O. p/lSill/lS); Pefalasfer COTTEAU,
1885, p. 330 (type, P. maresi)]. Inflated; ambula
crum III not petaloid; periproct inframarginal,
transverse; bourrelets slightly developed. Paleoe--
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FIG. 409. Pliolampadidae (p. U517-U518).
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FIG. 410. Pliolampadidae (p. U517-U520, U522).

Eoe., Eu.(Fr.-Aus.)-Afr.-Asia(India).--FIG. 410,
2; 4Il,2. ·P. trigeri (COQUAND), Eoc., Tunisia;
410,2, amb I phyllode, X15; 411,2a-e, aboral,
oral, lat., X 2 (98).

Santeelampas COOKE, 1959, p. 61 [·Catopyglls ol,i
formis CONRAD, 1850, p. 39; OD]. Apical system
very eccentric anteriorly; petals straight, narrow;
periproct marginal, longitudinal; no naked zone
in interambulacrum, 5 adorally. M.Eoe., N.Am.
--FIG. 4Il.5. ·5. ol'iformis (CONRAD), USA
(S.Car.); 5a-e, aboral, oral, lat., Xl (98).

Studeria DUNCAN, 1891, p. 185 [·CatopygllS ele
gans LAUBE, 1869, p. 8; OD, M] [=Tristoman
tltllS BITTNER, 1892, p. 355 (type, Nucleolites sub
earinatllS GOLDFUSS, 1826, p. 142); Pltaleropyglls
DE LORIOL, 1902, p. 15 (type, P. oppenlteimi);
Hypselolampas CLARK, 1917, p. 104 (type, Stu
deria reeens A. AGASSIZ, 1879, p. 204)]. Apical
system with 3 genital pores; no pore in left an
terior genital plate; petals long, straight, open,
adjacent pore pairs widely spaced; periproct mar
ginal, longitudinal; bourrelets very strongly devel.
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FIG. 411. Pliolampadidae (p. U517-U520, U522).
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FIG. 413. Apatopygidae (1); Family Uncertain (2)
(p. V522).

Family UNCERTAIN
Astropygaulus CHECCHIA-RISPOLl, 1945, p. 2 [*A.

IrigonopygllS; 00, M]. Low, wide; closed petals;
peristome oblique; based on one fragment. U.
Cret., Afr.

Centropygus EBRAY, 1858, p. 483 [*Antmpygtts
glletiniCIIs EBRAY, 1859, p. 759; SM EBRAY, 1859,
p. 759] [=CentroclypllS EBRAY, 1858 (nom.
17l1ll.)]. Similar to HyboclYPlIs but differing in
having smaller oculars II and IV; never figured.
jllr., Eu. [=AntropygllS EBRAY, 1859 (nom.
nllll.) .]

Claviaster D'ORBIGNY, 1856, p. 281 [*Arc!Jiacia
corn lila L. AGASSIZ, 1847, p. 101; 00] [=?Passal
aSler POMEL, 1883 (type, Claviasler costalllS
POMEL, 1883)]. Aboral surface highly inflated;
oral surface unknown. V.Crel., Afr.-Eu.(Fr.).-
FIG. 413,2. *c. cornlllllS (L. AGASSIZ), Egypt; lat.,
X2 (98).

Clypeanthus COTTEAU, 1894, p. 354 [*Toxaster
penlagonalis FRAAS, 1878, p. 93; 00, M]. Small,
subcircular, slight anterior groove; apical system
central; petal III short, pores conjugate; peristome
anterior; periproct marginal, higher than wide;
f10scelle unknown. Cret., Lebanon.

1b

'.,
, Zuffordia

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 [*Nllcleolites
"eans EDWARDS, 1836; 00]. Characters of fam
i"'- V.Terl.-Rec., .Z.-Australia.--FIG. 413,1 .
• .4.. ream (EDWARDS), Rec., N.Z.; la,b, aboral.
oral, Xl; 1c, ambo IV phyllode, X 6 (98).

FIG. 412. Pliolampadidae (p. V522).

oped; phyllodes slightly widened. Oligo.-Rec., Eu.
Afr.-Australia.--FIG. 411,3. *S. SIIbcarinalllS
(GOLDFUSS), Oligo., ?Ger.; 3a-d, aboral, oral, lat.,
post., X 1.5 (98).

Termieria LAMBERT, 1931, p. 30 [*T. Iletlrici;
00]. Small, apical system monobasal; petals
broad, unequal, petal III short, periproct infra
marginal, round; bourrelets and phyllodes slightly
developed. V.Crel.( Maaslric!Jt.), Morocco.--FIG.
410,4; 411,4. *T. henrici; 410,4, amb III phyllode,
X 21; 411 ,4a-c, aboral, oral, lat., X 3 (98).

Zuflardia CHECCHIA-RISPOLl, 1917, p. 492 [*Psell
docalopyglls sanfilippoi CHECCHIA-RISPOLl, 1914,
p. 5; 00]. Medium-sized, highly inflated; apical
system monobasal; petals well developed; periproct
marginal, longitudinal; peristome higher than
wide; bourrelets well developed. V.Crel.( Senon.) ,
Afr.--FIG. 410,7; 412,1. *Z. sanfilippoi
(CHECCHIA-RISPOLl), Tripoli; 410,7, amb IV
phyllode, X8, 412,la-c, aboral, oral, post., X I
(98).
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[Echinanthopsis MUNIER-CHALMAS, 1889 (nom.
nud.)] .

Echinanthus LESKE, 1778, p. 121 [*E. ol'atus LESKE
(op. cit., p. 127); SO KIER, 1962, p. 226]. LESKE'S
figure is 100 poor to permit determination of char
acters of the species. Rec., loc. uncertain.

]olyc1ypus LAMBERT, 1918, p. 26 [*Galeropygus
jolyi GAUTHIER, 1898, p. 836; 00]. Small, elon
gate; apical system tetrabasal, in contact with
periproct; ambulacral arrangement and floscelle
not clear. Probably related to Galeropygus. Age
uncertain, Eu.(Fr.).

Lovenilampas MAURY, 1934a, p. 3 [*LOI·enia haixa-

doleitensis MAURY, 1934b, p. 156; 00]. Based
on fragment of an external cast of the peristomial
region. V.Cret., Brazil.

Ovulechinus LAMBERT, 1920, p. 148 [*0. pilllla;
00]. Based on 2 very poorly preserved and prob
ably immature specimens; impossible to deter
mine generic characters of this species from these
specimens. V.Cret., Fr. [Transfer from p. U448.]

Platipygus DE LORIOL, 1902, p. 17 [*Cyrtoma
posthllmum ORTMANN, 1901, p. 369; 00, M].
Large, low; petals equal, broad, closed; periproct
supramarginal, notched; bourrelets strongly devel
oped; phyllodes unknown. Mio., S.Am.

HOLASTEROIDS

By CAROL D. WAGNER and J. WYATT DURHAM
[University of California (Berkeley)]

INTRODUCTION
Echinoids of the order Holasteroida dis

play wide variation in development of most
major morphological characters. The adult
test ranges in size from very small 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 (e.g.,
Echinosigra) .

The apical system typically is elongate or
disjunct, with separation of anterior 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 I
and V (genital plate 5 invariably absent).
A series of catenal plates 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 elongate apical system
in which the large oculars II and IV meet
at the mid-line, separating genital plates 2
and 3 from 1 and 4. In the families Urechi
nidae and Calymnidae the apical system
is similar to that of the Holasteridae, but
only three, or rarely two, genital pores may
occur, rather than the usual four. The apical
system in the Pourtalesiidae 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 three 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.

Dissimilarity between ambulacrum III
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 floscelle.

The interambulacra display some distinct
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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pIe 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 between the double
columns finally producing a single column
~ade up of alternate plates from the orig
mal 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
jnterambulacra, the first post-primordial
plates may be single (meridoplacous) or
double (amphiplacous).

The periproct may be marginal, supra
marginal, or inframarginal. In most holas
teroids it is situated on the usually truncate
posterior end of the test. Interambulacrum
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
cavity.

The peristome is usually central or an
terior on the underside of the test and may
be more 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.

Primary tubercles are usually more or
less uniformly developed 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 distinct pattern
but in none regularly arranged over the en
tire corona, as in the Holectypoida. Most
living species have more or less uniform,
slender spines with evenly rounded or spatu
late tips. A subanal fasciole is common in
the Holasteridae, Urechinidae, and Pour
talesiidae, and an ambulacral or peripetal
ous fasciole in the Somaliasteridae. Pedi
cellariae, observed in various living forms,
have been described in detail by AGASSIZ
(1881) and MORTENSEN (1907).

Earliest known representatives of the
order are recorded from the Lower Jurassic,

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 into the Tertiary, attaining al
most worldwide distribution; only one liv
ing genus (Stereopneustes) , found in the
Indo-Pacific region, is known. The Stenon
asteridae are recorded from Cretaceous of
the Mediterranean region. The Somaliasteri
dae are known from the Cretaceous and
Paleocene of Iran and Somalia. The remain
ing three families appear to be most closely
related to the Holasteridae; the Urechinidae
first appear in the Miocene and have wide
distribution in present seas; the Calymnidae
and Pourtalesiidae are known only from the
Recent.

Most living representatives are deep-water
inhabitants with exceedingly 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 nature.

Detailed studies of groups within the
Holasteroida include those of BEURLEN,
1934, on the Collyritidae, A. AGASSIZ, 1881,
on the Pourtalesiidae, Urechinidae and
Calymnidae, T. MORTENSEN, 1907, on the
Pourtalesiidae, and LOVEN, 1883, on the
genus Pourtalesia.

Order HOLASTEROIDA
Durham & Melville, 1957

Apical system typically elongate or dis
junct, no genital 5; plastron feebly differ
entiated or meridosternous; petals not al
ways differentiated, paired petals typically
not impressed; no floscelle; apical system
and peristome may be opposite to one an
other; fascioles variable. L.Jur.-Rec.

Family COLLYRITIDAE d'Orbigny,
1853

Oculars 11 and IV juxtaposed; apical sys
tem disjunct; plastron protosternous. L.Jur.
L.Cret.
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FIG. 414. Collyritidae (p. U525-U527).

Collyrites DES"IOL"LI~S, 1835, p. 212 [.Anancllytes
ellipli,'a LA"ARCK, 1816, p. 318; OD]. Ambula
cral pores crowded adoraJly, may be arranged in
triads; anteroapical system central or posterior,
ocu lars I and V near poslerior 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. /ur.( Batlzon.
Tii/lOn.), Eu.-N.Afr.--FIG. 414,4. ·C. elliplica
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FIG. 415. Disasteridae (p. V527-V528).

(LAMARCK), Bathon., Fr.; 4a, apical, XO.7; 4b,
adoral, enlarged; 4c, apical system, enlarged (27b).

Cardiopelta POMEL, 1883, p. 50 [o,Collyrites trig
onalis DESOR in DESOR & DE LORIOL, 1872; SD
SAVIN, 1903, p. 50]. Test as in Collyrites except
outline cordate, catenal plates connecting amero
apical system, and posterior oculars rudimentary
or lacking. V.Jllr. (Callo/·.)-L. Cret. (Va/angin.),
Eu.

Cydolampas Po" EL, 1883, p. 51 [o, Disaster vo/tzii
AGASSIZ, 1839, p. 8; SD LAMBERT & THIERY, 1924,
p. 391]. Ambulacra faintly petaloid, pores small,
round; adorally pores increa'se in abundance, ar
ranged in oblique series of 3; anteroapical sys
tem central or slightly posterior, oculars 1 and V
at posterior end of test; periproct not contiguous
to oculars, may be inframarginal. V.fllr.( Callo/'.
TitllOlI.), Eu.--FIG. 414,6. o,c. /'o/tzii (AGASSIZ),

Oxford., Switz.; 6a-c, apical, lat., oral, X I (186).
Grasia MICHELIN, 1854, p. 439 [o,HyboclYPlIs e/on

gata GRAS, 1852, p. 49; aD]. Test subcylindrical,
posteriorly concave; ambulacral pores slightly un
equal; anteroapical system near anterior end o~

test; periproct large, not contiguous to oculars,
in deep groove; peristome distinctly sunken, slight
ly elongate along 1lI-5 axis. V.Jur.( Oxford.), Fr.
--FIG. 414,5. o,G. e/ongata (GRAS); 5a,b, aboral,
lat., XO.7 (27b).

Orbignyana EBRAY, 1860, p. 56 [o,Collyrites ebrayi
COTTEAU, 1873, p. 168; SD LAMBERT & THIERY,
1924, p. 389] [=SpatoclyplIS POMEL, 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 between apical poles not great; peri-
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proct contiguous with posterior oculars, at ad
apical end of deep groove; peristome distinctly
sunken. M.JUI·.( Bajoc.-Bathon.} , Eu.(Fr.-Cauca
suS).--FIG. 414,3. *0. ebrayi (COTTEAU), Bajoc.,
Fr.; 3a, aboral, X 1.5; 3b, apical system, enlarged
(27b).

Proholaster GAUTHIER, 1896, p. 17 [*P. auberti;
aD]. Ambulacrum III depressed, sternum slightly
raised; petals unequally developed, pores of am
bulacrum III small, round; paired ambulacra with
larger, transversely oval, oblique pores; antero
apical system central, posterior oculars subcentral;
no complemental plates; periproct on truncate
posterior face, relationship to posterior oculars un
known, peristome anterior. V.Jur.(Tithon.},
Tunisia.

Pygomalus POMEL, 1883, p. 51 [*Spatangites ovalis
LESKE, 1778, p. 253; SD BUERLEN, 1934, p. 65
(Zool. Code, 1961, Art. 69a, iv)]. Aboral side
highly inflated; anteroapical system anterior,
without complemental plates, oculars I and V near
posterior margin; periproct contiguous to oculars,
not in groove; peristome anterior, rounded; tuber
cles somewhat larger on oral side, sternum in
cipient. Jur.( Sinemur.-Oxford.}, Eu.--FIG. 414,
1. *P. ovalis (LESKE), Bathon., Fr.; 1a,b, apical,
lat., Xl (186); 1c, apical system, enlarged (27b).

Pygorhytis POMEL, 1883, p. 50 [*Disaster ringens
AGASSIZ, 1836, p. 183; SD LAMBERT & THIERY,
1924, p. 390]. Oculars I and V more posterior
than in Orbignyana; periproct contiguous with
posterior oculars, in faint groove; anteroapical sys
tem central or slightly posterior, complemental
plates present or absent. Jur.( Bajoc.-Oxford.}, Eu.
(Fr.-Caucasus).--FIG. 414,2. *P. ringens
(AGASSIZ), Bajoc., Switz. (2a-c), Fr. (2d,e);
2a-c, apical, lat., post., Xl (186); 2d, anteroapical
system, enlarged (27b); 2e, oral, Xl (27b).

Family DISASTERIDAE A. Gras, 1848

Oculars II and IV separated by genital 2;
apical system disjunct; plastron protostern
ous. M.Jur.-L.Cret.
Disaster AGASSIZ, 1836, p. 16 [*Nucleolites granu

loms GOLDFUSS, 1826, p. 138; SD DESOR, 1858, p.
201] [=Dysaster AGASSIZ, 1839, p. 95 (nom.
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, oval, not in groove, contiguous to
oculars. V.Jur.(Bathon.}-L.Cret.(Neocom.}, Eu.-N.
Afr.--FIG. 415,2. *D. granuloms (GOLDFUSS),
U.Jur.(Oxford.), Fr. (2a), U.Jur.(Kimmeridg.),
Fr. (2b); 2a, aboral, Xl; 2b, ant. apical system,
enlarged (27b).

Acrolusia LAMBERT, 1920, p. 13 [*A. gallthieri;
aD]. Only known specimen incomplete; apparent
ly closely related to MelaporinllS but elongate pores
present in all ambulacra. L.Crel.(Neocom.}, Alg.

Cardiolampas POMEL, 1883, p. 50 [*Collyrites fri
burgensis OOSTER, 1865, p. 55; SD GAUTHIER,
1896, p. 21]. Test cordate, aboral side may have
median keel; ambulacrum III deeply sunken; an
teroapical system slightly anterior, widely sep
arated from posterior oculars; periproct infra
marginal, transversely elongate, not contiguous to
oculars; peristome transversely elongate, near an
terior edge. V.Jllr.(Tithon.}, Eu.-N.Afr.--FIG.
415,1. *C. friburgensis (OOSTER), Oxford., Fr.;
1a-c, oral, lat., apical, XO.7 (27b).

Collyropsis GAUTHIER, 1896, p. 22 [*Spalangiles
carinatlls LESKE, 1778, p. 245; SD LAMBERT
& THIERY, 1924, p. 392][=Procollyropsis BEUR
LEN, 1934, p. 129 (type, Disaster plalypygllS
QUEKSTEDT, 1874, p. 565)]. Test heart-shaped,
aboral side highly inflated, may be keeled, ster
num slightly raised; ambulacral pores small,
posterior petals somewhat broader than anterior;
anteroapical system anterior, genital plates con
tiguous, oculars small; oculars I and V posterior,
no complemental plates; periproct on posterior end
of test, not contiguous to oculars; peristome an
terior. V.Jllr.(Callov.}-L.Cret.(Valangin.}, Eu.

Corthya POMEL, 1883, p. 51 [*Disaster hemisphaeri
CllS GRAS, 1848, p. 66; aD]. Oral side slightly
concave, sternum raised; ambulacral pores very
small, indistinct; ambulacral plates nearly as high
as interambulacral plates; anteroapical system cen
tral, posterior oculars posterior; periproct infra
marginal; peristome anterior, transversely elongate.
L.Crel.(Neocom.} , Fr.--FIG. 415,4. *C. hemi
sphaerica (GRAS); 4a,b, aboral, oral, Xl (142).

Dialyaster POMEL, 1883, p. 46 [*MetaporinllS guey
mardi GRAS, 1848, p. 69; aD]. Like Metaporinlls
except narrower, more elongate and lower; antero
apical system closer to posterior oculars; periproct
in deep groove continuing onto oral side; margin
of plastron raised to form prominent keels. L.Crel.
(Valangin.), Fr.

Metaporinus AGASSIZ, 1844, p. 730 [*M. michelini;
aD] [=Metaporhinus MICHELIN, 1847 (nom.
null.); Thesaporhinus EBRAY, 1859 (nom. nud.),
Thecaporinlls EBRAY, 1859 (nom. nllll.); Pe"ioxus
POMEL, 1883, p. 49 (type, Collyriles censoriensis
COTTEAU, 1849-56, p. 262)]. Test high, slightly
elongate, slight frontal depression; paired ambula
cra with elongate, comma-shaped pores, ambula
crum III with small, round pores; posterior am
bulacra concave frontally; anteroapical system close
to anterior margin, oculars I and V close to pos
terior margin, no complemental plates; periproct
not contiguous with oculars; peristome anterior,
transversely elongate, not sunken. V.Jur.( Oxford.},
Eu.--FIG. 415,3. *M. michelini, Oxford., Fr.;
3a-c, apical, lat., oral, XO.7 (27b).
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Oustechinus LAMBERT, 1931, p. 92 ["0. bassae;
OD]. Test small, cordate; ambulacra of high
hexagonal plates, pores small, round; anteroapical
system 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 narrow, elongate. V.lt/r., Tunisia.

Tithonia POMEL, 1883, p. 49 ["Nt/cleolites convexus
CATULLO, 1827, p. 28; OD]. Test as in Meta
porimtS except petals of bivium convex irontally,
their adapical tips pointing backward; periproct
closer to posterior oculars; ambulacrum III not
conspicuously different from paired petals. M.lt/r.
(Eathon.)-L.Cret.(Neocom.), Eu.-N.Afr.--FIG.
415,5. "T. convextts (CATULLO), Neocom., Fr.;
5a,b, apical, lat., X I; 5c, apical system, enlarged
(27b).

Family HOLASTERIDAE Pictet, 1857

Plastron meridosternous; oculars II and
IV juxtaposed; ambulacra with double
pores; interambulacra typically amphiplac
ous; apical system not disjunct. [Subfamilies
Holasterinae (MORTENSEN, 1950) and Steg
asterinae (LAMBERT, 1917) not recognized.]
L.Cret.-Rec.
Holaster AGASSIZ, 1836, p. 183 ["Spatangus nodu

lOUIS GOLD FUSS, 1829, p. 149; SD SAVIN, 1905,
p. 26] [=Holasteropsis ELBERT, 1902, p. 115
(type, H. eredneriana); Ananchotht/ria FOSSA
MANCINI, 1919, p. 3 (type, A. tesse/ata)]. Outline
cordate, interambulacrum 5 raised orally; ambula
crum III nonpetaloid, pores small, paired ambula
cra subpetaloid, pores elongate, not conjugate;
apical system central, elongate; periproct on trun
cate posterior end; plastron meridosternous; peri
stome anterior, semicircular, usually not labiate;
no fascioles. L.Cret.(Valangin.)-Paleog.(Eoc.) ,
cosmop.--FIG. 416,5. "H. nodt/lost/s (GOLD
FUSS), U.Cret.(Cenoman.), Fr.; 5a-c, apical, oral,
post., XO.7 (142).

Aurelianaster LAMBERT & THIERY, 1925, p. 589
["Leiocorys valettei LAMBERT in VALLETTE, 1913,
p. 9; OD] [=Leiocorys LHIBERT in VALLETTE,
1913, p. 8 (obj.); Vallettaster LAMBERT & THIERY,
1924, p. 405 (obj.)]. Test as in Sternotaxis except
ambulacral pores microscopical, round, those of
ambulacrum III smaller than in paired ambulacra.
V.Cret.(Tt/ron.), Fr.

Basseaster LAMBERT, 1936, p. 23 ["E. rostratus;
OD]. Small, faintly cordate; ambulacra non
petaloid, plates high, pores microscopical; ambula
crum 111 apparently with single pores; apical system
?fused, 4 genital pores; plastron unknown, labrum
large; ?anal fasciole. V.Cret.( Maastricht.), Madag.

Cardiaster FORBES, 1850, p. 422 ["SpatangtlS cordi
form is WOODWARD, 1853, p. 50 (="S. granllioms

GOLDFUSS, 1826, p. 148); OD]. Test cordate;
ambulacrum 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, slightly labiate;
a marginal fasciole passing under periproct. V .Cret.
(Cenoman.-Senon.), ?Tert., cosmop.(nearly world
wide).--FIG. 416,4. "c. grant/loms (GOLD
FUSS), Cenoman., Eng.; 4a,b, apical, oral, XO.5
(l91b).

Cardiotaxis LAMBERT, 1917, p. 25 ["Cardiaster
peroni LAMBERT, 1887, p. 268; OD]. Like Cardi_
aster except plastron with regular series of single
plates. V.Cret.(Turon.-Senon.), Eu.

Cibaster POMEL, 1883, p. 48 ["Cardiaster bourgeoi
san liS D'ORBIGNY, 1853, p. 129; SD LAMBERT,
1892, p. 96]. Ambulacra not depressed, pores
small, round, those of ambulacrum 111 slightly
smaller; apical system elongate, 4 genital pores;
peristome not labiate; periproct above marginal
fasciole. V.O·et.( Santon.-Senon.), Fr.--FIG. 416,
6. "C. bourgeoisant/s (D'ORBIGNY), Senon.; 6a,b,
aboral, post., X I; 6c, apical system, enlarged
(142).

Duncaniaster LAMBERT, 1896, p. 317 ["Holaster
at/straliae DUNCAN, 1887, p. 51; OD]. Ambulacra
petaloid, slightly sunken on 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. alls
traliae (DUNCAN); la,b, aboral, oral, XO.7 (15).

Echinocorys LESKE, 1778, p. 175 ["E. sctltatt/s
(=E. vlligaris BREYNIUS, 1732, pre-Linnean, cited
by LESKE, p. 177, as synonym of E. scutatus); SD
LAMBERT, 1898, p. 179] [=Echinocorytes LESKE,
1778, p. 178 (obj.); Anancllites LAMARCK, 1801,
p. 347 (=Ananchytes LAMARCK, 1816, p. 23
(type, A.ovatus); GaleaSMITH, 1817, p.21 (obj.);
Oolaster LAUBE, 1869, p. 451 (type, O. mattseen
sis); Spatagoides BAYLE, 1878, p. 152 (obj.);
Corct/illm POMEL, 1883, p. 48 (type, Anachytes
corct/illm GOLDFUSS, 1826, p. 147)]. Subconical
aborally; ambulacra nonpetaloid; pores round or
outer pore slightly elongate, near center of plates;
periproct inframarginal; no labrum; no fascioles.
V. Cret.(Turon.)-Paleog.( Dan.), Eu.-Asia Minor
Madag.-N.Am.--FIG. 416,8. "E. sClltatus, Senon.,
Eng.; 8a,b, oral, lat., X 0.7; 8c, apical system, en
larged (173). [=Galeola QUENSTEDT, 1874, p. 585
(type, G. papillosa, p. 595; OD).]

Entomaster GAUTHIER, 1888, p. 532 ["E. rotlSseli;
OD]. Like Guetarria except oculars 11 and IV
with supplemental genital pores; peristome more
anterior, transversely elongate; large tubercles
scattered on aboral surface; no marginal fasciole.
V.Cret.( Senon.), Alg.--FIG. 416,9. "E. l'Ot/sseli;
view of peristome, X2 (136h).
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Galeaster SEUNES, 1889, p. 821 [*G. bertrandi;
00]. Like Stegaster but globular, keeled posterior
ly; plates of ambulacrum III lower, pores crowded;
plastron narrower, sharply raised. V.Cret.
(Campan.). Fr.--FIG. 416,7. *G. be1'trandi;
lat., Xl (219b).

Ganbirretia GAUTHIER, 1903, p. 19 [*G. dot/l'illei;
00]. Ambulacra similar, not sunken, nonpetaloid,
plates high, pores small, round; ocular plates II
and IV large; large crenulate tubercles scattered
over aboral side; Ina fascioles. Paleog.( Dan.),
Pyrenees.--FIG. 416,3. *G. dotlt,illei; aboral,
X 0.67 (195c).

Garumnaster LAMBERT, 1907, p. 718 [*G. michal
eti; 00]. Test small, elongate posteriorly; sternum
raised to form rostrum; ambulacra similar, non
petaloid, pores in center of plates; indistinct sub
anal fasciole. Paleog.(Dan.), Fr.--FIG. 416,2.
*G. michaleti; aboral, X 1.3 (203c).

Guettaria GAUTHIER, 1888, p. 532 [*G. angladei;
00]. 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 series larger, elongate;
ocular plates II and IV each with 2 supplemental
genital pores; plastron orthosternous; marginal
fasciole. V. Cret. (Cenoman. - Senon.). N. Afr.
Madag.; Senon., Timor.--FIG. 417,8. *G. an
gladei, Senon., Alg.; 8a,b, aboral, oral, XO.7; 8c,
apical system, X 2 (136h).

Hagenowia DUNCAN, 1889, p. 210 [*Cardiaster
rostratus FORBES, 1852, p. 3; 00] [=Martino
sigra NIELSON, 1942, p. 163 (obj.); Hagenovia
GREGORY, 1900, p. 321 (nom. null.)]. Similar
to Infulaster but with vertex forming slender
rostrum; apical system at vertex, genital pores in
genital plates 2 and 4; ambulacrum 11l sharply
sunken, plates high. V.Cret.( Santon.-Campan.),
N.Eu.--FIG. 417,3. *H. rostrata (FORBES),
Santon., Eng.; 3a, oblique lat., Xl (211b); 3b.
apical system (expanded), X 10 (225).

Hemipneustes AGASSIZ, 1836, p. 183 [*Spatangus
radiatus LAMARCK, 1840, p. 331 (=*Spatangus
striatoradiatus LESKE, 1778, p. 234); 00]. Am
bulacrum III sunken, pores small, round; paired
ambulaera subpetaloid, anterior pore series small,
round, posterior pore series with inner pore small,
round, and outer pore elongate; peristome semi
lunar, labrum well marked; prominent phyllodes;
plastron of large, cuneiform, alternating plates; no
fascioles. V.Cret.( Senon.-Maastricht.). Eu.-N.Afr.
Madag.-India.--FIG. 417,1. *H. striatoradiatus
(LESKE), Senon., Fr.; la,b, aboral, oral, XO.5
(142).

Infulaster DESOR, 1858, p. 347 [*Cardiaster hagen
owi D'ORBIGNY, 1853, p. 143 (=*Spatangus ex
centricus WOODWARD, 1833, p. 37); SO LAMBERT,
1917, p. 29]. Conical, vertex anterior; ambula
crum III sharply depressed, ambulaera nonpetaloid,
pores minute; periproct, at top of posterior con-

cavity; peristome anterior; plastron metasternal;
marginal fasciole. U.Cret.(Turon.-Coniac.) , Eu.
--FIG. 417,4. *1. excentrictlS (WOODWARD),
Turon., Ger.; 4a-c, oral, lat., frontal, Xl (142).

Ismidaster BOEHM, 1927, p. 194 [*1. toulai; 00].
Like Ec!linocorys except ambulaera subpetaloid,
pores conjugate. V.Cret.( Senon.), Asia Minor.

Jeronia SEUNES, 1888, p. 809 [* j. pyrenaica; 00].
Large, posterior end pointed; ambulacra similar,
not sunken, nonpetaloid; 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; peristome deeply sunken; plastron nar
row; no fascioles. Paleog.(Dan.) , Pyrenees.-
FIG. 417,5. *j. pyrenaica; aboral, XO.7 (219a).

Labrotaxis CASEY, 1960, p. 260 [*Holaster (Labro
taxis) cantianus; 00]. Like Holaster except
plastron primitive meridosternous, almost pro
tosternous. Cret. ( Alb.-Cenoman.), Eu. -- FIG.
417.7. *L. cantianus (CASEY), Alb., Eng.; oral,
X 0.6 (179a).

Lampadaster COTTEAU, 1889, p. 87 [*L. grandi
dieri; 00]. Large, aboral side subconical; ambula
crum III sunken: paired ambulacra subpetaloid,
ou ter 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; no fascioles. V.Cret.( Senon.), Madag.-
FIG. 417,2. *L. grandidieri; aboral, XO.4 (203a).

Lampadocorys POMEL, 1883, p. 46 [*Holaster sul
caltlS COTTEAU, 1873, p. 170; 00]. Highly in
flated aborally; ambulacrum III deeply sunken
adorally, all pore zones alike, outer pore elongate,
inner pore round; plates of plastron low, regu
larly alternating; no fascioles. V.Cret.( Cenoman.
Senon.), Eu. (Fr.-Italy )-N.Afr.--FIG. 417,6. *L.
sulcatus (COTTEAU), Cenoman., Alg.; 6a,b, lat.,
oral, Xl (26).

Messaoudia LAMBERT, 1917, p. 4 [*Holaster pyri
formis PERON & GAUTHIER, 1878, p. 87; 00].
Similar to ZumotJenia but smaller and higher,
and both ambulacral pores round. V.Cret.
(Cenoman.), Alg.

Offaster DESOR, 1858, p. 333 [*Ananchytes pilula
LAMARCK, 1816, p. 27; SO QUENSTEDT, 1874, p.
606]. Test small, subglobular; ambulacra alike,
not depressed, nonpetaloid, plates high, pores
small, round; periproct above marginal fasciole.
V. Cret. (Campan.)-Paleag. (Dan.). Eu. -- FIG.
418,1. *0. pilula (LAMARCK), Senon., Fr.; la-c,
aboral, oral, lat., Xl (142).

Opisopneustes GAUTHIER, 1889, p. 2 [*0. cossani;
00]. Ambulacrum III deeply sunken, pores small,
round, obliquely arranged, pores of each pair sep
arated by granule; paired ambulacra petaloid,
curved, anterior. series of pores small, round, equal,
posterior series with inner pore round, oUIer pore
elongate; periproct in deep depression; peristome
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FIG. i 18. Holasteritlae (p. U530, U533).
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anterior, broad, labrum prominent; large scrobicu
late tubercles on each side of ambulacrum III,
similar large tubercles at mid-line of other inter
ambulacra; marginal fasciole. U.Cret.( 5enon.),
Tunisia.--FIG. 418,8. *0. cossoni; 8a,b, aboral,
lat., XO.7 (66).

Paronaster AIRAGHI, 1906, p. 107 [*P. ettpltliformis;
OD]. Test large, cordate, apical area sharply
raised; ambulacrum III narrower than paired am
bulacra, pores of outer series transversely elongate;
peristome anterior, labiate; fascioles unknown.
Cret., Italy.--FIG. 418,9. *P. ettpltliformis; ab
oral, XO.5 (176).

Pseudananchys POMEL, 1883, p. 45 [*Ananchytes
algiris COQUAND, 1862, p. 240; OD] [=Cragin
aster LAMBERT, 1903, p. 219 (type, Holaster com
pieta CRAGIN, 1893, p. 155)]. Like Echinocorys
except pores of ambulacra transversely elongate,
outer pore longest, ambulacral plates lower; peri
stome may be labiate. Cret.( Aib.-5enon.), Medit.
Iran.

Pseudholaster POMEL, 1883, p. 45 [*Hoiaster bi
carinatlts AGASSIZ, 1847, p. 29; SD LAMBERT,
1917, p. 20]. Test large, as in Hoiaster except
outer pores of posterior series of petals transversely
elongate, petals broad; ambulacrum III deeply
sunken, adjoining interambulacra forming sharp
keels. Cre/.{ Apt.-5enon.), Medit.-Madag.--FIG.
418,6. *P. bicarinatttS (AGASSIZ), Senon., Fr.; 6a,b,
apical, oral, X 0.5 (142).

Pseudoffaster LAMBERT, 1924, p. 413 [*Holaster
caltcasiclts DRU, 1884, p. 63; OD]. Small; am
bulacrum III deeply depressed adorally, pores small,
round; pores of paired ambulacra larger, sub
elliptical; plastron unknown; some larger, scrobi
culate tubercles orally and on ambulacrum III;
marginal fasciole. U.Cret.( Maastric!u.} , Spain
Caucasus.--FIG. 418,2. *P. caltcasietts (DRU),
Caucasus; 2a.b, oral, frontal, X 1.5 (188).

Rispolia LAMBERT, 1917, p. 27 [*Nltcleoiites wb
trigonatlts CATULLO, 1827, p. 226; OD]. Ambula
crum III sunken, 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. -- FIG. 418,3.
*R. wbtrigonata (CATULLO), Campan., Tunisia;
3a-c, aboral, oral, lat., Xl (l95b).

Scagliaster MUNIER-CHALMAS, 1891, p. 11 [*Anan
chytes concavttS CATULLO, 1827, p. 6; OD]. Like
Echinocorys except ambulacrum III sunken; some
larger tubercles above ambitus; aboral side low,
arched, orally Rat or concave; U.Cret., Italy.

Stegaster POMEL, 1883, p. 48 [*Cardiaster gillieroni
DE LORIOL, 1873, p. 4; OD] [=5eltnaster LAM
BERT in BLAYAC, 1912, p. 385 (type, Holaster
boltillei COTTEAU in DE BOVILLE, 1873, p. 24);
5ynochitis LAMBERT, 1917, p. 30]. Ambula
era nonpetaloid, plates fairly high, pore pairs
at adoral center of plates, ambulacrum III deeply
sunken; peristome at end of deep frontal sulcus;

plastron ?orthosternous; no fascioles. U.Cret.
(5enon.), Eu.-N.Afr.-Madag.--FIG. 418,4a. *5.
gillieroni (DE LORIOL), Switz.; lat., Xl (119).
--FIG. 418,4b.c. 5. cottealti SEUNES, Fr.; aboral,
lat., X 0.7 (219b).

Stereopneustes DE MEIJERE, 1902, p. 9 [*5. relictus;
OD]. Ambulacra not sunken, ambulacrum III
narrower than paired ambulacra; pores equal,
obliquely arranged in ambulacrum III; labrum
not well developed; phyllodes distinct; subanal
fasciole; globiferous, tridentate, ophicephalous, and
triphyllous pedicellariae. Rec.• Japan-E.Indies.-
FIG. 418,5. *5. relictlts, E.Indies; 5a,b, oral, lat.,
XO.7 (5a, 136h; 5b, 208).

Sternotaxis LAMBERT, 1893, p. 95 [*5patangttS
planItS MANTELL, 1822, p. 192; OD] [=Plesio
corys POMEL, 1883, p. 45 (type, Holasta placenta
AGASSIZ in AGASSIZ & 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 posterior end; peristome
anterior, semicircular; plastron as in Cardiotaxis;
no fascioles. U.Cret.(Tltl'On.-5enon.}. Eu.(Fr.
Eng.).--FIG. 418,7. *5. planus (MANTELL),
Turon., Eng.; oral, XO.7 (173).

Taphraster POMEL, 1883, p. 46 [*Holaster campi
cheanlts (D'ORBIGNY); la,b, aboral, oral, Xl;
irregularly ovoid, sternum raised; ambulacra
sunken on oral and aboral side, ambulacrum III
more deeply depressed; pores small, round, pores
of pair separated by granule; ?no fascioles. L.Cret.
(Neocom.), Switz.--FIG. 419,1. *T. cam pi
cheanlls (D'ORBIGNY); la,b. aboral, oral, Xl;
Ie, detail of ambulacrum, enlarged (142).

Tholaster SEUNES, 1890, p. 23 [*Gibbaster mtmieri
SEUNES, 1889, p. 819; OD] [=Gibbaster SEUNES,
1889, p. 819 (obj.) (non GAUTHIER, 1887)]. Am
bulacrum III deeply sunken; ambulacra non
petaloid, pores small, round; plastron apparently
orthosternous; some large, crenulate tubercles on
interambulacra aborally; no fascioles on type
species. U.Cret.( Maastriclzt.}, Eu.(Fr.-Belg.) .-
FIG. 419,3. *T. mltnieri (SEUNES), Fr.; 3a-c, ab
oral, oral, lat., Xl (219c).

Titanaster SZORENYI, 1929, p. 19 [*T. labiostoma;
OD]. Diagnosis unknown, referred to Holasteri
dae. Eoc., Eu.--FIG. 419,5. *T. labiostoma,
Hung.; aboral, XO.5 (136h, after Szorenyi).

Toxopatagus POMEL, 1883, p. 30 [*HemipnettStes
italicttS MANZONI, 1878, p. 156; OD] [=Heterop
nettStes POMEL, 1883, p. 46 (type, H. deletrei)].
Ambulacrum III deeply sunken, pores small, round,
not conjugate; paired ambulacra petaloid, posterior
pair shorter than anterior pair; posterior pore
series larger than anterior pore series, pores trans
versely elongate, conjugate; labrum highly devel
oped; no fascioles. U.Cret.(5enon.)-Neog.(Mio.),
Eu.-Iran-Madag.-W.Indies.--FIG. 419,4. *T. ital
tCltS (MANZONI), Mio., Italy; 4a-c, aboral, lat.,
oral, XO.7 (206a).
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FIG. 420. Urechinidae (p. U536-U537).

Zumoffenia FouRTAu, 1912, p. 50 [·Z. It/dovid;
OD]. Test small; ambulacra similar, pores con
jugate, outer pore elongate, not sunken; peri
proct on truncate posterior; apparently no fasci
ales. U.Cret.(Cenoman.), Syria.--FIG. 419,2.
·Z. ludol,ici; 2a-c, aboral, lat., oral, X 1 (192).

Family URECHINIDAE Duncan, 1889

Test thin, plastron meridosternous; ocu
lars II and IV juxtaposed; paired ambulacra
with single pores adapically; first postpri
mordial interambulacral plate single; mostly
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FIG. 421. Urechinidae (p. U536-U537).

with subanal or marginal fasciole. ?U.Eoc.,
Mio.-Rec.
Urechinus A. AGASSIZ, 1879, p. 207 [*U. naresianus;

OD] [=Cystechintls A. AGASSIZ, 1879, p. 207
(type, C. wyvillei)]. Ambulacra similar, non
petalDid, 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 indistinct,
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.--FIG. 420,3. *U. naresianus, Antarc
tic; 3a-c, lat., apical, oral, XO.7 (2).

Chelonechinus BATHER, 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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Calymne THOMSON, 1877, p. 396 [·C. relicta; OD).
Ovoid, test thin, plastron raised; ambuJacra 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.--FIG. 422,1 . • C.
relicla; 1a,b, oral, aboral, XO.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
era 1 and 4 meeting adapically; subanal
fasciole. [Sublittoral to hadal, mostly
bathyal.] Rec.
Pourtalesia A. AGASSIZ, 1869, p. 272 [·P. miranda;
OD) [=Phyale POMEL, 1883, p. 40 (type, POllr
talesia ;etJreysi THO~ISON, 1873, p. 108) (non
Phyale KOCH, 1847); Phyalopsis POMEL, 1883, p.
40 (type, POllrtalesia lagllncllia AGASSIZ, 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 I and V discontinuous adorally, labrum
separated from sternum, sternum small, followed
by pair of episterna1 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; fascio1e around
anal rostrum; tridentate, globiferous, rostrate, and
ophicephalous pedicellariae; tube feet simple. Rec.,
cosmop.--FIG. 423,2a. ·P. miranda, Florida
Str.; lat., X2.3 (I).--FIG. 423,2b,c. P. ;etJreysi
THO"SO", off Norway; 2b," aboral, oral, X3
(123).

lb
Colymne

FIG. 422. Calymnidae (p. U537).
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Family CALYMNIDAE Mortensen, 1907

Plastron meridosternous; ambulacra with
single pores; interambulacra 2 and 3 with
first postprimordial plates paired; peristome
not in groove. Rec.

peristome round, anterior; primordial plates of
interambulacra I, 4, and 5 separated from follow
ing plates by enlargement of adjacent ambulacra;
no large primary tubercles; no fascioles. Mio.,
Fiji-Java-Barbados.--FIG. 421,2. ·C. Sllvae, Fiji;
2a,b, aboral, oral, X I (178).

Pilematechinus A. AGASSIZ, 1904, p. 163 [·Cyste
chinus rathbuni A. AGASSIZ, 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.) Rec., Panama
Antarctica.--FIG. 42L1. ·P. rathbllni (A.
AGASSIZ), Malpelo Is.; 1a,b, apical, post., XO.7
(3).

Plexechinus A. AGASSIZ, 1896, p. 78 [·P. cinctllS;
OD). Interambulacrum 5 with adapical keel ex
tending into subanal SMut; periproct supramar
ginal; ambulacrum III with more plates adapically
than in paired ambulaera; 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 ambulaera; rudimentary phyll
odes; subanal fascio1e; primary and secondary
tubercles irregularly arranged; globiferous, tri
dentate, ophicephalous, and triphyllous pedicel
lariae. Rec., N.Atl.-Antarctica-Sulu Sea-Gulf Calif.
--FIG. 420,2. ·P. cinctlls, Gulf Calif.; 2a-c, oral,
apical, lat., X3 (3).

Sanchezaster LAMBERT in SANCHEZ 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.Eoc., Cuba.--FIG. 420,1.
·S. habanensis; aboral, XO.5 (216a).

Sternopatagus DE MEIJERE, 1902, p. 10 [·S. sibo
gae; OD). Test very fragile; ambulacra similar,
nonpetaloid, plates large, pores single: apical sys
tem elongate, 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. Rec., Timor Sea.--FIG.
420,4. ·S. sibogae; aboral, XO.5 (208).
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Family STENONASTERIDAE Lambert,
1922
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Echinosigro

FIG. 424. Pourtalesiidae (p. U539).
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Interambulacrum V protosternous; am
bulacra with double pores, not petaloid;
apical system without complemental plates,
ethmophract, not elongate. V.ere!.
Stenonaster LAMBERT, 1922, p. 114 [*Ananchytes
tuberculata DEFRANCE, 1816, p. 41; 00]
[=Stenonia DESOR, 1858, p. 333 (obj.) (non
GRAY, 1853); Stenocorys LAMBERT & THIERY,
1917, p. 3 (obj.)]. Subconical aborally, flattened
orally, with sunken peristome; ambulacra similar,
pores somewhat elongate, those of pair arranged
in circumflex, pores of oral side large, single,
vertically elongate; apical system with 4 genital

Ceratophysa POMEL, 1883, p. 40 [*Pourtalesia cera
topyga A. AGASSIZ, 1879, p. 205; SO MORTENSEN,
1907, p. 82] [=Rodocystis LAMBERT & THIERY,
1924, p. 424 (obj.)]. Large, outline triangular,
orally flattened; genital plates partly coalesced,
4 genilal pores; periproct posterior, above rostrum;
peristome anterior; adoral structure of bivial
ambulacra unknown; labrum large, sternum faintly
raised, plates of interambulacrum 5 alternating
aborally; spines small, dense; subanal fasciole;
globiferous, tridentate, and ophicephalous pedi
cellariae. Rec., Antarctic-S. Ind. O.-Chile.--FIG.
423,1. *C. ceratopyga (A. AGASStZ), S.Pac.; 1a,b,
aboral, lat., XO.7 (2).

Cystocrepis MORTENSEN, 1907, p. 84 [*Echinoerepis
setigera A. AGASSIZ, 1898, p. 78; 00]. Similar
to Echinoerepis but outline elongate oval; inter
ambulacra I 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. AGASSIZ, 1879, p. 206 [*E. cuneata;
00]. 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.--FIG. 423,
3. *E. cuneata; 3a-c, aboral, oral, lat., XO.7 (2).

Echinosigra MORTENSEN, 1907, p. 82 [*Pourtalesia
phiale THOMSON, 1873, p. 90; 00]. Similar to
Pourtalesia but more elongate; ambulacra I and V
continuous; labrum large, conspicuous; primary
spines short, partly spatulate. [Bathyal.] Rec.,
cosmop.--FIG. 424,2. *E. phiale (THOMSON),
N.AtI.; 2a-c, aboral, lat., oral, X5 (135).

He1gocystis MORTENSEN, 1907, p. 82 [*Potlrtalesia
carinata A. AGASSIZ, 1879, p. 205; 00]. 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 ?ophicephalous pedicellariae. Rec., Ant
arctic-Subantarctic-Chile.

Spatagocystis A. AGASSIZ, 1879, p. 206 [*5. chal
lengeri; 00]. Very fragile; posterior pointed;
plastron keeled, forming subanal rostrum, peri
proct submarginal; genital plates separate, 4 geni
tal pores; ambulacra I 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.--FIG. 424,1.
*5. challengeri, Antarctic; la, lat., XO.7 (2); lb,
oral, X I (3).
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pores, central; periproct inframarginal; peristome
anterior, subpentagonal; labrum not well devel
oped; no fascioles. V.eret., Medil.--FIG. 425,4.

·S. tuberculata (DEFRANCE), Italy (4a-c), Tunisia
(4d,e); 4a-c, aboral, oral, lat., XO.7 (142); 4d,e,
apical system, plastron, enlarged (l36h).

Ironioster

Stenonoster

50

Menuthioster

Sf

Turongloster

Coroster

FIG. ~25. Stenonasteridae (4); Somaliasteridae (1); Family Uncertain (2-3,5) (p. V539-V543).
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Brightonio
Ib

FIG. 425A. Somaliasteridae (p. V541-V542).

Leviechinus

Somaliaster
2b

area of plastron where they are arranged in more
or less longitudinal rows. V.Cret.( Senon.), Iran.
--FIG. 425,1. *1. morgani; la-e, aboral, oral,
and lat. views, XO.7 (210).

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. V.eret.(Senon.)-Paleoc.
Somaliaster HAWKIr<S, 1935, p. 53 [*S. magni

tJenter; aD]. 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 amphiplacQus; 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. V.Cret.( Senon.) , Somal.-Iran.--FtG. 425A,
2. *S. magniventer, Somal.; 2a,b, aboral and post.
views, X 1.5; 2e, arrangement of plates on oral
side, X0.75 (2a,b, 136h; 2e, 91b).

Brightonia KIER, 1957, p. 871 [*B. maefadyeni;
aD]. 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. Paleoe., Somal.
--FIG. 425A,I. *B. maefadyeni; la,b, aboral
and lat. views, both with peripetalous fasciole
marked, X I; Ie, arrangement of plates on oral
side, XI (94a).

Iraniaster COTTEAU & GAUTHIER in MORGAN, 1895,
p. 26 [*1. morgani; aD]. 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
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lb

10

Nordenskjoel doster

..

30
Hobonoster

FIG. 426. Family Uncertain (p. V542-V543).

Leviechinus KIER, 1957, p. 873 [*Perieosmlls
gregoryi CURRIE, 1927, p. 430; 00]. 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 lII-5 axis, sit-

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. Paleoe.,
Somal.--FIG. 425A,3. *L. gregoryi (CURRIE);
3a-e, aboral, lat., and oral views, X I; 3d, plate
arrangement of plastron, XO.5 (94a).

Family UNCERTAIN
Coraster COTTEAU, 1886, p. 69 [*C. tJilanotJae;
00]. 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. V.Cret.-Paleog.(Dan.) , Medit.--FIG. 425,
2. *C. tJilanotJae, Dan., Spain; 2a,b, aboral, oral,
X I (l36h).

Corechinus KONGIEL, 1936, p. 8 [*C. pulatJiensis;
00]. 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. V.Cre/., Pol.

Habanaster LAMBERT in SANCHEZ ROIG, 1924, p. 11
[*H. sanehezi; 00). 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. Eoe., Cuba.--FIG. 426,3. *H. sanehezi;
3a-e, aboral, oral, post., X I (136h).

Menuthiaster LAMBERT, 1896, p. 322 [*M. eOlleaui;
00). 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. V.Cre/.(Senon.), Madag.-
FIG. 425,3. *M. colleaui; 3a,b, aboral, lat., X I
(203a).

Nordenskjoeldaster LAMBERT, 1910, p. 9 [as Norden
skii:ildas/er) [*N. an/are/iells; 00]. 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; Ino fascioles. V.Cre/.
(Cenoman.), Antarctic.--FIG. 426,1. *N. an/
are/iellS; 1a,b, aboral, lat., X I (108).

Physaster PO~IEL, 1883, p. 47 [*Eehinospa/agus in-
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flatus D'ORBIGNY, 1854, p. 171; OD] [=lnflataster
ANTHuLA, 1899]. Small, subglobular; ambulacra
simple, pores of ambulacrum III small, round;
pores of paired ambulacra comma-shaped, 4 genital
pores; periproct small, round, high up on broad
ambitus; peristome subpentagonal, labrum not dis
tinct; interambulacrum 5 simple, no plastron. Cret.
(Alb.-Senon.), Medit.-W. Afr. (Senegal).--FIG.

426,2. *P. inflatus (D'ORBIGNY), Alb., Senegal;
2a,b, aboral, post., Xl (142).

Turanglaster SOLOVYEV & MELIKOV, 1963, p. 107
[*T. mazkii; OD]. Small, subglobular, orally
convex; periproct high posteriorly, subanal fasciole;
4 genital pores. V.Cret., USSR(Turkmen-Azerbai
jan) .--FIG. 425,5. *T. nazkii, Azerbaijan; Sa,
oral, X3; 5b-e, apical, oral, lat., post., X2; 5f,
apical system, enlarged (219a).

SPATANGOIDS

By ALFRED 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 some, but not all, irregular echinoids,
structure of the spatangoid test follows
LOVEN's law, 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
each bear two tube feet. The pair-pored
plates invariably occupy positions which in
LOVEN's scheme of reference are designated
by the symbols la, IIa, IIIb, IVa, and Vb
(Fig. 427).

Despite their lack of jaws, spatangoids
(as well as disasterids) possess internal pro
jections on the peristomial margin
(DEVRIES, 1960). In spatangoids these
apophyses occur mainly in the posterolat
eral ambulacra, that on the left side (amb I)
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

II

FIG. 427. Peristomial region of Lovenia elongata
(mod. from Mortensen). [Explanation: perisoome
(large black area) with peristomial plates omitted;
interambulacral plates shaded; I, 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 feet, constant in
asymmetrical placement around peristome (Loven'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 somewhat larger in diam
eter than that of the animal and commonly
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 echinoid 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 is buried

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 NICHOLS (140) on
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 evolutionary lineage of Mieras
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 genexaL biology of living forms.

ORIGIN AND EVOLUTIONARY
TRENDS

The earliest known spatangoids are mem
bers of the Toxasteridae, occurring in rocks
of Early Cretaceous (Berriasian) age of the
Mediterranean region. BEURLEN (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 that 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. DURHAM & MELVILLE (52)
therefore sought the origin of spatangoids
in the Galeropygidae, and DURHAM now
suggests, as the most conservative view,
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FIG. 428. Toxaster laffittei DEVRIES, possible link
between collyritid holasteroids and toxasterid
spatangoids. L.Cret.(Berrias.), N.Afr., X2 (after

Devries).

that the Holasteroida, Cassiduloida, and
Spatangoida arose from a common ancestor
at the beginning of the Jurassic.

However, T oxaster laffittei DEVRIES, 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 BEURLEN 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,A), resembling that of Collyrites, but
catenal plates are lacking. T. africanus
COQUAND (Berriasian-Hauterivian) has an
apical system intermediate between that of
T. laffittei 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. laffittei does not appear to be properly
referable to Toxaster, and does not fit very
well in the family Toxasteridae, but
DEVRIES' 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

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 Toxasteridae. More advanced forms
developed a basic fasciole 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 Brissidae and
some Loveniidae added a peripetalous fas
ciole, thus indicating convergence with the
hemiasterid assemblage, and the Loveniidae
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 differentiation
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 shield the

FIG. 429. Three evolutionary stages of spatangoid
apical system.--A. Primitive elongate condition
(Toxaste,' lafittei) (after Devries).--B. Ethmo
phract condition (Hemiaster) (after Mortensen).
--c. Ethmolytic condition (BrisStls) (after Mor-

tensen).
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FIG. 430. Evolution of plastron in spatangoids.--l. Protosternatous plastron, Col/yrites dorsalis, of
Disasteridae, family ancestral to Spatangoida.--2. Protamphisternous plastrons; 2a, Toxaster laffittei,
gradational to protosternous type; 2b, T. afrieanus, more advanced; 2e, Hemiasta texanus, typical.--3.
Mesamphisternous plastrons; 3a, Ovulaster lamberti, micrasterid; 3b, Leiostomaster gentili, palaeostomatid;
3e, Sehizaster sp.-4. Holamphisternous plastron, Spatangus purpureus.--5. Ultramphisternous plas
trons; 50, Eupatagus (Gymnopatagus) antil/amm, brissid; 5b, Asterostoma exeentrieum (all after Morten
sen, except 2a, after Devries, and 50, after Fischer). [Explanation: I, 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 rnamelons of a
type which restricts motion of the spines
to certain directions.

Specialization of tube feet, reflected in
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FIG. 431. Spatangoid family tree inJicated by structure of apical system and differentiation of spines and
fascioles. Primitive Toxasteridae are inferred to have given rise to two main branches, distinguished as
the hemiasterid stock (suborder Hemiasterina) at left and the micrasterid stock (subDrder Micrasterina) at
right. The family Asterostomatidae (suborder Asterostomatina) appears to represent a polyphyletic 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 nonpetaloid. In nor
mal spatangoids the frontal ambulacrum
generally carries round pores which serve
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for egress of large penicillate tube feet that
function in maintaining a respiratory fun
nel and in food gathering. Tube feet of the
ambital area beyond the petals generally are
very small and emerge through tiny pores.
NICHOLS (140) considered these to be spe
cialized for sensory functions. According to
KIER (98), most Cretaceous spatangoids
have these pores arranged in pairs, which
is the normal condition in echinoids as a
whole, with each 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 erroneous 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 are specialized for picking up sedi
ment or food-laden mucus passed down
from above and for transmitting such mate
rial to 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 is 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), these sternal plates are far
from symmetrical and accordingly their
plastrons here are termed protamphis,ern
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., Ovulaster, Schizaster), with succeed
ing plates arranged alternately-a condition
here termed mesamphisternous (Fig. 430,3;
453; 465). The next stage, represented by
Spatangus, 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;

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 in
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
MORTENSEN, 1950), the most significant
have been published by LOVEN (1883),
POMEL (1883), CLARK (1917), LAMBERT &
THIERY (1924-25), MORTENSEN (1950), and
DURHAM & MELVILLE (1957). The differ
entiation and arrangement of families
adopted in the Treatise essentially agree
with MORTENSEN'S classification, but on the
basis of priority, Asterostomatidae is ac
cepted in place of Palaeopneustidae. 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
are 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 (some genera entirely non
petaloid), with absence of fascioles in many,
and with lack of spine differentiation in
some. In terms of the apical system and
plastronal symmetry, however, the astero
stomatids 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 seemingly mean that the
Asterostomatidae are not a primitive group
but a polyphyletic 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
Early 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 fascioles in most genera. The group
gave rise to two branches, which respective
ly comprise the suborders Hemiasterina 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 addition. 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 early 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 Pericosmidae are a small third
offshoot marked by the presence of a mar
ginal fasciole.

The Micrasterina have a subanal fasciole
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 ethmolythic, 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

for the present recognition of the suborder
fills a taxonomic need.

Although some spatangoid families have
been divided by authors into subfamilies
(e.g., Spat~ngidae and Loveniidae by MOR
TENSEN), little seems to be gained by such
procedure. The families are so small that
division of them in arbitrary manner serves
no ~ractical e?d, a?d ~nowledge of morph
ologICal relatlOnshlps IS yet insufficient to
d~fine subfamilies having evolutionary sig
lllficance.

GEOLOGIC HISTORY

From small beginnings in the Neocom
i~n t?e sJ?atangoids became moderately
diverSified III Cretaceous time. They were
then established as a successful group of
echinoids which flourished especially in
warm-water environments of the neritic
zone where they were buried chiefly in cal
careous sediment. 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. DURHAM & MEL
VILLE, 1957, p. 276] [=Amphisternous Spatangidae LoviN,
1883, p. 93; Amphisternata LAMBERT, 1893, p. 63, MORTENSEN,

1907. p. 90J

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 LovEN's law) with peristome
adjoining plate of ambulacral rows la, IIa,
IIIb, IVa, 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
bourrelets lacking. Mouth devoid of teeth.
Periproct located near posterior extremity.
Spines of fossil forms poorly known other
than on basis of their corresponding tuber
cles; approximately half of spatangoid fam
ilies characterized by rather uniform cover
of small spines, 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, latera-anal, anal, and in
ternal, and occurring singly or in combi
nation. L.Cret.(Berrias. )-Rec.

Suborder TOXASTERINA
A. G. Fischer, new suborder

[=Adetes Du"c,,,, 1889 (partim)]

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 L\MBERT, 1920, p. 16] [=PaIaeostominae
ZITTEl, 18i9, p, 359]

Apical system normally ethmophract (pos-

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 laffittei DEVRIES (Berrias., N.
Afr.) (Fig. 428; 429,A; 430,2) (not truly
a Toxaster) forms link to Collyrites in the
holasteroid family Collyritidae, retaining the
disjunct bivium and trivium and the elon
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 AGASSIZ, 1840, p. 25 ["Spatangw re

tUStiS LAMARCK, 1816, p. 33; SD COTTEAU, 1878,
p. 117] [=Echinospatagus BREY"IUS, 1732 (type,
E. cordi/ormis BREYNIUS, nom. nud.); Echino
spatagus D'ORBIGNY, 1853, p. 30 (obj.); Hypsaster
POMEL, 1883, p. 44 (type, Spatangus argilacezis
PHILLIPS, 1829; Miotoxaster POl\fEL, 1883, p. 44
(type, Echinospatagus breynillsi D'ORBIG"Y, 1859,
p. 173); Pliotaxaster FOI':RTAU, 1907, p. 140 (type,
P. Iyonsi, OD)]. Test ovoid to heart-shaped, pOS
terior extremity truncated, front depressed; frontal
ambulacrum subpetaloid; paired ambulacra petaloid,
open distally, slit-pored, anterior pair longer than
posterior; apical system posterior, with 4 gono
pores; peristome subpentagonal. [A diverse genus
which requires subdivision.] Cret.( Berrias.-Ceno
man.), S.Eu. (Medit.)-S.Am. (Colombia), ?V.Cret.
(Senon.), N.Am.--FIG. 433,2. "T. retusIIs
(LAMARCK), LCret., France; 2a-c, aboral, oral,
lat., XI; 2d, apical region, enlarged (136h).

Adytaster LA~IBERT, 1895, p. 162 ["Cyclaster 111
centinus COTTEAU, 1890, p. 48; OD]. Test elon
gate, posteriorly rostrate and truncate, with an
teriorly eccentric apical system; only paired am
bulacra petaloid, with conjugate pores. [Poorly
known; provisionally referred to Toxasteridae.]
Eoc., Eu.(Spain.).--FIG. 433,3. "A. Illcentinlls
(COTTEAU); 3a-d, aboral, oral, lat., post., Xl
(136h). [=Adetaste,' DELAGE & HEROUARD, 1904,
p.268.]

Aphelaster L"IBERT, 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) .--FIG. 433,
1. "A. integer (GAUTHIER), France; la,b, aboral,
post., XI (136h).
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Heteroster

FIG. 434. Toxasteridae (p. V553).

Douvillaster LAMBERT, 1917, p. 18 [nom. nov. pro
Hypsaster POMEL, 1883 (non POMEL, 1869, p. 16)]
[*Epiaster vatonnei COQUAND, 1878, p. 92; 00].
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. Cret.( Apt.
Turon.), Medit.--FIG. 434,2. *D. vatonnei
(COQUAND), N.Afr.(Alg.); aboral, Xl (136h).

EnaUopneustes POMEL, 1883, p. 44 [*Holaster
jullieni PERON & GAUTHIER, 1881, p. 53; 00].
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. 1, p. 411) opinion that this genus represents
a toxasterid offshoot parallel to the Hemiasteridae
but not properly classifiable with hemiasterids is
accepted.] V.Cret.( Santon.), N.Afr.--FIG. 433,
4. *E. jl/llieni (PERON & GAUTHIER); 4a,b, aboral,
lat., X 1.5; 4c, apical disc, enlarged (214).

Heteraster D'ORBIGNY, 1853, p. 175 [*Spatangus
oblongus BRONGNIART, 1821, p. 555; SO LAM
BERT & THIERY, 1924, p. 438] [=Enallaster
D'ORBIGNY, 1853, p. 181 (type, Hemipneustes
grenovii FORBES, 1852, pI. 5); Epiaster D'ORBIGNY,
1854, p. 186 (type, Mieraster trigonalis DESOR,
1847, p. 189, SO POMEL, 1883, p. 43); Pseudoe
piaster SEUNES, 1888, p. 803; Taeniaster
LAMBERT, 1895 (non BILLINGS, 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.)-V.
Cret. (Cenoman.), Arabia-Medit.-N. Am.-S. Am.
--FIG. 434,1. H. trigonalis DESOR, Cret., (Alb.),
Eu.; la-d, aboral, oral, lat., post., Xl (142).-
FIG. 435,la-e. *H. oblongl/s (BRONGNIART), L.
Cret.(Barrem.-Apt.), Medit.; la-d, aboral, oral,
lat., post., X1.5; Ie, apical disc, enlarged (142).
--FIG. 435,lf. H. grenovii (FORBES), Alb.,
Eng.; pore-pattern in frontal ambulacrum, enl.
(136h).
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FIG. 435. Toxasteridae (p. U553).

Isaster DESOR, 1858, p. 359 [OSpatangus 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.).--FIG. 438,1. *1. aquitanictlS (GRATE
LOUP); 1a-d, aboral, oral, lat., post., X I; Ie,
ambo III, enlarged (all 142).

Isomicraster LAMBERT, 1901, p. 959 [°1. stolleyi;
OD]. High, conical form with deep anterior sinus
and distinctly heart-shaped outline; closely re
sembling Mierasta (Micrasteridae) but differing

in absence of fascioles. U.Cret.(Turon.-Senon.),
Eu.-N.Afr.-Madag., Mex.--FIG. 436,1. *1.
stolleyi, Ger.; la-c, aboral, oral, lat., XI (136h).

Isopatagus MORTENSEN, 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.
--FIG. 439,1. *1. obovatus; la-c, aboral, oral,
lat., XO.75; Id, apical disc, XO.6 (all 136h).
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Macraster ROEMER, 1888, p. 191 [OM. texanus;
aD]. 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.--FIG. 438,2. OM. texanus, L.Cret.
(Alb.), USA(Tex.); 2a,b, aboral, lat., XO.8

FIG. 436. Toxasteridae (p. U554).

lc
Palmeraster

FIG. 437. Toxasteridae (p. U555).

(Roemer, 1888); 2c, detail of apex, enlarged
(136h).

Mokotibaster LAMBERT, 1933, p. 17 [OM. hourcqui;
aD]. Broadly rounded in outline; apical system
with madreporite adjoining posterior ocular plates,
gonopores 4; ambulacra petaloid, pores conjugate
and outer ones transversely elongale; peristome
semilunar; periproct round; tuberculation uniform.
U.Cret.(Maastricht.) , Madagascar.--FIG. 440,2.
OM. hourcqui; 2a-c, aboral, oral, lat., Xl (136h).

Palmeraster SANCHEZ ROIG, 1949, p. 268 fOp. pal
meri; aD]. 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.
--FIG. 437,la,b. P. herrerai SANCHEZ ROIG; la,b,
aboral, adoral, XO.7 (216d).--FIG. 439,lc. op.
palmeri; enlarged apical area (216d).

Polydesmaster LAMBERT, 1920, p. 16 [Op. fourtaui;
aD]. 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 Enallopnellstes, as a branch of the toxasterids
which developed a marginal fasciole, and which
never flourished.] U.Cret.(Cenoman.). Eu.(Fr.).
--FIG. 440,1. op. fOllr/alli; la-c, aboral, lat.,
lat., X I (l36i).
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FIG. 439. Toxasteridae (p. U554).

U557

Suborder HEMIASTERINA
A. G. Fischer, new suborder

[==Prymnadetes DUNCAN, 1889, partim]

Petaloid spatangoids having peripetalous
fasciole, in some families combined with
lateroanal or marginal fasciole, but none
with subanal fasciole. Apical system ethmo
phract to ethmolytic. Primary spines de
veloped in few members of Schizasteridae.
L.C,'et.(Apt.)-Rec.

Family HEMIASTERIDAE Clark, 1917
[Hemiasteridae CLARK, 1917, p. 159J

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.Cl'et.(Apt.)-Rec.

The Hemiasteridae were derived from
the Toxasteridae by acquisition of a peri
petalous fasciole. Macrastel', Douvillaster,
and Palhemiastel' are intermediate forms.
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FIG. 440. TDxasteridae (p. U555).

Hemiaster AGASSIZ, 1847, p. 16 ["Spatangus bulo
BRONGNIART, 1822, p. 84; SD SAVIN, 1903, p. 22]
[=Leucaster GAUTHIER in PERON, 1887, p. 386
(type, L. remensis GAUTHIER, 1887, p. 387);
Peroniaster GAUTHIER, 1887, p. 246 (type, P.
cotteaui) , 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.)
Rec., cosmop. [=Perionaster GAUTHiER, 1887, p.
245 (nom. null.).]

H. (Hemiaster) [=H. (lntegraster) LAMBERT &
THIERY, 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.Cre/.( Apt.)-Eoc., Eu.-
FIG. 442,1. °H. bulo (BRONGNIART), V.Cret.
(Cenoman.), Fr.; 1a-d, aboral, oral, lat., post.,
X 1.5 (142).

H. (Bolbaster) POMEL, 1869, p. 15 ["Spa/angus
prtltlella LAMARCK, ) 816, p. 33; OD]. Test
subglobular, with only faint traces of anterior
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Ditremaster MC:-;IER-CHALl\IAS, 1885, p. 1076
["Herniasta nliX DESOR, 1853, p. 278; SD COT
TEAC, 1887, p. 422J. Subglobular, with faint
frontal sinus; 2 gonopores; paired ambulacra
petaloid, posterior pair very short, about 0.3 length
of anterior ones. [May be schizasterid, but lateral
fasciole not ascertained.J Eoc.-Plio., cosmop.-
FIG. 443,4. "D. nllx (DESOR), Eoc., FI.; 4a-c, ab
oral. oral, post., X 1.5 (27e).

Hernandezaster SA:-;CHEZ ROIG, 1949, p. 211 ["H.
hernandezi; OD J. Test lacking frontal depression,
pointed at rear, with inframarginal periproct, and
anterior lunate peristome; petals depressed; apical
system ethmophract, with 4 gonopores; pores of
frontal ambulacrum microscopic. Oligo., Cuba.-
FIG. 444,1. *H. hernandezi; la-c, aboral, adoral,
lat., Xl (I36h).

Heterolampas COHEC, 1862, p. 198 [*H. rnaresi;
ODJ. Comparatively low and rounded, lacking
frontal sinus; distinct from other hemiasterids in
having all ambulacra equally petaloid; apical SYS
tem ethmophract, with 4 gonopores. V.Cret.
(Senon.), N.AfI.--FIG. 444,3. "H. maresi; 3a-c,
aboral, oral, lat., X 1.5; 3d, apical disc, enl.
(214).

Holcopneustes COTTEAU, 1889, p. 33 ["Trachyaster

5
FIG. 441. Plate diagram of Herniasta (Loven).

sinus; petals small. V.Cret.(Maastricht.)-Paleoc.,
Eu.--FIG. 442,2. "H. (B.) prunella (LA
MARCK); 2a-c, aboral, oral, lat., Xl (I36h).

H. (Gregoryaster) LAMBERT, 1907, p. 59 ["Peri
cosrntls corangtlintlrn GREGORY, 1892, p. 615;
ODJ. Test high, abruptly truncated in rear;
petals long and straight, subequal; frontal sinus
faint. V.Cret.(Senon.), Eu.--FIG. ·142,3. "H.
(G.) corangllintlrn (GREGORY), Malta; 3a,b, ab
oral, lat., Xl (136h).

H. (Holanthus) LAMBERT & THIERY, 1924, p. 505
["H. hickrnanni KOEHLER, 1914, p. 142; ODJ.
Test inflated, lacking frontal sinus; petals very
large. V.Cret.( Cenornan.)-Rec., Eu.-Ind.O.

H. (Leymeriaster) LAMBERT & THIERY, 1924, p.
500 ["H. leyrneriei AGASSIZ, 1847, p. 122; ODJ.
Moderately inflated, frontal sinus shallow, an
terior petals very much longer than posterior
ones. V.Cret.( Cenornan.)-Mio., Eu.--FIG. 443,
2. "H. (L.) leyrneriei (AGASSIZ), V.Cret.
(Turon.); 2a-c, aboral, oral, lat., Xl (136i).

H. (Mecaster) POMEL, 1883, p. 42 ["H. fOllmeli
AGASSIZ in AGASSIZ & DESOR, 1847, p. 16; ODJ.
Relatively low, subhexagonal, with marked
frontal sinus; petals subequal in length, distinctly
flexed. V. Cret.( Cenornan.-Senon.), Eu.-S. Am.
--FIG. 443,1. "H. (M.) fotlmeli (DESHAYES),
1a-c, aboral, oral, lat., Xl (I36h).

H. (Trachyaster) POMEL, 1869, p. 473 ["T. globo
SllS; SD POMEL, 1883, p. 38J. Resembling H.
(Herniaster) but ethmolytic, subgenera grading
into each other. Paleoc.( Dan.)-Plio., Medit.-India.
--FIG. 448,1. "H. (T.) globosus, Alg.; la-d, ab
oral, oral, lat., post., Xl; Ie, apical disc, X6
(136h) .

Cheopsia FOURTAU, 1908, p. 149 ["C. rnortenseni;
OD J. Small, outline oval, with frontal 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
ids. Eoc., Egypt.--FIG. '143,3. "C. rnortenseni;
3a,b, aboral, lat., Xl (I36i).

Crucibrissus LA~IBERT, 1920, p. 27 ["Macropneustes
integer DE LORIOL, 1891, p. 15; ODJ. 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 test.
[Tentatively assigned to hemiasterids.J Eoc., Italy
Armenia-Cuba.--FIG. 443,5. "C. integer (DE
LORIOL), Italy; 5a,b, aboral, lat., XO.8 (136h).

Distefanaster CHECCHI.\-RISPOLI, 1902, p. 72 ["D.
garganiCtls; ODJ. High, subcircular, with deep
frontal sinus; apical system ethmophract, with 2
gonopores, lacking genital plate 3; petals sunken,
peristome slit-shaped. Eoc., Italy-Madagascar.-
FIG. 444,2. "D. garganictls, Italy; 2a,b, aboral,
oral, Xl; 2c, apical system, enlarged (136h).
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M - mouth

A - anus
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FIG. 442. Hemiasteridae (p. U558-U559).
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3b

Cheopsio

FIG. 443. Hemiasteridae (p. U559).
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FIC. 445. Hemiasteridae (p. U564-U565).
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gOUl'doni COTTEAU, 1887, p. 34; 00]. Resembling
Hemiaster but highest in front, with very ob
liquely truncated rear, ethmolytic apical system,
and fascicle which intersects ambulacra well be-

yond ends of petals. Paleoc.(Dan.)-Oligo.; Medit.
Madag.--FIC. 445,4. ·H. gourdoni (COTTEAU),

Eoc., Spain; 4a,b, aboral, lat., X 1.5; 4c, apical
disc, X 4.3 (27f).

"'.
.,,.
"

2b

Hypsopotogus

1c

Isopetolum

~. t , 0 f.. •
.... s" t;

".
r 0 •

3b

.. (

20

Leiopneustes

10

Flc. +16. Hemiasteridae (p. U565)
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Euechinoidea-A telostomata-Spatangoida-Hemiasterina U565

Hypsopatagus POMEL, 1869, p. xii [-Macropn~ustt'S

m~n~ghini DESOR, 1858, p. 411; OD) [=Hypso
spatangus COTTEAU, 1890, p. 13 (nom. van.);
Trachypn~ust~s MUNIER-CHALMAS, 1891, p. 265).
Outline ovoid, frontal sinus gentle; apical system
eIhmolytic, with 4 gonopores; frontal ambulacrum
nonpetaloid, bearing small, distant pores; petals
narrow, dosed. Eoc.-Oligo., Eu.-Asia-N.Am.
H. (Hypsopatagus). Test conical, its vertex in front

of apical system. Eoc.-Oligo.; Eu.-Asia(India).
--FIG. 446,2. -H. (H.) meneg/lini (DESOR),
Oligo., Italy; 2a-c, aboral, oral, lat., XO.75
(204a) .

H. (Leiopneustes) COTTEAU, 1885, p. 123 [-Bris
SIIS antiqlllis AGASSIZ, 1847, p. 120; OD)
[=Stenopatagus LAMBERT, 1911, p. 37 (type,
?»). Test very much flattened. Eoc.-Oligo., Eu.
N.Am.--FIG. 446,3. -H. (L.) antiqlllls
(AGASSIZ), Eoc., Fr.; 3a,b, aboral, lat., X 1.5
(27e).

Isopetalum LAMBERT, 1911, p. 188 [-Lilltlll'a psell
doverticale OPPENHEIM, 1900, p. 107; OD)
[=HomoiantllOides LAMBERT, 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., Italy.--FIG. 4~6,l. -I.
pseudoverticale (OPPENHEIM); 1a-d, aboral, oral,
lat., post., XI; 1~, aboral side, X2 (l36h).

Opissaster POMEL, 1883, p. 37 [-0. polygonalis;
OD). Outline ovoid, deep frontal sinus; deeply
depressed petals; apical system ethmolytic, with
2 to 4 gonopores. Eoc.-Plio., Medit.-India-Carib.
--FIG. 445,2. -0. polygonalis, Mia., N.Afr.
(Alg.), 2a-c, aboral, oral, lat., XI (l36h).

Palhemiaster L"'IBERT, 1916, p. 90 [-Po peroni;
OD). Intermediate between Hemiaster and Mac
raster (Toxasteridae) in having incomplete peri
petalous fasciole, developed only in rear part of
test. Cre/.( Apt.-Cenoman.), N.Afr.(Alg.)-N.Am.
--FIG. 445,1. -P. peroni, Alg.; 1a-d, aboral,
oral, lat., aboral, XI (136h).

Sarsiaster MORTENSEN, 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.--FIG. 445,3. -S. griegii; 3a, aboral,
XI; 3b, apical system, X5 (both 136h).

Vomeraster LAMBERT, 1920, p. 27 [-HemiastC'·
l'errtlCostts COQUAND, 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 hem i
asterids. U.Cr~t.(S~non.), N.Afr.(Alg.) -Antarctica.
--FIG. 448,2. -v. VC''I'UCOSIIS (COQUAND), Alg.,
2a,b, aboral, lat., X l.2 (136h).

FIG. ~~7. Schizasteridae (p. U576).
10

Foorino
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0'·\
• 'J

Ie .~ .. ••

T rachyaster

FIG. 448. Hemiasteridae (p. U559, U565, U566).

Washitaster LAMBERT, 1927, p. 271 [*Hemiaster
riOl,islae ADKINS, 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

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.) .--FIG. 448,3. *W. riovislae (AD
KINS); 3a, aboral, Xl (174); 3b, lat., Xl (l36h).

Family PALAEOSTOMATIDAE
Loven, 1867

[nom. correct. MEISSNER. 1904, p. 1402 (pro Palaeostomata
LOVEN, 1867, p. 2)] [=Leskiidae GRAV, 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.
Palaeostoma LOVEN in A. AGASSIZ, 1872, p. 147

[pro Leskia GRAY, 1851, p. 184 (non ROBINEAU
DESVOIDY, 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.

v

M - mouth

A - anus
5

FIG. 449. Plate diagram of Palaeosloma (Loven).
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1b

Lombertioster

Ie

Ornithoster 3e

5b

Perieosmus

4d

FIG. 450. Palaeostomatidae (1-4,6); Pericosmidae (5) (p. V566-V568).

Afr.; Rec., IndoPac.-Red Sea.--FIG. 450,2; 451,
1. *P. mirabile (GRAY), Rec.; 450,2, part of ambo
III, XIO (136h); 451,1, aboral, XI (136h).

Homoeaster POMEL, 1883, p. 44 [*H. tunetanus;
00]. Small, ovoid; apical system ethmophract,
with 4 gonopores; ambulacra nearly flush, paired
ones subpetaloid; pores in petals elongate, especially
in outer rows. V.Cret., N.Afr.--FtG. 450,4. *H.
tunetanus; 4a-c, aboral, adoral, lat., X I; 4d,
apical region, enlarged (l36h).

Lambertiaster GAUTHIER, 1892, p. 28 [*L. douvillei;

00]. Heart-shaped, posterior low; apical system
ethmophract; paired ambulacra with sunken petals,
anterior ambulacrum nonpetaloid, depressed. V.
Cret.( Senon.), N.Afr.(Tunisia)-N.Am. (Tex.).-
FIG. 450,6. *L. douvillei, Tunisia; 6a-c, aboral,
oral, lat., X I (136h).

Leiostomaster LAMBERT, 1920, p. 162 [*L. gentili;
00]. Small, inflated test with beaked posterior
and bulging plates; apical system anterior, ethmo
phract, with 4 gonopores; paired ambulacra devel
oped into short petals, frontal ambulacrum non-

© 2009 University of Kansas Paleontological Institute
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Palaeostoma

FIG. 451. Palaeostomatidae (p. V566-V567).

petaloid, depressed. V .Cret.(Senon.), N.Afr. (Alg.)
N.Am.(Tex.).--FIG. 450,3.•L. gentili, Alg.;
3a-d, aboral, oral, lat., post., X I (l36h).

Ornithaster COTTEAU, 1886, p. 710 [·0. evaristei;
00]. Differing from Hornoeaster chiefly in hav
ing round, rather than elongate, pores in petals.
V.Cret., Medit.-Iran-Madagascar.--FIG. 450,1.
·0. evaristei; 1a-c, aboral, oral, lat., Xl (136h).

Family PERICOSMIDAE Lambert, 1905
[Pericosmidae LAMBERT, 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
pores; paired ambulacra having depressed
petals which tend to have distal plates oc
cluded; radioles lacking. [Neritic to upper
bathyal.] Eoc.-Rec.

The Pericosmidae are probably derived
from the Hemiasteridae, by acquisition of
a marginal fasciole.
Pericosmus L. AGASSIZ, 1847, p. 19 [ 'OMieraster

(PericosmtlS) lattlS; SO DE LORIOL, 1875, p. 115]
[=Megalaster DUNCAN, 1877, p. 61 (type, M.
compress/IS, 00)]. 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.
--FIG. 450,5. ·P. (P.) lattlS (AGASSIZ); 5a,b,
aboral, lat., Xl (136i).

P. (Lambertona) SANCHEZ ROIG, 1952, p. 257
[OVictoriaster lamberti SANCHEZ ROIG, 1924, p.
127; 00]. Large, anterior groove even deeper
than in P. (Victoriaster), forming marginal
notch extending back to peristome, petals nar
row and deeply sunken, anterior pair much
longer than posterior, curved; marginal fasciole

narrow and incomplete. Eoc., Cuba.--FlG. 452,
1. op. (L.) lamberti SANCHEZ ROIG; 1a,b, oral,
aboral, X 0.5 (216e).

Lombertona

2
Victorioster

FIG. 452. Pericosmidae (p. V568-V569).
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III
2

II

M - mouth

A - anus

5

FIG. 453. Plate diagram of Schizaster (Loven).

P. (Victoriaster) LAMBERT, 1920, p. 27 [*Pericos
mus gigas M'Coy, 1882, p. 15; 00]. Large;
apex anteriorly excentric; anterior ambulacrum in
deep furrow: petals narrow, deeply sunken, gently
flexed; marginal fasciole incomplete. Mio., Aus
tralia.--FIG. 452,2. *P. (V.) gigas (M'CoY),
aboral, XO.5 (l36h).

Family SCHIZASTERIDAE Lambert,
1905

[nom. trans/. MORTENSEN, 1951, p. 204 ex Schizasterinae
LAMBERT in DONCIEUX, 19051

Heart urchins generally characterized by
having both peripetalous and latero-anal
fasciole (exceptions, Amphipneustes, 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-

sternous to holamphisternous (Fig. 453).
[Neritic to abyssal.] U.Cret.(Cenoman.)
Rec.

The Schizasteridae most probably were
derived from the Hemiasteridae by added
development of a lateroanal fasciole. Some
specimens of the hemiasterid Washitaster
(L.Cret.) show lateroanal branches extend
ing from the peripetalous fasciole (Fig.
448,3b), providing a morphological link be
tween the two families. Of special interest
are the sexually dimorphous, marsupial
genera Tripylus, Abatus, and Amphipneus
tes.
Schizaster L. AGASSIZ, 1836, p. 185 [*5. studeri;
so ICZN Op. 209, 1948] [=Brachybrissw
POMEL, 1883, p. 37 (type, Spatangus ambula
crum DESHAYES, 1831, p. 255; 00); Aplospatan
gus LAMBERT, 1907, p. 113 (type, Schizaster eury
notus AGASSIZ, 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 ethmolytic 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.
*5. (5.) studeri, Eoc., Fr.; 2a-e, aboral, oral,
lat., X 1.5 (27e).

S. (Hypse1aster) CLARK, 1917, p. 185 [*Schizaster
(Periaster) limicola A. AGASSIZ, 1878, p. 193;
00]. Distinguished from S. (Schizaster) by its
incomplete latero-anal fasciole; gonopores 2. Rec.,
cosmop. -- FIG. 454,1. *5. (H.) limicola
(AGASSIZ); la-d, aboral, adoral, lat., post., Xl
(2); Ie, apical system, enlarged (l36i).

S. (Ova) GRAY, 1825, p. 431 [*Spatangw canali
lel'lls LAMARCK, 1816; SO ICZN Op. 209, 1948
[mm Ol'a POMEL, 1887, p. 701] [=Nina GRAY,
1855, p. 60]. Apical system posterior; pores in
anterior ambulacrum arranged in irregularly
crowded double series; gonopores 2. Rec., Medit.
--FIG. 455,1. *5. (Ol'a) canalifel'lls (LA
MARCK); la-c, aboral, oral, lat., X 1.5 (I).

S. (Paraster) POMEL, 1869, p. 14 [*Schizaster
gibbel'llius L. AGASSIZ, 1847, p. 128; 00]
[=Prymnaste,' KOEHLER, 1914, p. 187 (type, P.
angulatus); Rotundaster LAMBERT & THIERY,
1925, p. 526 (type, Schizaster fOI'eatus AGASSIZ,
1889, p. 350)]. Resembling Periaster but haying
ethmolytic apical system with 4 gonopores.
[Tropics.] Eoc.-Rec., cosmop.--FIG. 456,2. *P.
gibbel'llius (AGASSIZ), Rec.; 2a, aboral, X 1.5
(136i); 2b, apical system, XI0 (l36i).

S. (Tripylaster) MORTENSEN, 1907, p. 122 [*Tripy
Ills philippii GRAY, 1851, p. 132: 00]. Apical
system subcentral, ambulacral pores as in S.
(Schizaster). Rec., S.S.Am.--FIG. 455.2. *5.

© 2009 University of Kansas Paleontological Institute
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Hypselaster

FIG. 454. Schizasteridae (p. U569).
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Ova Tripyloster
20

FIG. 455. Schizasteridae (p. U569).

(T.) philippiz (GRAY); 2a,b, oral, lat., X I
(l36i).

Abatus TROSCHEL, 1851, p, 72 [*Spatanglls (Tripy
Ills) cavernoms PHILIPPI, 1845, p. 435; aD]
[=Spatagodesma AGASSIZ, 1898, p. 83 (type, S.
diomedae); Pseudabatlls KOEHLER, 1911, p. 60
(Iype, P. nimrodi); Paz'aba/IIS KOEHLER, 1912
(nom. null.)]. Marsupial echinoid, much like
Tripyills, distinguished by anterolateral petals

which reach peripetalous fasciole and by loss of
lateroanal fasciole in adults. ?Paleoc.(Dan.),
Madag.; Rec., Antarctic.--FIG. 457,2. *A. caver
noms (PHILIPPI), Rec., Antarctic; 2a,b, aboral
with spines, '? with young; 2b, i!; without
spines; 2c, oral; all X 1.5 (2).

Agassizia AGASSIZ & DESOR, 1847, p. 20 [nom.
correct. pro Agassisia VALENCIENNES in Du PETIT
THOUARS, 1846, pI. 1 (incorrect orig. spelling)]

© 2009 University of Kansas Paleontological Institute
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FIG. 456. Schizasteridae (p. U569, U576).
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[*A. scrobieulata; 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

normal or similarly modified. Eoe.-Ree., N.Am.
Eu. (MediI.) -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. Eoe.-Ree., N.Am.-Medit.-Persian Gulf.-
FIG. 457,1. *A. (A.) saobieulata, Rec., MediI.;
la,b, aboral, lat., Xl (I); Ie, apical system,

1b

Agassizia

2.e

FIG. 457. Schizasteridae (p. U571, U573, U575).
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FIG. 458. Schizasteridae (p. U575-U576).
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Hemifeerine

Fearina

FIG. 459. Schizasteridae (p. U576).

U575

XIO; ld, detail of anterolateral petal, XIO (ie,d,
136i).

A. (Anisaster) POMEL, 1886, p. 610 [*Agassizia
gibberula COTTEAU, 1876, p. 193; SD COTTEAU,
1887, p. 381] [=Eoagassizia 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. Eoe.-Oligo., N.Am.
Medit.

Amphipneustes KOEHLER, 1900, p. 815 [*A. lorioli;
aD) [=AntipnellStes KOEHLER, 1926, p. 69
(nom. van.)). Sexually dimorphous and mar
supial, like Abattls and Tripylus; differs by having

paired pores in anterior ambulacrum, and in lack
ing all fascioles. Ree., Antarctic.

Brisaster GRAY, 1855, p. 61 [*Brisstls fragi/is
DUB EN & KOREN, 1844, p. 280; aD) [=Lyman
aster LAMBERT, 1920, p. 162 (type, Schizaster
townsendi A. AGASSIZ, 1898, p. 82; aD) [=lndi
aster LAMBERT, 1920, p. 27 (type, Brisaster indi
CIIS KOEHLER, 19I4, p. 20 I)]. Resembling Schiz
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.-
FIG. 458,4. *B. fragilis (DUBEN & KOREN), Rec.;
aboral, Xl (I36i).
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Diploporaster MORTENSEN, 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
irregular double series. Rec., Red Sea-Ind.O.-
FIG. 458,5a. *D. barbatus; aboral, Xl (136i).
--FIG. 458,5b. D. savignyi (FOURTAU); detail
of ant. amb, en!. (136i).

Faorina GRAY, 1851, p. 132 [*F. chinensis; OD]
[=Atrapus TROSCHEL, 1851, p. 72; Sinaechinus
HAYASAKA, 1948, p. 93 (type, S. kawaguchii)].
Test spheroidal, with deeply sunken ambulacra;
apical system ethmolytic, with 3 gonopores; peri
petalous fasciole well developed, double in front,
with lateroanal branches. Rec., W.Pac.-IndO.-
FIG. 447,1. F. kawaguchii HAYASAKA, Rec., Bay
of Tonkin; 2a-c, aboral, oral, post., XI (197).
--FIG. 459,1. *F. chinensis; 1a-c, aboral, oral,
lat., XI (136i). [=Favorina GRAY, 1885, p. 57
(nom. null.).]

Hemifaorina JEANNET & MARTIN, 1937, p. 289
[*Hemiaster tuber HERKLOTS, 1854, p. 15; OD].
Test heart-shaped, with faint frontal notch; an
terior ambulacrum broad and depressed, anterior
paired petals depressed and longer than posterior
ones; peripetalous fasciole and incomplete lateral
fasciole; otherwise poorly known. V.Mio., Java.
--FIG. 459,2. *H. tuber (HERKLOTS); aboral,
Xl (91).

Hemigymnia ARNAUD, 1898, p. 118 [*H. aturica;
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.--FIG. 458,2. *H. aturica; aboral,
XI.5 (l36i).

Linthia DESOR, 1853, p. 278 [*L. insignis; OD]
[=Escheria DESOR, 1853, p. 143, non Esche"ia
HEER, 1847]. Rounded to broadly heart-shaped,
with depressed frontal ambulacrum forming frontal
sinus; apical system ethmolytic, with 4 gono
pores; peripetalous fasciole deeply embayed be
tween petals. V .Cret.(Senon.) -Plio., cosmop.
L. (Linthia). Apical system central to anterior,

periproct vertically elongate. V.Cret.( Senon.)
Plio., cosmop.--FIG. 458,3a. *L. (L.) insignis,
£oc., Switz.; aboral, XO.7 (44).--FIG. 458,3b.
L. (L.) sudanensis (BATHER), Eoc., Afr.; apical
system, en!. (l36i).

L. (Lutetiaster) LAMBERT, 1920, p. 27 [*Spatan
gus subglobosus LAMARCK, 1816, p. 33; OD].
Periproct transversely elongate, apical system cen
tral to slightly posterior. Eoc.-Mio., Medit.-
FIG. 458,1. *L. (L.) subglobosa (LAMARCK),
Eoc., Fr.; 1a-d, aboral, oral, lat., post., Xl; 1e,
apical system, en!. (27e).

Moira A. AGASSIZ, 1872, p. 146 [pro Moera MICHE
LIN, 1855, p. 246 (non LEACH, 1814; nec HUBNER,
1918; nec ADAMS, 1851)] [*Spatangtts atropos
LAMARCK, 1816, p. 32; SD nom. conserv. ICZN
Op. 209, 1948]. Distinguished from Schizaster by

deeply sunken nature of its petals. Eoc.-Rec., N.
Am.-Pac.
M. (Moira). Petals almost closed by their over
hanging sides. Eoc.-Rec., N.Am.--FIG. 456,3.
*M. atropos (LAMARCK), Rec.; 3a, aboral, X 1.5
(44); 3b-e, aboral, oral, lat., post., XI.5 (24).

M. (Moiropsis) A. AGASSIZ, 1881, p. 205 [*Schiz
aster clattdicans A. AGASSIZ, 1879, p. 21; OD].
Petals more open, not so overhung by their sides.
Mio.-Rec., W.Pac.

Parabrissus BITTNER, 1880, p. 59 [*P. pseudo
prenaster; OD]. Resembling Prenaster in oval
shape, anterior position of apical system, which
is ethmolytic, with 4 gonopores, and in transverse
orientation 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.--FIG. 456,1. *P. pseudoprenaster; 1a-c,
aboral, oral, lat., X 1.5; 1d, detail of anterolateral
petal (all 136i).

Periaster D'ORBIGNY, 1853, p. 269 [*Spatangus ela
tus DESMOULINS, 1837, p. 406; SD LAMBERT, 1918,
p. 8]. High-crowned test; petals sunken, posterior
pair short; apical system ethmophract, with 4
gonopores. V.Cret. (Cenoman.)-Eoc., Medit.-
FIG. 460,2. *P. elatus (DESMOULINS), Senon., Fr.;
2a-d, aboral, oral, lat., post., X 1.5 (142); 2e,
apical system, XI0 (136i).

Peribrissus POMEL, 1869, p. xiii [*P. saheliensis;
OD]. Resembling Prenaster in ovoid outline and
anterior, ethmolytic, 4-pored apical system; differ
ing in flatter shape and deep frontal sinus; an
terior petals distinctly longer than posterior ones;
coarse tubercles along edges of frontal sinus. Mio.,
Medit.--FIG. 460,3. *P. saheliensis; aboral,
XO.8 (136i).

Prenaster DESOR, 1853, p. 279 [*P. alpinus; OD].
Test ovoidally inflated, apical system central to
anterior, frontal sinus faint or absent; apical sys
tem ethmolytic, with 4 gonopores. Eoc.-Rec.,
cosmop.
P. (Prenaster). Apical system far forward; petals

depressed, posterior paired petals longer than an
terior ones; peripetalous fasciole extending onto
oral side in anterior part of test. Eoc., cosmop.
--FIG. 461,1. *P. (P.) alpinus, Eoc., Alps;
1a-c, aboral, lat., post., X 1.5 (44).

P. (Protenaster) POMEL, 1883, p. 36 [pro Desoria
GRAY, 1851, p. 132 (non NICOLLET, 1942)]
[*Desoria australis 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., S.Pac.--FIG. 461,2.
*P. (P.) australis (GRAY); 2a-c, aboral, oral, lat.,
X I (I).

P. (Saviniaster) LAMBERT, 1911, p. 33 [*S. migtt
eli; OD]. Resembling P. (Prenaster) , but petals
narrower and flush. Eoc., Eu.(Fr.).
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FIG. 460. Schizasteridae (p. U576, U578).
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FIG. 461. Schizasteridae (p. V576).

Proraster LAMBERT, 1895, p. 256 [·Schizaster ata
l'/IS ARNAUD in COTTEAU, 1883, p. 13] [=San
jilippaster CHECCHIA-RISPOLl, 1932, p. 313 (type,
Proraster geayi COTTEW, 1908, p. 26)]. Much
like PO/'aster, with 4-pored ethmolytie apical sys
tem, distinguished by very deeply sunken anterior
ambulacrum and by lacking lateroanal fasciole.
V.Cret.( Cenoman.-Senon.), cosmop.--FIG. 460,
1. ·P. atal'lls (ARNAUD); 1a-c, aboral, oral, lat.,
Xl (136i).

Pseudobrissus LAMBERT, 1905, p. 155 [·BrisSlls
corsictlS COTTEW, 1877, p. 325; 00]. Large,
ovoid, with slight frontal sinus; petals very long
and narrow, deeply depressed, anterolateral ones
oriented transversely; apical system undescribed.
Mio., Corsica.--FIG. 462,3. ·P. corsiclIs (COT
TEW); oral, XO.75 (21c).

Schizopneustes THIERY, 1907, p. 64 [pro Dipneustes
ARNAUD, 1891, p. 152 (non HOERNES, 1866)]
[.Dipnellstes atw·iCl/s ARNAUD in COTTEAU, 1891,
1893, p. 152; 00]. 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.--FIG. 462,1. ·S. atllrictlS (ARNAUD);
1a,b, aboral, lat., X 0.8 (l36i).

Tripylus PHILIPPI, 1845, p. 344 [·T. excavatus;
00] [=Hamaxitlls TROSCHEL, 1851, p. 72 (obj.);

ParapnetlS'fes KOEHLER, 1912, p. 161 (type, P.
cordattlS)]. Marsupial and sexually dimorphous;
ethmolytic, with 2 or 3 gonopores; paired ambula
era petaloid, sunken, anterior pair or both pairs
deeply depressed in females to form marsupia;
frontal ambulacrum subpetaloid; anterolateral
petals not reaching peripetalous fasciole. Rec.,
Antarctic-Tierra del Fuego.--FIG. 462,2. q.
excavattlS; aboral, partly with spines, X 1.5 (I).

Family AEROPSIDAE Lambert, 1896
[nom. correcl. Aeropsidae CLARK, 1917, p. 133 (pro Aeropi.

dae LAMBERT, 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
JEFFREYS, 1876, p. 212, 380 (non LEACH, 1813;
nee ALBERS, 1860)] [*Aerope rostrata WYVILLE
THOMSON, 1877, p. 380; 00]. Shape cylindroid;
apical system ethmophract, somewhat anterior,

Schizopneustes

with 2 to 4 gonopores; anterior ambulacrum broad,
with large, obliquely placed pore-pairs; paired
ambulaera nonpetaloid; peripetalous fasciole de
veloped in frontal part of test. Ree., cosmop.-
FIG. 463,1. *A. rostrata (WYVILLE THOMSON);

2

Tripylus

Pseudobrissus 3
FIG. 462. Schizasteridae (p. U578).
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FIG. 463. Aeropsidae (p. U578-U579).

Ia-c, aboral, oral, lat., XI (2); Id, detail of
apical region (136h).

Aceste WYVILLE THOMSON, 1877, p. 376 ["A. belli
dilera; OD] [=Acestina LAMBERT & THIERY, 1924,
p. 432 ( nom. van.)]. 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.--FIG. 464,
1. "A. bellidilera, X1.3; la, aboral with spines
and tube feet, X2; Ib-e, aboral, oral, lat., post.,
Xl (2); 11, apical system, X27 (136h).

Suborder MICRASTERINA
A. G. Fischer, new suborder

[=Prymnodesmia DllNCAN. 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. Cret.(Cena
man.)-Rec.

Family MICRASTERIDAE Lambert,
1920

[nom. Iransl. MORTENSEN, 1950, p. 362 (ex Micrasterinae
LAMBERT, 1920, p. 16) J

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. V.Cret.(Cena
man.)-Eac., cosmop.

The micrasterids are derived from the
toxasterids, by development of a subanal
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FIG. 464. Aeropsidae (p. U580).

fasciole (Fig. 465). lsomicraster may be a
connecting link.
Micraster L. AGASSIZ, 1836, p. 184 [*Spatangus
coranguinum LESKE, 1778, p. 221] [=Pycnaster
POMEL, 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.
V. Cret. (Cenoman.-Senon.), Eu.-Medit.-Madag.
Cuba.--FIG. 467,2. *M. (M.) coranguinum
(LESKE), Santon., Eng.; 2a-d, aboral, oral, lat.,
post., X I; 2e, apical sysIem, enlarged (173).

M. (Gibbaster) GAUTHIER, 1887, p. 381 [*M. (G.)
fastigatus; 00]. Anterior ambulacrum like paired
ones, which resemble those of M. (Micrasta). V.
Cret.( Santon.)-Paleoc.( Dan.), Eu.--FIG. 467,1.
*M. (G.) fastigatltS; 1a-c, aboral, oral, lat., Xl
(l36h).

Brissopneustes COTTEAU, 1887, p. 712 [*B. vilano
t'ae; 00]. 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) SMWS the sexual di
morphism (depressed ambulacral areas in females)
distinctive of marsupial spatangoids.] V.Cret.
(Maastricht.)-Eoc., Eu.-India-Madag.--FIG. 468,
1. *B. vilanovae; V.Cret., Eu.; 1a-c, aboral, oral,
lat., Xl (l36h).

Isopneustes POMEL, 1883, p. 43 [*Cyclaster bourgeo
isi COTTEAU, 1869, p. 328; 00]. Differs 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. V.Cret.(Turon.)-Eoc., Eu.
--FIG. 468,3. I. subquadratltS (DESOR), Eoc.,
Italy; 3a,b, aboral, oral, X I (136h).

Ovulaster COTTEAU, 1884, p. 328 [*0. gaut/lieri;
00]. 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.
V.Cret., Medit.--FIG. 468,2a-<". '0. giltlthieri;
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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 GRAY, 1825, p. 431 [nom. conserv. ICZN,

1948 (Op. 209, p. 369) (non MULLER, 1781, nec
MODEER, 1793, nec LINK, 1807, nec OKEN, 1815,
nec DAHL, 1823)] ["'Spatangus brissus unicolor
LESKE, 1778, p. 248; SD ICZN, Op. 209, 1948]
[=Bryssus MARTENS, 1869, p. 128 (nom. van.)
(obj.); B,'issus (Allobrissus) MORTENSEN, 1950, p.
162 (type, Brissus agassizii DODERLEIN, 1855, p.
36; Sandiegoaster SANCHEZ ROIG, 1952, p. 12
(type, S. durhami; OD)]. Test ovoid, lacking
frontal sinus; apex anterior, apical system ethmoly-

FIG. 465. Plate diagram of Micraster (Loven).

2a-c, aboral, oral, lat., Xl (136i).--FIG. 467,
2d. O. auberti, apical system, en!. (136h).

II
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Family BRISSIDAE Gray, 1855 "':J:J~~'U'"U·~;\ ., J! ' ·l/

[nom. transl. LAMBERT, 1901, p. 969 (ex Brissina GRAY, ....~ i IG, \ \j/'
1855, p. 49) 1 [inel. Unifasciidae COOKE, 1959, p. 79; Cyelas-" , : . ./

teridae POSLAVSKAYA, 1965J ' I ~ , l _ _ _ • ,

Heart urchins typically provided with \-d@ !
both peripetalous and subanal fascioles, lat- Q::.:.:J "-
ter with anal branches in some; apical sys--, 0 @~

tern ethmophract to ethmolytic, with 2 to 4 0 AW
gonopores; spine cover normally including 0 0
large radioles, generally located within fas- ,;----.zW
ciole-enclosed areas. Plastron ultramphi- IJ,::J
sternous. [Neritic to bathyal.] U.Cret.(San-- O'-=.]
ton.}-Rec. 0--

The brissids seem to have been derived M - mouth ~.6'"
from the Micrasteridae by addition of a A _anus~8
peripetalous fasciole, development of pri- • '~d"
mary tubercles, and eventually of an eth- J1

molytic apical system (Fig. 466). This is 5
suggested in particular by the Micraster-like FIG. 466. Plate diagram of BrisSlls (Loven).

A - anus

M - mouth
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FIG. 467. Micrasteridae (p. U581).

tic, with 4 gonopores; petals sunken, anterior pair
transversely oriented; subanal fasciole broad, with
lateral lobes. Eoc.-Rec., cosmop.--FIG. 469,1.
·B. linicolor (LESKE), Rec., Cuba; la-d, aboral,
oral, lat., post., X3 (24).

Aguayoaster SANCHEZ ROlG, 1952, p. 10 [.A.
aglillyoi; OD]. Small, inflated, forwardly in
clined; gentle anterior sinus; apical system far
anterior, ethmolytic, gonopores 4; differs from
CionobrisSlIs in having depressed petals, and a

raised, rostrate posterior ambulacrum, and in
lacking an anal snout and a deeply depressed
anterior ambulacrum Dn oral side. Eoc., Cuba.-
FIG. 470,3. • A. agliayoi, 3a-c, aboral, oral, lat.,
X05 (216d).

Anabrissus MORTENSEN, 1950, p. 161 [.Briss/lS
damesi A. AGASSIZ, 1881, p. 197; OD]. Small,
oval, lacking frontal sinus; ambulacra flush, paired
ones petaloid; apical system ethmol)'tic, with 3
gonopores; peripetalous fasciole rudimen tar)'. Rec.,
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FIG. 468. Micrasteridae (p. U581).

trop. At!'--FIG. 471,2. *A. damesi (AGASSIZ);
2a-e, aboral, oral, lat., X3; 2d, apical system, en
larged (l36i).

Anametalia MORTENSEN, 1950, p. 161 [*BrisSlls
sternaloides BOLAU, 1874, p. 177; 00]. Re
sembling CionobrisSlls but frontal sinus weak,
slight depression running from this to peristome;
anal fasciole rudimentary. Ree., Indonesia.--FIG.
469,2. *A. sternaloides (BoLAu); 2a-e, aboral,
oral, lat., X 1.5 (136i).

Arcaechinus KIER, 1957, p. 891 [*A. al/radl/ensis;
00]. Differs from BrisSlls mainly in having 3
gonopores (genital 2 being imperforate), long
labrum and long, narrDW sternum. L.Eoe., Afr.
(Soma]iland).--FIG. 470,1. *A. al/radl/ellsis;
la,b, aboral, post., X I (94).

Brissopatagus COTTEAU, 1863, p. 143 [*B. cal/monti;
00] [=BrissospatangllS COTTEAU, 1886 (110m.
['(111.)]. Differs from El/patagllS in having large
depressions in front of anterior petals or in front
of all petals. Eoc., cosmop.--FIG. 470,2. *B.
(al/moll/i, Fr.; 2a-c, aboral, oral, lat., Xl (27e).
[=BrissospatagllS AGASSIZ. J874, p. 174 (110m.
,'all.). ]

Brissopsis L. AGASSIZ in AGASSIZ & DESOR, 1847, p.
J4 [*BrisSlls lyrijer FORBES. 1841, p. 187; SO
DESOR, 1858, p. 378] [=Brissopsis AGASSIZ, 1840,
p. 13 (110m. nl/d.); Kleillia GRAY, 1851, p. 133
(type, K. lllzollica); ToxobrisSlls DESOR, 1858, p.
399 (t"pe, Brissopsis elegalls AGASSIZ, 1847, p.
184); Rrissoma I'O'IEL, 1888, p. 41 (type, Brissop-

sis dl/eiei WRIGHT, 1855, p. 37); Zettgaster LAM
BERT, 1907, p. 106 (type, Brissopsis lamberti
GAUTHIER, 1900, p. 42)]. Ovate, somewhat de
pressed, with slight frontal sinus; ethmo]ytic, gono
pores 2 to 4; ambulacra slightly depressed; paired
ones petaloid, may have rudimentary pores in
proximal plates; petals confluent in some species
("Kleil1ia"); subanal fascio]e may be lost in
adults. Eoe.-Ree., cosmop.--FIG. 471,1a-e. *B.
lyrijera (FORBES), Rec., Gulf Mex., la,b, aboral,
lat., X I; le, oral (part, showing periproct and
subanal fasciole), en!. (l75b).--FIG. 471,1d.
B. ll/zolliea, GRAY, Rec., Red Sea; detail of petals,
en!. (I 36i).--FIG. 472,1a-d. B. pacifica AGASSIZ,
Rec., Pac.; la-d, apical system showing gradual
reduction of genital pore in interamb 3, X 7.5
(l36i). [=Bryssopsis MEISSNER, 1903. p. 1343
(110m. I'all.) (obj.); ToxobryssllS MEISSNER. 1903,
p. 1395 (110m. vall.); Brissospatagl/s AGASSIZ,
1874 (110m. "all.).]

Cionobrissus A. AGASSIZ, 1879, p. 206 [*C. revine
tllS; 00]. 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. Eoe.-Ree., Iran-SW.
Pac.--FIG. 472,2. *c. rel,inetllS, Rec., SW.Pac.;
2a,b, frontal amb., apical system, X5 (136i);
2c-e, oral, ]at., post., X I (2). [=CionobrysSlls
MEISSNER, 1903. p. 1343 (110m. l'an.) (obj.).]
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FIG. 469. Brissidae (p. U582-U584).
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FIG. 470. Brissidae (p. V583-V584).

Aguayaaster

Cyclaster COTTEAU, 1856, p. 345 [*C. declivus;
00]. Resembling Brissopsis. but ethmophract,
with 3 gonopores. V.Cret.( Senon.)-Rec.• cosmop.
--FIG. 473,la-d. *C. declivus, Eoc., Fr.; 1a-d,
aboral, oral, lat., post., Xl (27e).--FIG.473,le.
C. recens MORTENSEN, Rec., Indochina; apical sys
tem, X6 (l36i).

Diplodetus SCHLUTER, 1900, p. 364 [*D. brevistella;
00]. Similar to Plesiaster but frontal sinus weak
and frontal ambulacrum with obliquely placed
pores; ethmophract, with 4 gonopores; petals
small. V.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. V .Cre/.(Santon.)
Eoc., Eu.-Afr.(Madag.).--FIG. 473,3. *D. (D.)
brevistella, U.Cret.(Santon.), Eu.; 3a-c, aboral,
oral, lat., XO.7 (218).

D. (Protobrissus) LAMBERT, 1907, p. 719 [*P.
mortenseni; 00]. Small, petals subequal, anterior
pair diverging laterally from anteriorly placed
apex. V. Cret.(Senon.)-Paleoc.(Dan.), Eu. (Fr.)
Afr.(Madag.).--FIG. 473,2. *D. (P.) morten
seni LAMBERT, Paleoc.(Dan.), Fr.; 2a-c, aboral,
oral, lat., X 1.5 (106).

Eupatagus L. AGASSIZ, 1847, p. 9 [*E. valenciennesi;
SO POMEL, 1883, p. 28] [=Pselldopatagus POMEL,
1885, p. 18 (tYRe, P. crllciatllS; 00); Me/itia

FOURTAU, 1913, p. 68 (type, Metalia melitensis
GREGORY, 1891, p. 621); Heterospatangus FOUR
TAU, 1905, p. 606 (type, Macropneustes lejebvrei
DELoRIOL, 1881, p. 50); Euspatangus COTTEAU,
1869, p. 257 (nom. ,·an.); PerispatangllS FOURTAU,
1905, p. 605 (type, Euspatangus libyeus DE LORIOL,
1881, p. 52); Koilospatangus LAMBERT, 1906,
p. 185 (obj.); Zanolettiaster SANCHEZ ROIG, 1952,
p. 14 (type, Z. herrerae; 00); MegapatagllS
SANCHEZ ROIG, 1953, p. 58 (type, M. jranciscanllS;
00)]. 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.-Rec.,
cosmop.
E. (Eupatagus). Ambitus rounded, frontal sinus

weak or absent. Eoc.-Rec., cosmop.--FIG. 474,
4; 475,1. *E. valenciennesi, Rec., Australia;
474,4a,b, aboral, oral views of specimen with
spines, X 1.5 (2); 474,4c, apical system, X3
(l36i); 475,1a-c, aboral, oral, lat., bare test,
XO.9 (Fischer, n).

E. (Gymnopatagus) DODERLEIN, 1901, p. 23 [*G.
"aldiviae; 00]. Differing from Ellpataglls in its
deeper frontal sinus (heart-shaped outline) and
sharper ambitus; many species are intermediate.
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Brissopsis
1c OJ °

2d

Anobrissus

FIG. 471. Brissidae (p. U583-U584).
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Brissopsis

Cionobrissus

FIG. 472. Brissidae (p. V584).

Eoc.-Rec., cosmop.--FIG. 477,2. -G. valdiviae,
Rec., Afr.; 2a,b, aboral, oral, X1.5 (187).

Fernandezaster SANCHEZ ROIG, 1952, p. 17 [-F.
mortenseni; aD]. 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.--FIG. 476,2. -F. mor
tenseni; aboral, XO.5 (216d).

Fourtaunia LAMBERT, 1902, p. 53 [-Hypsospatan
gus santamariae GAUTHIER in FOURTAU, 1900, p.
56; aD]. Resembling Eupatagus but with open
petals and reniform subanal fasciole. Eoc.-Oligo.,
N.Afr.--FIG. 473,4. -F. santamariae (GAUTH
IER), Eoc., N.Afr.; 4a,b, aboral, lat., X I (l36i).

Gillechinus FELL, 1964, p. 213 [-G. cudmorei;
aD]. Resembling Etlpatagtls and Plagiobrissus,
differing from Eupatagus in its rather open petals
and restriction of large tubercles to areas in

front of paired petals, from P/agiobrissus in lack
of anal fasciole and reniform subanal fasciole,
and from both in nearly circular outline and cen
tral position of apical system. V.Eoc., Australia.
--FIG. 476,1. -G. cudmorei; 1a-c, aboral, oral,
lat., XI (59).

Gualtieria AGASSIZ, 1847, p. 10 [-G. orbignyana;
aD] [=Gualteria AGASSIZ, 1872 (nom. null.);
Gualtiera QUENSTEDT, 1874 (nom. null.) .. Gaul
tieria GREGORY, 1900 (nom. null.)]. Outline ovoid,
with only trace of frontal sinus; frontal ambula
crum apetaloid, paired ambulacra with peIals ex
tending beyond peripetalous fasciole; apical sys
tem ethmolytic, with 4 gonoppres. 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.--FIG. 474,1. -G. (G.)
orbignyana, Eoc., Fr.; la-c, aboral, oral, post.,
XI.5 (44).

G. (Blaviaster) LAMBERT, 1920, p. 26 [pro Tem-
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Diplodetus30

3e

Protobrissus

~
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1e .

Ie

FIG. 473. Brissidae (p. U586, U588).
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10

Gronobrissoides

30

Guoltierio

••~z.. ., .........

4b

FIG. 474. Brissidae (p. U586, U588, U591).
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FIG. 475. Brissidae (p. U586).

between petals. Eoc.-Rec., Medit.-Carib.--FIG.
479,1. ·.11.01.) deshayesi, Eoc., Fr.; 1a-d, aboral,
oral, lat., post., X I (27e).

M. (Deakia) PAYAV, 1875, p. 304 [·Deakia ro
tundata; OD J. Test depressed, ambitus sharp,
petals small, fasciole embayed. Eoc., Eu.·India.
--FIG. 480,1. ·;11. (D.) rotundata (PAYAV),
Hungary; 1a,!', aboral, oral, Xl (136i).

Mariania AIRAGHI, 1901, p. 211 [·;1Iacropnewtes
marmorae AGASSIZ, 1847. p. 326; ODJ [=.1ir·

naster LAMBERT, 1912, p. lOS (non VERRILL,
1894) J [·Yemnaster grossolwrei LAMBERT, 1912,
p. 63; OD J. Lacking nodes and ridges on oral
side. Eoc., Fr.

G. (Granobrissoides) LAMBERT, 1920, p. 26
[·Gattltieria australiae COTTEAU, 1889; OD J.
FronIal ambulacrum flush; tips of petals crossing
peripetalous fasciole only slightly; oral side un
known. Mio., Australia.--FIG. 474,2. ·G. (G.)
atlStraliae COTTEAU; 2a, aboral, X I; 2b, petal,
en!. (136i).

Herreraster SANCHEZ ROIG, 1951, p. 52 [·H. her
rerae; ODJ. 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 Antill
aster.J Oligo., Cuba.--FIG. 478,1. ·H. herrerae;
1a,b, oral, aboral, XO.3 (216c).

Hike1aster LAMBERT & THIERY, 1920, p. 27 [pro
Yroschelia DUNCAN & SLADEN, 1883, p. 27 (non
MOERCH, 1876) J [·Yroschelia tuberculata DUN
CAN & SLADEN, 1883, p. 27; OD J. 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.
--FIG. 474,3. ·H. tuberettlattlS (DUNCAN &

SLADEN); 3a,b, aboral, oral, XI (47).
Idiobryssus CLARK, 1939, p. 173 [·1. caelus; ODJ.

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.J Rec., Pac.O.--FIG. 477,1. ·1. coelus;
la,b, aboral, lat., X3 (181).

Lajanaster SANCHEZ ROIG, 1926, p. 100 [.L. jack
soni; ODJ [=Lajanaster LAMBERT & ShCHEZ
ROIG, 1924 (nom. mid.)]. 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.--FIG. 478,3. •L. jack
soni, Oligo.; 3a,b, aboral, oral, XO.5 (216b).

Lissospatangus MORTENSEN, 1950, p. 162 [.L. hir·
stltus; OD J. Differing from Eupatagus in absence
of primary tubercles on apical side. Rec., Au·
stralia.--FIG. 477,3. • L. hirstlttlS; 3a,b, aboral,
oral, X I (136i).

Macropneustes L. AGASSIZ, 1847, p. 8 [.;>1. de·
shayesi; SD JACKSON, 1922, p. 4J. Differs from
EupatagtlS chiefly in having depressed petals, and
broad test; frontal sinus distinct. Eoc.-Rec., cos
mop. [=Plagiopneustes FOURTAU, 1905, p. 609
(type, M. crasstlS AGASSIZ).J
M. (Macropneustes). Petals large, ambitus rounded;

peripetalous fasciole not forming embayments

I c
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Gillechinus

. '-

2

Fernandezaster

FIG. 476. Brissidae (p. U588).

aglzia LAMBERT, 1910, p. 3 (nom. l'an.)]. Test
broad, heart-shaped, with frontal sinus; apical sys
tem ethmolytic, with 4 gonopores; paired ambula
era forming broad petals; frontal ambulacrum non
petaloid, with pore-pairs placed obliquely; no
fascioles. Oligo.-Mio., S.Eu.--FIG. 480,2. *M.
marmorae (AGASSIZ), Mio., Corsica; 2a,b, aboral,
lat., Xl (21c).

Mauritanaster LA~IBERT, 1920, p. 22 [*M. gentili;
OD]. Essentially a small Maeropneustes lacking
both fascioles. Tert., Morocco.--FIG. 481,1. *M.
gentili, Terl., N.Afr.; la,b, aboral, lat., Xl
(136i).

Megapneustes GAUTHIER, 1898, p. 678 [*M. grandis;
OD]. Essentially a FOllrtallnia lacking subanal
fasciole. Eoc., Egypt.--FIG. 483,1. *M. grandis;
la,b, aboral, lat., Xl (136i).

Meoma GRAY, 1851, p. 131 [*M. grandis; OD].
Resembles Macropnellstes, 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
ElipatagllS. Eoc.-Rec., tropics.
M. (Meoma) [=Rlzyssobrisslls AGASSIZ, 1863, p.

27; Hemibrisstls POMEL, 1869, p. 13 (type,
Spatangus ventricoStls LAMARCK, 1816)]. Frontal
sinus moderate, subanal fasciole incomplete, reni
form. Rec., Caribbean and Panamanian faunas.
--FIG. 479,2. M. (M.) ventricosa (LAMARCK),
Carib.; 2a,b, aboral, oral, XO.6 (1).

M. (Plethotaenia) H. L. CLARK, 1917, p. 233
[*MaeroplletlStes 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 fasciole;
peripetalous fasciole double or multiple. Rec.,
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Idiobryssus

2b

20 Gymnopotogus

Lissospotongus 3b

FIG. 477. Brissidae (p. U586, U588, U591).
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AtI.O.--FIG. 480,3. *M. (P.)
(AGASStZ); 3a,b, aboral (part),
(l75b).

spatangoides
lat., XO.75

M. (Schizobrissus) POMEL, 1869, p. 13 [*Brisstls
C1"tlciattls AGASSIZ, 1847, p. 91] [=Peripnetlstes
COTTEAU, 1875, p. 38 (type, P. antillartlm; OD].

10
Herreroster

30 Lojonoster

Schi zobri ssus

3b

lb

FIG. 478. BrissiJae (p. U591, U594, U597).
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FIG. 479. Brissidae (p. U591-U592).
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3b

Deakia

2b

FIG. 480. Brissidae (p. U591-U592, U594).

Mariania

© 2009 University of Kansas Paleontological Institute



Euechinoidea-A telostomata-Spatangoida-Mzcrasterina U597

.>

Mauritanaster

Frontal sinus deep, subanal fasciole annular.
Eoc.-Mio., tropic.--FIG. 478,2. M. (Schizo
brissus) antillarum (COTTEAU), wc., Cuba, ab
oral, X 0.7 (136i).

Metalia GRAY, 1855, p. 51 [·SpatangltS sternalis
LAMARCK, 1816, p. 326; aD] [=Xanthobrisms
AGASSIZ, 1863, p. 28 (type, X. garreti); Prome
talia POMEL, 1883, p. 34 (type, Brisms robillardi
DE LORIOL, 1876, p. 9); EobrisStls BELL, 1904, p.
236 (type, E. townsendi); Metaliopsis FOURTAU,
1913, p. 68 (type, Eclu"nlls macnloms GMELlN,
1788, p. 3199)]. Differs from BrisStls mainly in
having narrow, nonlobate subanal fasciole with
anal branches; large tubercles lacking within peri
petalous fasciole. ?Eoc., Rec., IndoPac.--FIG.

FIG. 482. Brissidae (p. U597, U599).

Ib
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FIG. 481. Brissidae (p. U592, U600-U602).
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Megopneustes

3b

Phoroonoster

FIG. 483. Brissidae (p. U592, U599-U601, U603).
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482,1. ·M. sternalis (LAMARCK), Rec.; 1a,b, aboral,
oral, XO.5 (1).

Migliorinia CHECCHIA·RISPOLl, 1942, p. 305 [·M.

migi/lrtina; aD]. Small, depressed forms of ovoid
outline, diJlering from small species of E/lpatag/lS
only in having narrower interporiferous zones

10

40 Plogiobrissus

1c

4b

FIG. 484. Brissidae (p. U602·U603).
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in petals, and by lacking large tubercles inside
the area circumscribed by the peripeta!ous fasciole.
Eoc., Somaliland.--FIG. 483,5. *M. migiurtina;
aboral, XI (136i).

Neopneustes DUNCAN, 1889, p. 258 [*Rhynobrissus
micrasteroides AGASSIZ, 1878, p. 192; OD]. Small,
ovoid, with somewhat anterior 4-pore apical sys
tem; ambulaera flush, not distinctly petaloid. Rec.,

10
Ib

Rhynobrissus
2c

lc

Unifoscio

FIG. 485. Brissidae (p. U604-U605).
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W.AtI.--FIG. 481,2. *N. micrasteroides (AGAS
SIZ); aboral, Xl.5 (l75b).

Pharaonaster LAMBERT, 1920, p. 26 [*Macropnett-

Spotongomorpho

FIG. 486. Brissidae (p. U604-U605).

lb

FIG. 487. Brissidae (p. U605).

stes ammon AGASSIZ, 1847, p. 115; OD]. Closely
resembling MegapnetlStes and Fourtaunia but with
/lush petals and rounded rather than truncate
posterior end, and having peripetalous and sub
anal fascioles. Differs from Stomapoms in having
broader interporiferous areas and fascioles. Eoc.,
N.Afr.-?N.Am.
P. (Pharaonaster). Test almost hemispherical. Eoc.,

N.Afr.-?N.Am.--FIG. 483,3. *P. (P.) ammon
(AGASSIZ), Egypt; 3a.b, aboral, lat., XO.8 (I36h).

P. (Thebaster) CHECCHIA-RISPOLl, 1941, p. 6
[*Macropnewtes fischeri DE LORIOL, 1881, p.
74; OD]. Depressed, with broadly transverse
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Stomoporus

FIG. 488. Brissidae (p. U605).

2b

periproct. Eoc., Egypt.--FIG. 481,3. ·P.
(T.) fischeri (DE LORIOL); 3a,b, aboral, lat., Xl
(136h).

Plagiobrissus POMEL, 1883, p. 29 [pro Plagionotus
AGASSIZ & DESOR, 1847, p. 119 (non MULSANT,
1842); pro Plagiostomus n'ORBIGNY, 1854, p. 151

(non Plagiostoma SOWERBY, 1812; nec Plagio
stomus HERMANSEN, 1847)] [·Echinus grandis
GMELlN, 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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FIG. 489. Plate diagram of Spatangus (Loven).

P. (Plagiobrissus). Frontal sinus well defined.
Eoc.-Rec., cosmop.--FIG. 484,4. *P. (P.)
grandis (GMELlN), Rec., W.Indies; 4a-c, aboral,
oral, post., X 0.3 (24).

P. (Rhabdobrissus) COTTEAU, 1889, p. 281 [*R.
jullieni; 00] [=Mortensenaster LAMBERT, 1922,
p. 44 (type, Metalia costae GAsca, 1876, p. 4)].
Lacking frontal sinus. Rec., tropic seas.--FIG.
484,2. *P. (R.) jullieni, Liberia; aboral, XI
(27e). [=Rhabdobryssus MEISSNER, 1903, p.
1343 (nom. van.) (obj.).]

Plesiaster POMEL, 1883, p. 42 [*Micraster peini
COQUAND, 1862, p. 245; 00]. Closely resembles
Mieraster, 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.--FIG. 484,3. *P. peini (COQUAND), U.Cret.
(Santon.), N.Afr.; aboral, Xl (136i).

Plesiopatagus POMEL, 1883, p. 32 [*Eupatagus
cotteaui DE LORIOL, 1880, p. 611; 00] [=Plesio
spatangus COTTEAU, 1886 (nom. van.)]. Re- FIG. 490. Spatangidae (p. U605, U608).

sembles Eupatagus but with depressed petals like
Macropneustes, and only 2 gonopores. Eac., Egypt.
--FIG. 483,4; 484,1. *P. cotteaui (DE LORIOL);
483,4, apical system, en!. (136i); 484,la-c, aboral,
oral, lat., Xl (l36i).

Radiobrissus FOURTAU, 1913, p. 66 [*R. gneOensis;
00]. Small, ovoid test lacking frontal sinus;
ethmolytic, 4 gonopores; frontal ambulacrum flush,
paired ambulacra petaloid, with round, conjugate
pores; adapica1 plates in anterior plate row of
anterolateral petals with rudimentary pores. Mia.,
Egypt.--FIG. 483,2. *R. gneOensis; 2a-c, ab
oral, oral, lat., X I (136i).

5

"

II

A - anus

M - mouth
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3

FIG. 491. Spatangidae (p. U608).

Rhynobrissus A. AGASSIZ, 1872, p. 58 ["R. pyra
midalis; 00] [=RhinobrisStis 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.--FIG. 485,2_
"R. pyramidalis; 2a-c, aboral, oral, lat., X 1.5 (l);

2d,e, apical system and peristome, X 13, X 6
(136i). [=RI,inobryssus MEISSNER, 1903, p. 1343
(nom. van.) (obj.).]

Rojasia SANCHEZ ROIG, 1951, p. 57 ["R. ro;asi;
00]. Resembling Sc!,izobrissus 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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FIG. 492. Spatangidae (p. U608-U609).

fasciole embayed, subanal fasciole not ascertained,
oral side not known; one of largest fossil echin
oids. Eoc., Cuba.--FIG. 486,2. *R. rojasi, 2a,b,
oral, lat., XO.3 (216c).

Spatagobrissus CLARK, 1923, p. 402 [*5. mirabilis;
aD]. Resembles Eupatagus but lacking frontal
sinus; oral side slightly convex; petals relatively
far open; primary tubercles inside and outside
peripetalous fasciole. Rec., S.Afr.--FIG. 487,1.
*5. mirabilis; 1a,b, aboral, oral, X 0.86 (l36i).

Spatangomorpha BOEHM, 1882, p. 237 [*5. eximia;
aD]. 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.--FIG. 486,1.
*5. eximia, Mio., Indonesia; 1a,b, aboral, oral,
Xl (136i).

Stomaporus COTTEAU, 1888, p. 977 [*5. hispanicus;
aD]. Resembling Fourtaunia and Megapneustes
but with narrower interporiferous zones in petals
and appearing to lack fascioles altogether. Eoc.,
Spain.--FIG. 488,1. *5. hispanicus; 1a-c, aboral,
oral, lat., XO.8 (33).

Trachypatagus POMEL, 1869, p. xi [*T. oranensis;
aD ] [=Leiopatagus POMEL, 1869, p. xii (nom.
nud.)]. Differs from Eupatagus in being uni
formly tuberculate; no frontal sinus; peristome
far forward. Eoc.-Mio., Medit.--FIG. 488,2. *T.
oranensis, Mio., Alg.; 2a-c, aboral, oral, lat.,
XO.25 (33). [=Liopatagus POMEL (nom. l1ull.).]

Unifascia COOKE, 1959, p. 79 [*Maeropnewtes
carolinensis CLARK, 1915; aD]. Closely resembles
Macropneustes but lacking anal and peripetalous
fascioles, and having marginal fasciole; primary
tubercles on nearly whole test. [Type genus
(monotypic) of Unifasciidae COOKE, 1959.]
Eoc., SE.N.Am.--FIG. 485,1. ·U. carolil1ensis
(CLARK); 1a-c, aboral, oral, lat., X1.5 (24).

Family SPATANGIDAE Gray, 1825
[Spatangidae GRAY, 1825, p. 430] [=Prospatangidae LAM'

BERT, 1905, p. 34, Mareciidae LAMBERT, 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 (non LESKE, 1778,

nom. nud.) [*5patagus purpureus MULLER, 1776,
p. 236; SD ICZN, ap. 209, 1948] [=Prospatan
gus LAMBERT, 1902, p. 55]. Heart-shaped, right
side normally projecting slightly beyond left; 4
gonopores; ambulacra of normal structure or
nearly so. Eoc.-Rec., cosmop.

20

-,,::i~t9=.,.
,;-,.- ...

~i~0~j~~;t~~'
2c

Loevlpotogus ,"",l1"',~..", . ,.~'>4';j."""
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FIG. 493. Spatangidae (p. U608-U609).
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10 1b

Moretio

FIG. 494. Spatangidae (p. U609).
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lb 10

FIG. 495. Spatangidae (p. U609).

Poromoretio

S. (Spatangus). Primary tubercles scattered over
interambulacra. Eoc.-Rec., cosmop.--FIG. 490,
1. *S. (S.) purpureus (MULLER), Rec., Eu.; 1a,b,
aboral, oral, X 0.7 (1).

S. (Granopatagus) LAMBERT, 1914, p. 193
[*Spatangus lonelzophorus MENEGHINI in DESOR,
1858, p. 422; 00]. Primary tubercles only along
edge of frontal sinus and in posterior interambula
crum. Eoc.-Rec., Medit.-Ind.O.-W.Pac.--FIG.
491,3. *S. (G.) lonchophorus MENEGHINI, Eoc.,
Italy; aboral, XO.6 (41). [=Concopho1'lls LAUBE,
1869, p. 36; ConcllOphorus DUNCAN, 1889, p.
252 (non GRAY, 1821) (laps. cal.); Lonchophorus
POMEL, 1883, p. 29 (non GERMAR, 1824, nec
ESCHSCHOLTZ, 1825, nec SCHOENHERR, 1838, nee
LUND, 1839.]

S. (Phymapatagus) LAMBERT, 1910, p. 3 [*Spa
tangus britanntls TOURNOUER; SD COTTEAU, 1897,
p. 12]. Primary tubercles lacking in posterior
interambulacrum; anterior petals with only rudi
men tary pores in uppermost plates of an terior
series. Eoe.-Mio., Eu.--FIG. 491,2. *S. (P.)
britannw TOURNOUER, Mio., Fr.; aboral, XO.75
(136i).

S. (Platyspatus) POMEL, 1883, p. 29 [*Spatangus
elzitinoSlls SISMONDA, 1841, p. 31; OD]. Petals
small, slightly depressed; frontal sinus large; pri
mary tubercles distributed over all interambula-

cral plates. Eoe.-Mio., Medit.--FIG. 491,1. *S.
(P.) chitinosus SISMONDA, Mia., Italy; 1a-e, ab
oral, oral, lat., Xl (206a).

Atelospatangus KOCH, 1885, p. 115 [*A. transil
tJanieus; 00] [=Oppenheimia COSSMANN, 1900,
p. 186, pro Lambertia OPPENHEIM, non DESVOlDY,
1863, nee SOWERBY, 1869, nee PERUGIA, 1894
(type, Lambertia giardinalei OPPENHEIM, 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. Eoe.
Mio., S.Eu.--FIG. 492,1. A. giardinalei (OPPEN
HEIM), V.Eoe., Italy; 1a-e, type-species of Oppen
heimia, aboral, oral, lat., Xl (I 36i).--FIG. 493,
2. *A. tl'ansilvanieus, Romania; 2a-d, aboral, oral,
lat., post., XI (l36i).

Hemimaretia MORTENSEN, 1950, p. 160 [*Mal'etia
eletJata DODERLEIN, 1907, p. 263; 00]. Resemb
ling Maretia (Hemipatagw) 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.
Ree., E.Afr.

Laevipatagus NOETLlNG, 1885, p. 211 (*Spatangtls
(Mieraster) bigibbus VON BEYRICH, 1848, p. 100;
00] [=Leiospatangtls MAYER, 1861, p. 119
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(nom. nud.)]. Intermediate between Spatangus
and Maretia in having frontal half of plastron
bare; gonopores 4, no large aboral tubercles, 2
peculiar interambulacral bulges in front of peri
stome. Eoc., Baltic region.--FIG. 492,2. *L. bi
gibbus (VON BEYRICH); 2a-c, aboral, oral, lat.,
Xl (136i).

Maretia GRAY, 1855, p. 48 [*Spatangus planulattts
LAMARCK, 1816, p. 326; OD] [=Hemipatagus
DESOR, 1858, p. 416 (type, Spatangus hofJmanni
GOLDFUSS, 1826, p. 152); Tuberaster PERON &

GAUTHIER, 1885, p. 46 (type, T. tuberculatus
PERON & GAUTHIER; Thrichoproctus A. AGASSIZ
(M.S., nom. nud.); Plagiopatagus LUTKEN (in
litteris, nom. nud.)]. Test oval to heart-shaped;
large tubercles on apical side except in posterior
interambulacrum; 4 genital pores. Primary tuber
cles may be recessed in camellae. Eoc.(cosmop.)
Rec.(IndoPac.).--FlG. 493,1. M. hofJmanni
(GOLDFUSS), Oligo., Ger.; 1a,b, aboral, lat., XI
(44).--FIG. 494,1. *M. planulata (LAMARCK),
Rec.; 1a-d, aboral and oral, with and without
spines, X 1.5 (1); 1e, apical system, X 6; 11, de
tail showing ear-shaped tubercles on oral side,
X6 (136i). [=Thrichoproctus AGASSIZ, 1872, p.
139 (nom. nud.).]

Nacospatangus A. AGASSIZ, 1873, p. 189 [*N.
gracilis; OD] [=Nacopatagus AGASSIZ, 1881, p.
219, nom. van.]. Gonopores 3, weakly developed
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. Rec., IndoPac.
N. (Nacospatangus). Periproct not sunken; no pri
mary spines. Rec., Pac.O.-Ind.O.--FIG. 493,3.
*N. (N.) gracilis AGASSIZ, 3a-c, adoral, aboral,
lat., X3 (175a); 3d,e, aboral, oral, X3 (3); 31,
detail of anterolateral petal, en!. (136i).

N. (Pseudomaretia) KOEHLER, 1914, p. 107
[*Maretia alta A. AGASSIZ, 1863, p. 3601; OD]
[=Lonchophorus STUDER, 1880, p. 879 (type,
L. interruptus), non GERMAR, 1837, nee POMEL,
1883; Gonimaretia CLARK, 1917, p. 240 (type,
G. tylota)]. Periproct sunken; a few primary
spines. Rec., Japan-Ind.O.

Paramaretia MORTENSEN, 1950, p. 160 [*P. multi
tuberculata; OD]. Differs from Maretia in having
narrow, open petals and in rudimentary nature
of pores in anterior plate series of anterior petals;
distinct from Nacospatangus and Hemimaretia
in having 4 gonopores and deep phyllodes. Rec.,
Australia.--FlG. 495,1. *P. multituberculata;
la, oral, XO.7; 1b, sketch of petal, X2; Ie, apical
system, X3.75 (136i).

Semipetalion SZORENYI, 1963, p. 194 [*Atelo
spatangus (Semipetalion) anomon SZORENYI; 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

III

M - mouth

A - anus

5

FIG. 496. Plate diagram of LOI'enia (Loven).

sinus; anterior petals long, open, somewhat de
pressed, posterior petals shoIt, broad, closed, flush;
phyllodes not well developed. U.Eoc., Hung.

Family LOVENIIDAE Lambert, 1905
[Loveniidae LAMBERT, 1905, p. 34J

Distinguished from all other echinoids by
possession of internal fasciole, surrounding
apical system and parts of anterior ambula
crum (exception: H omolam pas). Subanal
fasciole generally present and peripetalous
fasciole as well in Breynia and Homolam
pas; apical system ethmolytic, with 3 or 4
gonopores; paired ambulacra petaloid, with
anterior pair commonly fused into trans-
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FIG. 497. Loveniidae (p, U613).
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FIG. 498. Loveniidae (p. U613-U614).
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FIG. 499. Loveniidae (p. U6I3).
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, -,

verse crescent; anterior ambulacrum apetal
aid. 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 ac;quisi
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 [OSpa/angus elonga/us

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.-Rec., cosmop.
L. (Lovenia). Anterior margins of anterolateral

petals forming crescentic line; primary tubercles
of ambulacra noncrenulate, recessed in ampullae.
Oligo.-Rec., cosmop.--FIG. 497,1. 0L. (L.)
elonga/a (GRAY), Rec., Ia,b, aboral, oral, X I
(27£); Ic, amb., en\. (Cotteau, 1889); Id,e, ab
oral, oral, X1.5 (I); 1/, apical system, X6;
19, spheridial cysts, X4.5 (136i).

L. (Vasconaster) LAMBERT, 1915, p. 191 [pro Sar
sella POMEL, 1883, p. 28 (non HAECKEL, 1879)]
[OBreynia mlcata HAIME, 1853, p. 216; OD].
Petals not forming transverse crescent; primary
tubercles not recessed in ampullae. Eoc.-Rec.,
cosmop.--FIG. 498,3. 0L. (V.) mica/liS
(HAIME), Oligo., Fr.; 3a, aboral, X 1.5; 3b-d,
oral, lat., post., X I (all 2/e).

Breynia DESOR, 1847, p. 12 [OSpa/angllS aus/ralasiae
LEACH, 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.--FIG. 499,2.
"B. alls/ralasiae (LEACH), Rec.; 2a-c, aboral, oral,
lat., X I (I); 2d,e, apical systems of male and
female, both X 5 (136i).

Chuniola GAGEL, 1903, p. 531 [0c. 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 LOl'enia. Mio.,
Ger.--FIG. 499,3. °C. carolinae; 3a,h, aboral,
oral. X 1.5 (194).

Echinocardium GRAY, 1825, p. 430 [OEeI/inus CO/'

da/us PENNANT, 1777, p. 58; SD ICZN, Op. 209,
1948] [=AmpIJide/lIs AGASSIZ, 1836, p. 184
(obj.)]. Differs from typical loveniids in scarcity
of large spines and tubercles, and absence of deep
areoles or camellae; subanal fasciole with pair of

C(?

C. (I 0
. It,:

. 1/. .
;l 1 111:

( f .' "

( (

Pseudolovenio

FIG. 500. Loveniidae (p. U614).

anal branches. Oligo.-Rec., cosmop.--FIG. 499,1.
°E. corda/lim (PE:<:-<ANT), Rec., English Channel;
Ia,h, aboral, post., X 1.5; le, apical system, en\.
(185 ).

Homolampas A. AGASSIZ, 1874, p. 137 [pro Lisso
no/us AGASSIZ, 1869, p. 273 (non GISTL, 1848;
nec BLYTH, 1853; /lec SCHO:-<HERR, 1917)] [OLisso
no/lIS /ragilis AGASSIZ, 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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FIG. 501. Plate diagram of Palaeotropus (Loven).

spite absence of internal fasciole. Ree., IndoPac.
--FIG. 498,2. *H. tragilis (AGASSIZ); 2a, aboral,
X6; 2b, apical system, X 12; 2e,d, aboral, oral,
XI5 (136i).

Pseudolovenia AGASSIZ & CLARK, 1907, p. 255 [*P.
hirsuta; aD]. Differs from Lovenia in having sub
petaloid, distally diverging ambulacra. Ree.,
Hawaii.--FIG. 500,1. *P. hirSt/ta; 1a-e, abDral,
oral, lat., X I (21).

Verbeekia FRITSCH, 1877, p. 90 [*V. dubia; aD]
[non Verbeekia PENECKE, 1908, p. 657; nee
SILVESTRI, 1908, p. 137] [=Verbeekia POMEL,
1883, p. 35 (nom. van.)]. Poorly known spatan
goid of oval outline, with peculiarly confluent petals
and small sternum, which suggests placement in
Loveniidae. Eoe., Borneo.--FIG. 498,1. *V.
dubia; 1a,b, aboral, oral, X I (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-

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 PICTET, 1857, p. 205] [=Paleopneustidae
AGASSIZ, 1904, p. 150; Antillasterinae LAMBERT & THIERY

1924, p. 439; Palaeopneustidae MORTENSEN, 1950, p. 181J '

Heterogeneous, polyphyletic grouping of
ethmolytic spatangoids showing tendencies
to lose petaloid structure and fascioles, and,
in some forms, to re-establish superficial
radial symmetry (Fig. 501). Peristome
labiate, phyllodes well developed, test gen
erally fragile; most possess radioles. Plastron
mesamphisternous, holamphisternous or ul
tramphisternous. Eoc.-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 frontal ambulacrum.

Older workers, including MORTENSEN,
considered the asterostomatids or palae
opneustids as primitive. MORTENSEN sug
gested that they represent a root group of
the Spatangoida, collateral with the toxaster
ids, and derived from the collyritids; he
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 spatangoid. 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
show the presence of the peripetalous fas
ciole, at least in early stages of their ontog-

eny. These forms probably include hemi
asterids which developed primary spines,
and brissids which lost their subanal fas-

Asterostomo
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'..\..
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FIG. 502. Asterostomatidae (p. U616).
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Antilloster

FIG. 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 deriv~ 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 AGASSIZ, 1847, p. 168 [*A. excentri-

cllm; 00]. Test ovoid, flattened on oral side;
apical system with 4 gonopores; paired ambula
era subpetaloid, open at ambitus; central zones of
ambulacra form furrows which extend from peri
stome to ambitus; no fascioles. Eoc., Antilles.-
FIG. 502,1. *A. excentriCllm; la,b, aboral, lat.,
XO.5 (142); Ie, oral side, showing grooves,
XO.75 (216b); ld, apical system, X6 (136h).

Antillaster LAMBERT, 1909, p. 103 [*Asterostoma
cllbensis COTTEAU, 1871, p. 5; 00] [=Pselldas
terostoma SANCHEZ ROIG, 1952, p. 5 (obj.) (nom.

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.--FIG. 503,1; 504,4. *A. cubensis (COT
TEAU), Cuba; 503,1, oral, XO.3 (216b); 504,4a,b,
aboral, lat., XO.6 (21b).

Argopatagus A. AGASSIZ, 1879, p. 209 [*A. vitreus;
00] [=Meijeria DODERLEIN, 1906, p. 242 (type,
Phrissocystis humilis DE MEIJERE, 1902, p. 14);
Phrissocystis A. AGASSIZ, 1898, p. 80 (type, P.
aculeata A. AGASSIZ, 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 Phrissocystis
lacks this fasciole and may represent a gerontic
Argopataglls vitreus or a distinct form. Rec., Pac.
O.-lnd.O.--FIG. 504,3. *A. vitreus, Pac.O.;
3a-c, aboral, oral, lat., Xl (2).

Brissolampas POMEL, 1883, p. 31 [*Paleopneustes
conicus DAMES, 1877, p. 47; 00]. 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.-
FIG. 502,2. *B. conicus (DAMES), Italy; 2a-c, ab
oral, oral, lat., X 0.6 (41).

Brissomorpha LAUBE, 1871, p. 72 [*B. fuchsi; 00].
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
fasci.ole present, others not ascertained. Mio.,
Austria - Algeria - Indonesia. -- FIG. 504,2. *B.
fuellsi, Austria; 2a,b, aboral, oral, XO.75 (204b).

Cleistechinus DE LORIOL, 1882, p. 27 [*C. canaverii;
00]. 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.--FIG. 504,
1. *C. canaverii; la-c, aboral, oral, lat., Xl
( 136h).

Delopatagus KOEHLER, 1907, p. 147 [*D. brucei;
00]. 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 pia tes; no fascioles. [Abyssal.] Rec., Antarctic.

Elipneustes KOEHLER, 1914, p. 213 [*EurypnetlStes
denudatus KOEHLER, 1914, p. 71; 00] [=Eury
pnetlStes KOEHLER, 1914a, p. 71 (non DUNCAN
& SLADEN, 1882)]. Close to Linopnetlstes 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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FIG. 504. Asterostomatidae (p. U616).
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FIG. 509. Asterostomatidae (p. U624).

Genicopatagus A. AGASSIZ, 1879, p. 210 [*G.
affinis; aDJ. 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. J Rec., Antarctic.
--FIG. 505,1. *G. affinis; la-c. aboral, lat.,
post., X 1.5; ]d, oral, X I (all 2).

Heterobrissus MANZONI & MAZZETTI, 1877, p. 354
[*H. montesi; ODJ [=Arc!laeopneZlStes GREGORY,
1892, p. 163 (type, Palaeopneustes hystrix AGASSIZ,
1880, p. 60)]. Like Palaeopneustes in outline and
ambulacral characters but with deep phyllodes,
4 gonopores, and larger primary tubercles; fas
cioles lacking. Mio.-Rec., trop. seas.--FIG. 505,
2a-c. *H. montesi, Mio., Italy; 2a-c, aboral, oral,
lat., X 0.75 (206b) .--FIG. 505,2d. H. niasicus,
Rec., Ind.O.; 2d, apical system, X4 (136h).

Linopneustes A. AGASSIZ, 1881, p. 167 [*Paleo
pneustes murrayi A. AGASSIZ, 1873, p. 168; aDJ.
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.-
FIG. 506,1. *L. murrayi (AGASSIZ); 1a-d, aboral,
oral, lat., post., X 0.75; 1e, apical system, en!.
(2) .

Megapetalus CLARK, 1929, p. 259 [*M. lovenioides;
00]. Differs from all known asterostomatids in
having 5 equal, very large, flush, open petals;
gonopores 4; fascioles lacking. Mio., N.Am.
(Calif.).--FIG. 506,2. *M. lovenioides; 2a,b,
aboral, oral, XO.75 (226).

Moronaster SANCHEZ ROIG, 1952, p. 13 [*M.
moronensis; 00 J. 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.J Eoc., Cuba.--FIG. 507,2. *M. moronen
sis; 2a,b, aboral, oral, XO.75 (216d).

Palaeobrissus A. AGASSIZ, 1883, p. 56 [*P. hilgardi;
aDJ. Test oval, depressed, lacking frontal sinus;
gonopores 2 (posterior) in young specimens, I
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 fasciole pres
ent in young, obliterated in adults; no peripetalous
fasciole. Rec., AntilIes.--FIG. 507,1. *P. hil
gardi; 1a-c, aboral, oral, post., X 1.5; 1d, apical
region, X 4 (136i). [=Palaeobryssus MEISSNER,
1903, p. 1343 (nom. van.) (obj.).]

Palaeotropus LOVEN, 1872, p. 1085 [*P. josephinae;
00]. Differs from Palaeobrisstls in having uni-
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FIG. 510. Asterostomatidae (p. U62i-U625).
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Pycnolampas

FIG. 511. Asterostomatiuae (p. U625).

serial ambulacral plates in apical area, and in
being completely nonpetaloid. Rec., trop. At!'-
FIG. 508,2. '"P. josephinae; 2a-c, aboral, oral, post.,
X1.5 (l75c); 2d, apical region, en!. (136i).

Paleopneustes A. AGASSIZ, 1873, p. 223 ['"Po crista
tus; OD ](=Palaeopneustes DUNCAN, 1889, p.
223 (nom. van.)]. Test high, roundly conical,
lacking frontal sinus; apical system central, with
3 gonopores; 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. ?Tert., N.
Am.; Rec., Gulf Mexico-Carib.--FIG. 509,1. '"P.
cristatus, Rec., Gulf Mexico; la-c, aboral, oral,
lat., XO.5 (175a).

Paleotrema KOEHLER, 1914, p. 45 ['"Palaeotropus
loveni A. AGASSIZ, 1881, p. 204; OD] [=Palaeo
trema KOEHLER, 1914, p. 45 (laps. cal.)]. Re
sembles Palaeobrissus but completely nonpetaloid,
and has 3 gonopores, anterior one lying in madre
porite. Rec., IndoPac.--FIG. 508,1. '"P. loveni
(AGASSIZ); la-d, aboral, oral, lat., post., X2 (2);
Ie, apical region, X 4 (l36h).

Peripatagus KOEHLER, 1895, p. 231 [*P. cinctus;
OD]. Small, nearly circular in outline, with faint
frontal sinus; gonopores 3 or 4; ambulacra com
pletely nonpetaloid, having only few, simple pores;
marginal fasciole present. Rec., Azores.

Platybrissus GRUBE, 1865, p. 61 [*P. roemeri; 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. [=Platybryssus MEISSNER, 1903, p. 1343
(nom. van.) (obj.).]
P. (Platybrissus). Test relatively narrow, peri

stome narrow, tubercles small, phyllodes mod
erately developed. Mio.-Rec., IndoPac.--FIG.
510,1. '"P. (P.) roemeri, Rec.; la-c, aboral, oral,
post., Xl; ld, apical system, X6 (136h).

P. (Eurypatagus) MORTENSEN, 1948, p. 133 [*E.
ovalis; OD]. Test and peristome broader, tuber
cles larger, and phyllodes deeper than in P.
(Platybrissus). Tert., Java; Rec., IndoPac.-
FIG. 510,3. *P. (E.) ovalis, Rec.; 3a-c, aboral,
oral, post., XI (136h).

Plesiozonus DE MEI]ERE, 1902, p. 12 ['"Plesiozonus
hirsutus; OD]. Resembles Prosostoma in being
large and rounded, with paired petals which are
closed and have their last plates occluded; its
petals are narrower, and test may show shallow
frontal sinus and peripetalous fascioles; gonopores
3; peristome elliptical, anterior, depressed. Rec.,
Philip.-Indonesia.

Prosostoma POMEL, 1883, p. 55 [*Asterostoma
jimenoi COTTEAU, 1870, p. 40; OD] [=Psett
dasterostoma DUNCAN, 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
c1uded; fascioles not ascertained; oral side un
known. Mio., Cuba.--FIG. 510,2. ·P. jimenoi
(COTTEAU); 2a,b, aboral, post., XO.6 (184a).

Pycno1ampas AGASSIZ & CLARK, 1907, p. 252 [·P.
ovijormis; ODJ. 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.--FIG. 511,2. ·P.
ol,ijormis; 2a-c, aboral, oral, post., X 2.7 (21).

Pygospatangus COTTEAU, 1888, p. 977 [·P. sa/vae;
ODJ. Differs from Brisso/ampas in having higher
test and nonpetaloid frontal ambulacrum; differs
from A ntillaster and Asterostoma in petals not
reaching ambitus, round conjugate pores, and in
framarginal periproct. Eoc., Spain.--FIG. 511,1.
·P. sa/vae; 1a,b, aboral, lat., XO.6 (l36h).

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 COOKE, 1953, p. 29 [·B. browni; ODJ.

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.J Cret.
(?Campan.), Guatemala.--FIG. 512,2. ·B.
browni; 2a,b, aboral, oral, X I (183).

Cestobrissus LAMBERT, 1912, p. 100 [·C. /orioli;
ODJ. 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.--FIG. 513,1. ·C. /orioli; 1a,b,
aboral, lat., Xl (l36i).

Cottreaucorys LAMBERT, 1920, p. 26 [.Homoeaster
b/ayaci COTTEAU, 1909, p. 248; 00 J. 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.J. U. Cret. (Maastricht.), N. Afr. (Alg.).
--FIG. 513,3. 'c. b/ayaci (COTTEAU); 3a,b, ab
oral, lat., X 1.5 (l84b).

Enichaster DE LORIOL, 1882, p. 30 [·E. ob/ongus;
ODJ. 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.

Barnumia

FIG. 512. Spatangoiua, Suborder and Family Un
certain (p. U625).

Oligo., Italy.--FIG. 514,1. ·E. ob/ongus; 1a,b,
aboral, lat., X 1.5 (205a).

Gonzalezaster SANCHEZ ROIG, 1952, p. 14 ['Nl/do
brisSlls /amberti SANCHEZ ROIG, 1949, p. 222 J.
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.
--FIG. 512,1. ·G. /amberti (SANCHEZ ROlG),
la,b, aboral, oral, XO.5 (216d).

Homoeopetalus ARNOLD & H. L. CLARK, 1934, p.
146 [·H. axi%gus; ODJ. 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. Te,·t., Jamaica.--FIG. 514,
3. ·H. axi%gtls; 3a,b, aboral side, Xl (177).
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FIG. 514. Spatangoida, Suborder and Family Uncertain (p. V625, V627).

Mazzettia LAMBERT & THIERY, 1915, p. 192 [pro
Mallzollia POMEL, 1883, p. 29 (11011 BRUI:-IA,
1870)] ['Mare/ia pare/i MA:"ZO:"I. 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 Mazze/lia is not closely related to any
echinoid with subanal fascioles. If its structure has
been correctly described it stands apart from other
spatangoids.] iHio., ltaly-Sardinia.--FIG. 513,4.
·M. pare/i (MA:"ZO:-lI); 4a,b, aboral, oral, XO.75
(206a).

Niponaster LA~IBERT, 1920, p. 45 [·N. 11Okkaidell

sis: OD]. Adorally flat, aborally arched: apical
system ethmophract, gonopores 4; petals long, open,
undifferentiated, flush; fasciole described as mar
ginal but may be peripetalous. Amphisternous
plastron places genus among spatangoids, but
family uncertain. V.Cre/., Japan.

Nudobrissus LA~IBERT, 1920, p. 27 [pro Dic/yas/er
STEFA:"I:-II, 1908, p. 472 (11011 ALCOCK & WOOD
MAso:-l, 1896)] ['PericosmtlS mala/illtlS MAZZETTI,
1885, p. 13; OD]. Resembles Spa/allgus (Pla/y
spa/allgtlS), but with pore pairs of frontal ambula
crum placed obliquely, and bearing more numer
ous large tubercles; nature of fascioles uncertain.
,l1io., Italy.--FIG. 513,5. ·N. mala/ill tIS (MAZ
ZETTI); 5a,b, aboral, oral, X I (220).

Pusillaster LA~IBERT, 1920, p. 17 [·P. dallollii;
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.] V.Cre/.(Maas/rich/.), N.
Afr.(Alg.).--FIG. 513,2. ·P. dallonii; 2a, ab
oral, Xl; 2b, part of petals, en!. (l36h).

Royasendia AIRAGHI, 1901, p. 213 [·R. callal'arii;

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.] V.Eoc., Italy.--FIG. 514,2.
·R. callal'arii; 2a,b, aboral, lat., X2 (l76a).
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SUMMARY OF SPATANGOIDS

The following Table 1 provides a com
parative survey of main morphological fea
tures of spatangoid echinoids which have

been described and illustrated and it shows
their relation to the suborders and families
recognized in the Treatise.

TABLE 1. Taxonomic Divisions and Morphological Features of Spatangoids

APICAL PRIMARY
TAXA SYSTEM FASCIOLES SPINES SPECIAL FEATURES

TOXASTERINA
Toxasteridae ethmophract generally none protamphisternous to

none mesamphisternous

HEMIASTERINA
Hemiasteridae ethmophract peripetalous none pwtamphisternous to

to ethmolytic mesamphisternous
Palaeostomatidae ethmophract peripeta]ous 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
Aeropsidae ethmophract peripetalous none anterior ambulacrum petaloid,

to ethmolytic paired ambulacra nonpetaloid

MICRASTERINA
Mierasteridae ethmophract subanal none mesamphisternous

to transitional
Brissidae ethmophract peripetalous present ultramphisternous

to ethmolytic + subanal
Spatangidae ethmolytic subanal present holamphisternous, ant.

ambulacrum nonpetaloid

Loveniidae ethmolytic internal, present ultramphisternous, ant.
peripeta]ous ambulacrum nonpetaloid
(some), subanal
(mostly)

ASTEROSTOMATINA
Asterostomatidae ethmolytic various or present ultramphisternous, reduced

none (mostly) petals, spines, fascioles

NEOLAMPADOIDS

By J. WYATT DURHAM and CAROL D. WAGNER

Order NEOLAMPADOIDA
Philip, 1963

[nom. transl. e/ correct. DURHAM & WAGNER, herein (ex sub
order Neolampadina PHILIP, 1963, p. 725] [Materials for this
order prepared by J. WYATT DURHAM and CAROL D. WAGNER)

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.Eoc.-Rec.

The seven genera referred to this order
are mostly poorly known and understood.
Seemingly only two of the living species
(Neolampas rostellata and Tropholampas
loveni) are known from more than one or
two described specimens. Until recently
(PHILIP, 1963) the group had not been re
ported in the fossil record. The two genera
(Pisolampus PHILIP and Notolampas
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FIG. 515. Neolampadidae (p. U630).

PHILIP) 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-

lam pas), although most specimens seem
to have been taken between 135 and 400 m.
The apical system of females in Tropho
lam pas and A nochanus 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

[NeoLlmpadi,Lte L\MBf.RT. 191R, p. 12 (34),40 (62)J

Characters of order. UEoc.-Rec.
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FIG. 516. Neolampadidae (p. U630).

Neolampas A. AGASSIZ, 1869, p. 271 [*N. roslellata;
aD]. 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. Ree., Atl.-Medit.-
FIG. 515,2. *N. /'Osiellala, Florida Straits; 2a, ab
oral view. male, X4; 2b, aboral view, female,
X3; 2e, oral view, X3; 2d, profile view, X3;
2", reristomial area. X8 (Kier, n).

Anochanus GRUBE, 1868, p. 178 [*A. sinensis;
aD]. Small, oval; ambulacra apparently with
simple primaries only, nonpetaloid, pore pairs un i
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 DE MEIJERE, 1902, p. 8 [*A. ecllino
brissoides; aD]. 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, I hydropore; periproct supramarginal, in
groove; peristome anterior, transversely oval;
ophicephalous and tridentate pedicellariae. Ree.,
Timor-S.Sulu Sea.--FIG. 515,3. *A. eehinobriss
oides; 3a, aboral view, X2; 3b, profile, X1.3;
3e, peristomial area, enlarged (208).

Nannolampas MORTENSEN, 1948, p. 339 [*Neo
lampas tene"a DE MEIJERE, 1902, p. 8; aD]. Like
Neolampas except apical system with separate
genital plates, 2 genital pores; no occluded plates
iH ambulacra adorally. Ree., Timor.

Notolampas PHILIP, 1963, p. 719 [*N. f/oseulus;
aD]. Test elongate posteriorly; apical system
monobasal, 3 genital pores; ambulacra with single
pores adapically; periproct inframarginal; floscelle
developed, included plates in phyllodes. L.Mio.,
Australia.--FIG. 516,2. *N. f/oseulus; 2a-e, ab
oral, oral, post. view, X 2; 2d, adoral plate ar
rangement, X 3.5 (l42a).

Pisolampas PHILIP, 1963, p. 718 [*P. eoneinna;
aD]. 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.Eoe., Australia.--FIG. 516,1. *P.
eoncinna; 1a-c, oral, post. and aboral views, X2;
1d, adoral plate arrangement, X 3.5 (l42a).

Tropholampas H. 1. CLARK, 1923, p. 395 [*Catopy
gllS loveni STUDER, 1880, p. 878; aD]. Very small,
subconical aborally, flattened orally; ambulacra
nonpetaJoid, pores uniserial adorally, absent ab
orally, ambulacra somewhat discontinuous with
apical system which is deeply sunken in female,
slightly concave in male, with 4 genital pores,
I 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. Ree., S.Afr.--FIG. 515,1. *T. loveni
(STUDER); 1a,b, aboral views of female and male,
X2.5; 1c,d, oral and profile views, X2.5 (l36f).
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GNATHOSTOMATA or ATELOSTOMATA

U631

Order UNCERTAIN
[Materials for this section prepared by CAROL D. WAGNER and

J. WYATT DURHAM, University of California at Berkeley]

The five following inadequately known
irregular genera have usually been asso
ciated 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 tetrabasal 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, 1855, p. 713 [*Hyboclypus

elatus DESOR in AGASSIZ IN DESOR, 1847, p. 152;
SD COTTEAU, 1873, p. 333] [=Desoria COTTEAU,
1855, p. 221, (obj.) (non NICOLET, 1842; nee
GRAY, 1851)]; Paehyclypus DESOR, 1858, p. 195
(type, Dysaster semigloboStls DESOR, 1842, p. 18);
Paehyclypeus COTTEAU, 1873, p. 389 (nom. null.)].
Medium-sized to large, low-arched aborally, pul
vinate orally; trivium somewhat separaled 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, no bourrelets or phyllodes; pri
mary tubercles perforate, noncrenulate, scrobiculate,
not in vertical series. [Apical system suggestive
of some Holasteroida.] Jur.( Oxford.-Kimmeridg.},
Eu.--FIG. 517,2. *D. elata (DESOR), Oxford.,
Eng.; 2a,b, aboral, end views, XO.7; 2e, apical
system, X 1.5 (224).

Galeroc1ypeus COTTEAU, 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
system subcentral, complemental plates separating
posterior ocular plates, 4 genital plates; periproct
supramarginal, in slight groove; peristome slightly
anterior, sunken, subdecagonaJ, no bourrelets;

tubercles perforate, crenulate, indistinctly scrobi
culate. M.Jur.(Bathon.}, Fr.--FIG. 517,3. *G.
peroni; 3a, aboral, XO.7; 3b, adoral portion of
ambulacrum, enlarged; 3e, apical system, X 10
(Kier, n; 27b).

Infrac1ypeus GAUTHIER, 1875, p. 23 [*1. thalebensis;
OD]. Large, aboral side low-arched, oral side
nearly flat, outline round; ambulacra of simple
primaries throughout, pores small, in oblique pairs,
not conjugate; apical system central, somewhat
elongate, 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.(TitllOn.}, Algeria.--FIG.
517,4. *1. thalebensis; 4a-e, aboral, oral, profile,
XO.75; 4d, adoral portion of ambulacram I,
XIO (Kier, n; 35).

Loriolella FUCINI, 1904, p. 1 [*Cidaris Iudovici
MENEGHINI, 1867, p. 17; OD] [=Pseudopygaster
HAWKINS, 1922, p. 213 (type, P. eos)]. Corona
large, low arched, oral side flattened; 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
ambulacral plates each with large single primary
tubercle situated close to ad radial margin; miliary
tubercles numerous. L.Jur.(U.Pliensbaeh.}, Italy
Iran.--FIG. 517,5a,b. *L. ludovici (MENEGHINI),
Italy; 5a,b, oral, post. views, Xl (136f).--FIG.
517,5e. L. eos (HAWKINS), Iran; part of ambula
crum I, enlarged (l96c).

Menopygus POMEL, 1883, p. 52 [*Galeropygus
nodoti COTTEAU, 1859, p. 52; OD] [=Pyrinodia
POMEL, 1883, p. 53 (type, Desorella guerangeri
COTTEAU, 1862, p. 67; Pyrenodia POMEL, 1883, p.
130 (nom. null.)]. Small to medium-sized, out
line round or slightly ovoid; ambulacra of simple
primary plates, pore zones simple, pores larger
adapically; 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.( Bajoe.-Raurae.} , Eu.--FIG.
517,1. *M. nodoti (COTTEAU), Raurae., Fr.; la-e,
aboral, oral, lat. views, X I (36).
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FIG. 517. Gnathostomata or Ate!ostomata, Order Uncertain (p. V63 I).
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DOUBTFUL NOMINAL GENERA
OF ECHINOIDS

Amygdala GRAY, 1825, p. 431. [Unrecognizable
spatangoid. ]

Bathyspatus POMEL, 1883, p. 39. [Unrecognizable
juvenile schizasterid.]

Brissoides LESKE, 1778, p. 29. [?Spatangoida.]
Cardiopatagus POMEL, 1883, p. 32. [?Spatangoida.]
Cassis PARKINSON, 1811 (non SCOPOLI, 1877), p. 21

(see QUENSTEDT, 1874, p. 586). [?Spatangoida.]
Cataproctus LAMBERT, 1931, p. 147.
Coenocentrotus CLARK, 1912, p. 348.
Conodypeus GRAY, 1840 (nom. nud.), p. 64.

[?Cassiduloida, Family GaleriIidae.]
Corystus POMEL, 1883. [?Cassiduloida.]
Diegocorys LAMBERT & THIERY, 1925.
Discogalerus QUENSTEDT, 1873 (nom. nud.), p. 411.

[Cassiduloida, ?Family Galeritidae.]
Echinobrissus BREYNIUS in POMEL, 1883, p. 58.
Echinonaus DE LA BECHE, 1822, p. 42 (nom. van.

pro Echinopygus D'ORBIGNY, 1856).
Insuflaster BORCHARD in D'ORBIGNY, 1854, p. 124

[=Insuftllaster AGASSIZ, 1872, p. 65 (nom.
null.)] .

Mecostobrissus LAMBERT, 1912, p. 30 [=?Nucleoltls
VON MARTENS, 1866].

Melobosis GIRARD, 1851, p. 364 [=Melebosis
GIRARD, 1851, p. 365 (nom. null.)].

Mengaudia LAMBERT, 1917, p. 105.
Neopatagus SANCHEZ-ROIG, 1953, p. 258. [?Spatang-

oida.]
Nucleolus VON MARTENS, 1866, p. 179.
Oligopodia DUNCAN, 1889, p. 176.
Ova GRAY, 1825, p. 431 [=Ovtlm DE BLAINVILLE,

1830, p. 184 (nom. van.)]. [?Spatangoida.]
Pleraster QUENSTEDT, 1874, p. 666. [?Spatangoida.]
Proechinus CUENOT, 1891, p. 644. [Paleozoic non

cidaroid.]
Spatangus LESKE, 1778, p. 230 [=Spatangites

LESKE, 1778, p. 244 (nom. van.)]. [?Spatang
oida.]

Tingitanaster LAMBERT & THIERY, 1925, p. 603.
Trichaelina BARROIS, 1887, p. I. [?Echinacea.]
Trichodiadema AGASSIZ, 1863, p. 354. [?Diade-

matacea.]
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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 C and Drays
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 pieces, but in
Apodida and Arthrochirotida commonly
more than 10; articulated axial skeleton in
tentacles of Arthrochirotida. [Holothurians
are marine, generally benthonic inverte
brates 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 at all depths
but are most abundant in warm shallow
waters. The class possibly is polyphyletic.)
?Ord., L.Dev.-Rec.

DEFINITION

Class HOLOTHUROIDEA
de Blainville, 1834

[nom. transl. ORTON, 1876, p. 253 (ex ?order-rank unstated
-Holothuroidea E. P. WRIGHT, 1868, p. 652, nom. correct.
pro order Holothuridea DE BLAINVIl.U:, p. 188)] [=Fistulides
LAMARCK, 1801; order Cylindroides DE BLAINVILLE, 1822; order
Fistulidae FLEMING, 1822; Holothurina BRANDT, 1835; Scyto~

dermata BURMEISTER, 1837; order Holothuriadae FORBES, 1840;
order Cirrhis Vermigrada FORBES, 1841; Ascidiastella AUSTIN
& AUSTIN, 1842; order Holothuriae MULLER & TROSCHEL, 1842;
order Holothuridae GERVAIS in D'ORBIGNV, 1845; order Holo
thuriacea DUBEN & KOREN, 1846; order Holothurioidea VON
SIEBOLD, 1848; Holothurida GRAY, 1848; Scytactinata BRONN,
1860J [Diagnosis prepared by DON L. FRIZZELL, HARRIET
EXLINE, & D. L. PAWSON. Research on authorship and syn~

onymy of class by H. B. FELL and /. W. DURHAM.]

Armless, mostly unattached echinoderms,
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-

PHYLOGENY AND EVOLUTION OF HOLOTHUROIDS

By DAVID L. PAWSON

[Smithsonian Institution]

INTRODUCTION
Most echinoderms are well known as fos

sils, for their calcareous exoskeletons are
readily preserved, but the holothuroids are
poorly known in the fossil record. Very few
entire holothurian fossils are known (5),

and according to MADSEN (1956, 1957) sev
eral Cambrian fossils discovered and de
scribed by WALCOTT (1911, 1918) as holo
thuroids should now be interpreted as coel
enterates and annelids. However, more re
cently LEHMANN (1958) and SEILACHER
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(1961) have described some unequivocal ho
10thurians 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
holothurian sclerites is that of DEFLANDRE
RIGAUD (1953, 1962) and FRIZZELL & Ex
LINE (1955). 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 several 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 T hUl'oholia and the Devonian
and later genus Eocaudina 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.

Morphological and other evidence points
to a close relationship between holothuroids
and echinoids. The primitive Ordovician
echinoids Aulechinus, Ectinechinus, and Eo
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) in
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, Helico
placus had no regularly arranged meridional
ambulacra.

Early holothurians 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 is a test retained.
Remarkably, all of the plated genera now

extant are found in a single subclass, the
Dendrochirotacea (12).

FELL (4) inferred that the ambulacral
plate system of edrioasteroids is possibly
homologous with the calcareous ring of ho
lothuroids. This suggested homology is
very striking in the case of the complex cal
careous ring, such as is found in the genera
Placothul'ia, Pentadactyla, and others (Fig.
95, 2,3,4). FELL (4) believes that the cal
careous ring has arisen as a consequence of
the development of an introvert (a structure
found only in the subclass Dendrochirota
cea). If the holothurian calcareous ring
does, in fact, 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 holothuroids, 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 in
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 discussed below.

It is possible, then, that primitive holo
thuroids may have possessed both a complex
calcareous ring and plates in the body wall.

PLACOTHURIIDAE
If the assumptions made previously are

correct, then the family Placothuriidae
(comprising the single presently known ge
nus Placothul'ia) 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, pI.
7; 12).

SHAPE OF TENTACLES
Throughout the class Holothuroidea the

shape of the tentacles surrounding the
mouth is a character employed in separating
major taxa (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 simpler stages. Such
stages would probably be tentacles resem
bling relatively unmodified tube feet. Thus
it seems reasonable to regard the genera
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
holothuroids (12) the dendrochirotes are
placed before the dactylochirotes, the tenta
cles of the latter group being regarded as
secondarily simplified. The tentacles of
molpadid and apodid holothuroids 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, Vaneyelli
dae, and Rhopalodinidae, which share some
interesting and important features. The
body of all genera is invested in a test of
overlapping or contiguous skeletal plates ap
proximately 1 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 Vaneyellidae, the body is relatively flex
ible and fusiform, but usually assumes a U
shape, whereas in the Ypsilothuriidae and
Rhopalodinidae the body is rigid. In the
Ypsilothuriidae the mouth and anus are
placed at the ends of short "siphons," while
in Rhopalodinidae the body is flask-shaped,

FIG. 518. Holothuroid tentacles (diagram.) (PAW
SON & FELL, n).--l. 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 has 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 Psolidae 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 HEDING &
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 are the subfamilies
proposed by PANNING (1949) in his revision
of the Cucumariidae, as then known. In a
revised classification of the Holothuroidea
proposed elsewhere (12), the taxa employed
by PANNING (1949) and HEDING & 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 processes rudimentary
or lacking-Cucumariinae, Colochirinae,
Thyonidiinae.

The boundary between the second and
third groups is not clearly defined, and sug
gests a gradual evolutionary sequence.

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 solid substrate by the
tube feet surrounding the sole. In the genus
Psolus no tube feet occur on the dorsal side
of the body, but they are present, though
rudimentary, in the related genus Psolidium.
No psolid is known to possess a complex
calcareous ring. Psolids exhibit strong bilat
eral symmetry, which is manifest even in
young stages. Internal 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
tion of the calcareous deposits on the ventral
side of the body, in response to adoption of a
sedentary way of life. The psolids may be

regarded as pelmatozoan holothuroids;
many other dendrochirotes exhibit this ten
dency toward a pelmatozoan habit.

OTHER HOLOTHURIAN
GROUPS

No special attention has been directed
here to other holothurian assemblages, re
sp~ctively grouped in the subclass Aspido
chIrotacea (orders Aspidochirotida, Elasipo
dida) and the subclass Apodacea (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 (Aspidochirotida ) or
elongate sensory processes (Elasipodida).
THEEL (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
deep-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 absence 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 evolution
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 to incorporate into
the classification the fossil families diag
nosed by FRIZZELL & EXLINE (5) and DE
FLANDRE-RIGAUD (2). The scheme below
does not differ greatly from that proposed
by DEFLANDRE-RIGAUD (2). As can be seen,
the two classifications can be united only
when some of the fossil families are subdi-
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vided. It is hoped that in the future a classi
fication satisfactory to both paleontologists
and neontologists will emerge.

Subclasses and Orders oj Holothuroids
Class HOLOTHUROIDEA
Subclass DENDROCHIROTACEA
Order Dendrochirotida: includes fossil families

Calclamnidae, Priscopedatidae (part), Stichopiti
dae (Binoculites), Schlumbergeritidae; and extant
families Placothuriidae, Paracucumidae, Psolidae,
Phyllophoridae, Sclerodactylidae, Cucumariidae.

Order Dactylochirotida: includes extant families
Ypsilothuriidae, Vaneyellidae, Rhopalodinidae.

Subclass ASPIDOCHIROTACEA
Order Aspidochirotida: includes fossil families Sti

chopitidae, (except Binoculites and Calcligula),
Priscopedatidae (pan); and extant families Holo
thuriidae, Stichopodidae, Synallactidae.

Order Elasipodida: includes fossil families Proto
caudinidae, Theeliidae (Palaeochiridota pri-
mael,a); and extant families Deimatidae,
Laetmogonidae, Elpidiidae, Psychropotidae,
Pelagothuriidae.

Subclass ApODACEA
Order Apodida: includes fossil families Achistri

dae, Synaptitidae, Calcancoridae, Theeliidae (ex
cept Palaeochiridota primaeva); and extant fam
ilies Synaptidae, Chiridotidae, Myriotrochidae.

Order Molpadiida: includes fossil families Stichopi
tidae (Calcligula), Exlinellidae; and extant fam
ilies MoJpadiidae, Caudinidae, Gephyrothuriidae.

Subclass and order UNCERTAIN
Fossil families Etheridgellidae, Calclyridae.

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 Dendrochiro
tacea. The initial body shape may have been
cylindrical, with mouth and anus at opposite
poles, but independent pelmatozoan and
eleutherozoan lines probably evolved on sev
eral occasions. 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 famous 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 species was named by
MUNSTER in 1843 (32; Synapta sieboldii).
Curiously, this specimen is the only synap
tid-type anchor ever to be recorded from the
Jurassic.

Critical study of fossil holothurian scle
rites began with an account of British Car
boniferous forms by ETHERIDGE in 1881
(12), and of French Eocene specimens by
SCHLUMBERGER in 1888 (39) and 1890 (40).
Both authors described subjective assem
blages, attempting to relate their taxa to the
Linnean classification of Recent Holothur
oidea. SCHLUMBERGER, however, at the sug
gestion of THEEL, 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 CRONEIS & MCCORMACK (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. CRONEIS later proposed the
"ol'do milital'is," a parataxonomic and non-
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Linnean classificatory arrangement intend
ed for use outside the conventional rules of
zoological nomenclature, that currently is
accepted by some European specialists.

FRIZZELL & EXLINE (14) published a
monographic review of fossil holothurian
sclerites in 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 DEFLANDRE-RIGAUD (10). Her mono
graph follows the pattern of FRIZZELL & Ex
LINE, but within the framework of CRONEIS'
"arda 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 RIOULT in
1961 (37), with his detailed zonation of se
lected sclerite species of the Jurassic (Lias).
RIOULT demonstrated that some holothuri
an species had remarkably short strati
graphic ranges, and that their sclerites may
be used in practical biostratigraphy.

The latest development in taxonomy of
sclerites is the advent of quantification. Sta
tistical studies by HAMPTON (22,23) and
CARINI (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 (1965), KRISTAN-ToLLMANN is
studying fossil holothurian remains in
Austria, having contributed notably to
knowledge of the sclerite faunas of both
Triassic (30a, 30d) and Miocene (30b) age.

STATUS OF CURRENT KNOWLEDGE

Sclerite assemblages are very incompletely
known, even though the number of nominal

species has doubled during the decade of
1956-65 (compare FRIZZELL & EXLINE, 14,
p.35-42). Moreover, 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
contributions of DEFLANDRE-RIGAUD. 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-Carboniferous 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
received scant notice. Virtually no work
has been done on Cretaceous faunas and
very little 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 investigation. Classifica
tion and nomenclature are essential prereq
uisites to the recording of stratigraphic and
paleoecological data, and much more infor
mation must be compiled before satisfactory
conclusions may be formulated.

Probably the most rewarding investiga
tion, in terms of new genera and species,
would be research on the sclerite assem
blages of Cretaceous and Cenozoic 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 Gulf and Atlantic
coastal plains and coasts. No doubt the
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FIG. 519. Representative Recent ho1othurians (14,
fig. 1-5).--1. "Cllwmaria" planci (BRANDT).-

2. Molpadia mwclIlw (RISSO).--3. Rlwbdomolgw
ruber KEFERSTEIN.-4a,b. Deima atlantiwm

HEROUARD.--5. Pelagotllllria natatrix LUDWIG.

same situation is to be found 1ll 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 separation 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
problems, and with abundant material
known to be available, would be an investi
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 to 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 buccal 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 are marked by double
rows of podia, 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
pseudotest of certain groups, the supporting
structures of the body normally consisting
of the extremely numerous, microscopic,
calcareous sclerites of the body wall.

Departure from the basic pattern of the
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FIG. 520. Morphology of a typical holothurian (14, fig. 6, modified from Parker & Haswell, 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 tail-like appendage. Dor
soventral flattening has occurred in the
elasopodidans (Fig. 519, 4a,b) and an octo
pus-like tentacular development in the aber
rant genus Pelagothuria (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.

Anatomical structures are illustrated in
Figure 520, except for omission of the am
pullae, retractor muscles, and hemal system.
Of major interest to paleontologists 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 tis
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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10

Leptosynopto

FIG. 521. Successive stages in development of anchor
and anchor plate of Leptosynapta inhaerens (0. F.

MULLER) (14, fig. 7a-f).

SKELETAL ELEMENTS

The calcareous ring (peripharyngeal
crown), surrounding the pharynx, typically
is composed of five radial and five or more
interradial plates, the number ordinarily
corresponding to the number of buccal ten
tacles. In some forms, the cloacal opening
is armed with five toothlike anal plates com
posed of calcium carbonate. A madreporite,
also calcareous, is internal and greatly re
duced in size. By far the greatest number of
skeletal elements, however, is that of the
sclerites; HAMPTON (20) has estimated a re
covery of 20,600,000 from a single specimen
of Holothuria impatiens (FORSKAL).

Sclerites are calcareous bodies of diverse
shape and form. They are highly modified
paedomorphic structures, comparable in the
adult holothurian to the larval spicules of its
presumably fully plated ancestors. Never-

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 semirigid appendage, and a sieve plate
at the end of each tube foot supports its suc
tion disk. In apodous 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
burrowing 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 crinoids, asteroids, echinoids, and ophiur
oids (HYMAN, 1955,26). A rod 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 ). Other 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
in 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.

Each holothurian sclerite behaves optic
ally as a single crystal of calcite, 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 be of taxonomic importance
(SCHMIDT,41). Typically, it is perpendicu
lar to the plane of the primary cross
(SCHMIDT'S "lattice-plate rule"). Continu
ing growth in the initial 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
parallel with the ultimate plane of the scle
rite. Isomorphism in sclerites of relatively
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unrelated 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

T,","",to~
~

Ie

FIG. 522. Successive stages in development of Chiri
dota-type wheel, illustrated by Trochodota t'entlSta

(SEMON) (14, fig. 8a-e).

Holothuria

FIG. 523. Intraspecihc variability of sclerites in
(la-e) Holotlwria tlmbrina RUPPELL & LEUCKART

and (2a-h) Halodeima insignis (LUDWIG) (14, fig.
9a-e, lOa-h).

the primary cross, rather than perpendicular
to it.

HAMPTON (20) analyzed chemically the
sclerites of Holothuria impatiens, a circum
tropical littoral species, finding an appreci
able amount (3.36 percent) of magnesium.
Earlier workers had demonstrated, in aster
oid ossicles, a progressive increase in mag
nesium carbonate content with rise in water
temperature. HAMPTON 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. Differences 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. HAMPTON (21) initiat
ed statistical studies with an analysis of dis
coidal sclerites from the Jurassic of England.
In a second paper (22), a mathematical sep
aration was given for assemblages of plates
of the Recent Holothuria impatiens and Cu
cumaria saxicola BRADY & ROBERTSON. Still
later, HAMPTON (23) analyzed statistically a
series of fossil rods from the English Juras
sic, with a resultant reduction of five nomi
nal "species" to a single specific-level taxon.
CARINI (3) presented an analysis of wheels
from the Middle Pennsylvanian of Okla
homa, demonstrating at once a wide range
in variation of number of spokes (6-10) and
a very marked consistency in occurrence of
the modal 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 numerical 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., hooks, anchors, wheels, tables, bas
kets, spectacles, rods, racquets, ladles, discs,
plates, rosettes). In general, morphological
terms are either self-explanatory or defined
in the following glossary. Illustrations are
considered necessary only for hooks (Fig.
524,la,b), tables (Fig. 524,2a,b), wheels
(Fig. 524,3a,b), anchor plates (Fig. 524,4a,
b), and anchors (Fig. 524,5a,b).

Glossary of Morphological Terms Applied
to Holothurians

anchor. Sclerite in shape of anchor; synaptid-type

eye"""--.!.o

'--Sh:"k.--.
lVspear-

10 lb
HOOK

upper side

outer
side

5b

FIG. 524. Terminology of holothurian sclerites (14,
fig. 17-21).

with stock, shank, and 2 or 3 flukes; molpadiid
type lacking stock.

anchor plate. Perforate plate, oval, concavo-convex
or flat, typically with socket at narrow end:
socket may be single or double, extending across
plate or restricted to one or both lateral margins;
holes typically denticulate.

bilaminar. Composed of 2 recognizable layers.
C-rod. Curved rod, usually not branching.
crossbar. Bar crossing eye of hook; also +-shaped

division at center of disc in table.
disc. Tabular component of table; also discoidal

sclerite (typically imperforate).
eye. Ringlike part of hook, in some partly closed

by one or more crossbars; also may occur at end
of rod.

/luke. Recurved component of anchor; 2 or 3 in
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synaptid-type, only 2 in molapadiid-type; may be
denticulate.

hook. Sclerite in form of common hook used in
angling; with eye, 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. See racquet.
lyre. Sclerite consisting of central shaft, short neck,

and 2 marginal arms that join shaft at base and
below neck.

molpadiid type. Referring to sclerites of Recent fam
ily Molpadiidae; specifically, racquets and stock
less anchors.

pillars. Tiny rodlike structures, making up spire or
connecting discrete layers; larger and straighter
than trabeculae.

plate. Tabular 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
discoidal sclerite.

racquet. Straight or slightly arched rod with dis
coidal or elliptical flattened expansion (usually
perforate) at one end (alternatively spoon or
ladle) .

rim. Outer component of wheel; may be recurved;
usually flangelike, but may be circular in cross
section; inclined to plane of wheel or within it;
inner margin of upper side typically denticulate
or dentate.

rod. Elongate sclerite, circular in cross section, with
one or more axes.

shank. In hook, part connecting eye and spear; in
anchor, connection between flukes and (where
present) stock.

sieve plate. Circular, subcircular, or polygonal 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.
spoon. See racquet.
stirrup. Stirrup-shaped component of table; usually

connecting disc and spire; attached to 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
denticula teo

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.

tetraradiate rod. Rod with 4 branches in one plane;
some with 5th branch at 90 degrees to major
plane.

trabeculae. Tiny rodlike connections between layers
of sclerite; smaller and less regular than pillars.

turret. See spire.
turriform. Tower-like; specifically referring to spire

and disc of table.
wheel. Sclerite in form of vehicular wheel, with hub

(usually on lower surface), spokes (typically flat),
and rim; rim usually recurved, commonly denti
culate on inner margin of upper side; central
portion perforate, with indented markings, or
solid and smooth.

COMPLETE FOSSILS
Entire individual holothurians are among

the rarest of fossil invertebrates, only three
species being known: Palaeocucumaria
hunsrueckiana LEHMANN, from the Lower
Devonian of Germany; and Protholothuria
armata GIEBEL and Pseudocaudina brachy
ura BROILI, both from the Jurassic Solnhofen
Limestone of Germany. Numerous other
fossils have been incorrectly referred to the
Holothurioidea (FRIZZELL & EXLINE, 14, p.
30-35; SEILACHER, 42).

Because of their actual or potential bear
ing on the over-all taxonomy of the class,
illustrations and diagnoses of these taxa are
included here.

Order ARTHROCHIROTIDA
SeHacher, 1961

[nom. corral. FRIZZELL & EXI.INE, herein (pro Arthrochirot:l
Sm,AcHER, 1961) I

Holothurians with articulated axial skele
ton in their tentacles; sclerites stout and im
perforate. LDev.

The order is known with certainty only in
the Devonian, although the evidence 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.
Palaeocucumaria LEHMANN, 1958. p. 85 [>P. huns

meckiana; OD]. Characters coextensive with those
of type-specie,;, consisting of snull holothurians
(body length, without tentacles, ca. 20-50 mm.;
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Poloeocucumorio

FIG. 525. PaiacomcI/11laria /lIInsmcc/(ialla LEHMANN
(42, pI. 10, fig. 2a,3).

width, 6-18 mm.) without distinctly set-off am
bulaeral 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,
each with calcareous articulated axial skeleton; cal
careous ring of 5 radials and 10 (or more?) inter
radials (42, p. 67). L.Dcv., Eu.(Ger.).--FIG.
525,1,2. *P. hllnsttteckiana; 1,2, flattened speci
mens showing spinose sclerites of body wall and
unbranched tentacles, X2.5, X4 (42). [non
Palaeocllcumaria 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 GIEBEL, 1857, p. 388 l*P. armata;

SD FRIZZELL & EXLINE, 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 Jurassic;
body lacking tentacles and without trace of longi
tudinal muscles" (14, p. 31). [The peculiar cal,
careous bDdies 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 is eliminated from the genus because it is con
sidered to be a sipunculoid worm.] lur., Eu.(Ger.).
--FIG. 526,1. *P. armata; whole specimen,
Xl (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 BROILl, 1926, p. 348 [·P. bracl,yura;
00] [noll HEDING, 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 em., maximum
diameter 5.2 em., diameter at anterior end, 2.6
em., diameter of posterior portion, 2.0 em.; ten
tacles absent and viscera not preserved; skin with
out sclerites (presumably not preserved)" (14, p.
32).lur., Eu.(Ger.).--FIG. 526,2. ·P. bracllyura;
entire specimen, X I (45).

PALEONTOLOGY OF
HOLOTHURIAN SCLERITES

CLASSIFICATION

The philosophy and practice of taxonomy,
as applied to holothurian remains, have been
discussed at length in recent puhlications
(FRIZZELL & EXLINE, 14; DEFLANDRE-RI
GAUD, 10). FRIZZELL & EXLINE proposed a
dual classification of fossil Holothuroidea
for use in the Treatise, 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
DRE-RIGAUD accepted the sclerite families of
FRIZZELL & EXLINE, 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 & EXLINE
scheme and that of DEFLANDRE-RIGAUD.

The present classification of sclerites is
that of FRIZZELL & EXLINE, with some addi
tions and inclusion of modifications by DE-

FIG. 526. Holothurians.--l. Protholotlltlria armata
GIEBEL, Jur., Ger. (47, pI. 6, fig. 2).--2. Pseudo

caudina bracllyura BROILl, Jur., Ger. (45).

Pseudocoudi no
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FLANDRE-RIGAUD. Subjective assemblages
("taxa" of DEFLANDRE-RIGAUD) 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 DEFLANDRE-RIGAUD. 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 International
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
wholly or in part on fossil sclerites. That
confusion is inherent in deviation from these
principles is indicated in the synonymic en
tries of the section on Systematic Descrip
tions, below.

(1) All binominal names that have been validly
proposed are accepted, subject to 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 priority apply to both
schemes of classification, and a taxon can
not be recognized simultaneously as a single
sclerite type and as a component of an as
semblage.

EVOLUTIONARY TRENDS

Development of holothurians involved
structures of the anatomy to a much greater
extent than the calcareous elements of the in
tegument. Because of the extreme rarity of
complete holothurian fossils, the trends of
evolution remain largely a matter for specu
lation. Limited conclusions, however, may

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 wheels. 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 a~ the synaptid-type 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 lineages. 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 earlier species
(Mississippian), becoming progressively
crossbarred or irregular in later forms Our.
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. Plates, rods, tables, and other
types owe their similarity to an essential de
velopmental feature in common, origin from
the primary cross. In some examples, 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
Synaptitidae). In another example of con
vergence, the quadriperforate wheel of the
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FIG. 527. Morphological features of holothurian
sc1erites (various sources).

Brief accounts of the paleoecology of holo
thurians have been published by FRIZZELL &

EXLINE (15) and of their ecology by DEICH
MANN (11) and incidentally by BRUUN (2)
and DALES (7). FRIZZELL and EXLINE have
given an extended account of holothurian
paleoecology (14, p. 42-45) and ecology (14,
p. 22-30), and HYMAN (26, especially p. 207
218) has included a great deal of important
ecological data.

5
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Protocaudina-Microantyx lineage (Fig. 527,
1,2) is superficially like the generically un
named wheel of "Protocaudina" mortenseni
(Fig. 527,ld). The latter, however, lacks
the expanded rim of Protocaudina and has,
in addition, a stirrup that has not been
found in sclerites of that genus. Conver
gence, 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 Synaptidae
of the Apodida, Chiridota-like 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 T hallatocanthus), whereas
the earliest record of synaptid-type sclerites
is from the Jurassic. Similarly, the fully-plat
ed larva of Cucumaria chronhjelmi THEEL
(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.

PALEOECOLOGY
Holothurians live in all seas and at all

depths, only seldom entering water of low
ered salinity, and it may be inferred that an
cient forms had a similar distribution. They
are most abundant in shallow tropical wat
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 have been in working over the
sediments of the sea floor, with the resultap.t
destruction of initial 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 bodies each year (CROZIER,
1918, according to HYMAN, 26, p. 212).
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Pentactula stage

2

21 -day lorva

FIG. 528. Larval stages (Cucumal'ia chl'onhjelmz
THEEL) (14, fig. 15-16).--1. Pentactula.--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 received taxo
nomic treatment. Rapid evolution seems to
have occurred during the Carboniferous and
Jurassic Periods. That conclusion, however,

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 usefulness.
RroULT (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 ecological tolerance. Known exam
ples of trans-Atlantic distribution are: Pro
tocaudina traquairii (ETHERIDGE), in the
Lower and Upper Carboniferous of Scotland
and Mississippian to Permian of the central
United States; Eocaudina gutschicki FRIZ
ZELL & EXLINE and E. mccormacki FRIZZELL
& EXLINE, in the Lower Carboniferous of
Scotland and Pennsylvanian of Texas; and
Rigaudites cuvillieri (DEFLANDRE-RIGAUD),
in the Paleocene of the southern United
States and Eocene (Cuisian) of France.

The nominal taxa of sclerites, in strati
graphic order, are summarized below.

Stratigraphic Occurrence of Holothurian
Sclerites

PALEOZOIC
ORDOVICIAN

Calclamnidae
T huroholia cl'ibriformis GUTSCHICK
T. crinerensis RESO & WEGNER
T. cl'oneisi GUTSCHICK
T. ovel'brookensis RESO & WEGNER
Other sclerites of possibly holothurian origin,
reported by RESO & WEGNER (34), have been
compared with those of MOl'tensenites and Bino
culites. Their occurrence reinforces interpreta
tion of the sieve plates of T huroholia as holo
thurian remains.

DEVONIAN
Calclamnidae

Eocaudina bohemica (PRANTL)
E. septaforaminalis MARTIN

Etheridgellidae
Palaeocucumal'ia httnsrtfec/(iana LEHMANN
PalaeocuCttmal'ia 11IInsl'ueckiana, based upon a
complete fossil, is included in this list because
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its sclerites if found alone would be referred
without question to the Etheridgellidae. More
typical sclerites, as yet undescribed (1), include
" ... sieve plates, wheels, needles, and a multi

radiate sclerite."
Protocaudinidae

Protocaudina hexagonaria MARTIN
CARBONIFEROUS (undifferentiated)

Stichopitidae
Tetravirga etheridgei FRIZZELL & EXLINE
T. fordelensis FRIZZELL & EXLINE

Calclamnidae
Eocaudina gutse/ticki FRIZZELL & EXLINE
E. mccormacki FRIZZELL & EXLINE
E. scotica FRIZZELL & EXLINE

Achistridae
Achistrttm nie/lOlsoni ETHERIDGE

Protocaudinidae
Protocaudina traquairii (ETHERIDGE)

Paleochiridotidae
Paleochiridota primaeva (ETHERIDGE)
P. robertsoni (ETHERIDGE)

MISSISSIPPIAN
Stichopitidae
Parvispina spinosa (FRIZZELL & EXLINE)
Tetravirga curta FRIZZELL & EXLINE
Uncinulina angulata FRIZZELL & EXLINE
U. arcuata (DEFLANDRE-RIGAUD)

Calclamnidae
Eocaudina cribellum FRIZZELL & EXLINE
E. cribrum FRIZZELL & EXLINE
E. elongata FRIZZELL & EXLINE
E. marginata (LANGENHEIM & EPIS)
E. mccormacki FRIZZELL & EXLINE
E. spicata (GUTSCHICK)

Achistridae
Achistrum breve GUTSCHICK
A. frizzelli LANGENHElM & EPIS
A. ludwigi CRONEIS
A. nicholsoni ETHERIDGE

Protocaudinidae
Microantyx botoni GUTSCHICK
Protocaudina hannai CRONEIS
P. traquairii (ETHERIDGE)

Paleochiridotidae
Paleochiridota plummerae CRONEIS
Rota campbelli GUTSCHICK
R. martini LANGENHEIM & EPIS

PENNSYLVANIAN
Stichopitidae
Tetravirga imperforata FRIZZELL & EXLINE

Calc1amnidae
Eocaudina floydensis SUMMERSON & CAMPBELL
E. gutschicki FRIZZELL & EXLINE
E. irregularis SUMMERSON & CAMPBELL
E. mccormacki FRIZZELL & EXLINE
E. wanlessi SUMMERSON & CAMPBELL
Petropegia radiata SUMMERSON & CAMPBELL
P. spinosa SUMMERSON & CAMPBELL

Etheridgellidae

Etheridgella biconvexa SUMMERSON & CAMPBELL
E. porosa CRONEIS

Achistridae
Acilistrum brownwoodense CRONEIS
A. ludwigi CRONEIS

Theeliidae
Thallata.anthus consonus CARINI

Theelia? hexaneme SUMMERSON & CAMPBELL
ProIOcaudinidae
Protocaudina kansasensis (HANNA)
P. traquairii (ETHERIDGE)

Paleochiridotidae

Paleochiridota plllmmerae CRONEIS
PERMIAN

Stichopitidae

Parvispina harpago KORNICKER & IMBRIE
Uncimtlina lunata KORNICKER & IMBRIE

Achistridae

Achistrum brownwoodense CRONEIS
A. permianum (SPANDEL)

Theeliidae

Protheelia geinitziana (SPANDEL)
ProIOcaudinidae

Microantyx permiana KORNICKER & IMBRIE

Protocaudina kansasensis (HANNA)
P. traquairii (ETHERIDGE)

MESOZOIC
TRIASSIC

Stichopitidae
Rhabdotites rectus FRIZZELL & EXLINE

Calclamnidae
Calclamnoidea canalifera KRISTAN-ToLLMANN
Eocalldina cassianensis FRIZZELL & EXLINE

E.? circllmvallata KRISTAN-ToLLMANN
E. eurymarginata KRISTAN-ToLLMANN
E. grandis KRISTAN-ToLLMANN
E. gllembeli FRIZZELL & EXLINE
E. hexagona KRISTAN-ToLLMANN
E. trema KRISTAN-ToLLMANN
Fissobractites subsymmetricus KRISTAN-

TOLLMANN
Mortensenites insolitus KRISTAN-ToLLMANN

Achistridae
Adtl11C1'lIm triassicum (FRIZZELL & EXLINE)

TheeIiidae
AcantllOtheelia rlzaetica KRISTAN-ToLLMANN
A. spinosa FRIZZELL & EXLINE
Theelia agariciformis KRISTAN-TOLLMANN
T. guembeli KRISTAN-ToLLMANN
T. petasiformis KRISTAN-ToLLMANN
T. pralongiae KRISTAN-ToLLMANN
T. rosetta KRISTAN-ToLLMANN
T. t1Ibercula KRISTAN-ToLLMANN

Protocaudinidae
Microantyx antyx (KRISTAN-ToLLMANN)

Kaliobullitidae
Kaliobullites limbo KRISTAN-ToLLMANN

JURASSIC
Stichopitidae
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Binoculites ;'Tegularis FRIZZELL & EXLINE

B. jurassicus (SAID & BARAKAT)

B. perforatus FRIZZELL & EXLINE

B. terquemi FRIZZELL & EXLINE

Calcligula? ficta DEFLANDRE-RIGAUD

C.? jurassica FRIZZELL & EXLINE

C. perforata FRIZZELL & EXLINE

Cucumarites feifeli (MORTENSEN)

CU. solidus (DEFLANDRE-RIGAUD)

Ornaticannula bonheurei DEFLANDRE-RIGAUD

O. micralcyonarites DEFLANDRE-RIGAUD

O. tesseyrei DEFLANDRE-RIGAUD

Rhabdotites dorsetensis HODsoN, HARRIS &
LAWSON

R. mortenseni DEFLANDRE-RIGAUD

Stichopites mortenseni DEFLANDRE-RIGAUD

Uncinulina polymorpha TERQUEM

U. subrecta FRIZZELL & EXLINE

U. terquemi FRIZZELL & EXLINE

Calclamnidae
Calclamna germanica FRIZZELL & EXLINE

Calclamnella elliptica (DEFLANDRE-RIGAUD)

C. fragosa DEFLANDRE-RIGAUD

C. jurassica FRIZZELL & EXLINE

C. robusta DEFLANDRE-RIGAUD

C. transversa DEFLANDRE-RIGAUD

Calclamnoidea angulata (DEFLANDRE-RIGAUD)

C. collaris (DEFLANDRE-RIGAUD)

C. irregularis FRIZZELL & EXLINE

C. perforata (FRENTZEN)

C. proteus (MORTENSEN)

Costigerites piveteaui DEFLANDRE-RIGAUD

Eocaudina ambigua (DEFLANDRE-RIGAUD)

E. compacta (DEFLANDRE-RIGAUD)

E. dentata (DEFLANDRE-RIGAUD)

E. dentigera (DEFLANDRE-RIGAUD)

E. diplococcus (DEFLANDRE-RIGAUD)

E. diversimeata (DEFLANDRE-RIGAUD)

E. heteropora (DEFLANDRE-RIGAUD)

E. inflata (DEFLANDRE-RIGAUD)

E. micropora (DEFLANDRE-RIGAUD)

E. mortenseni FRIZZELL & EXLINE

E. nigrivaccae (DEFLANDRE-RIGAUD)

E. pauciperforata (DEFLANDRE-RIGAUD)

E. punctifera (DEFLANDRE-RIGAUD)

E. radiata (DEFLANDRE-RIGAUD)

E. robusta (DEFLANDRE-RIGAUD)

E. sparsispinosa (DEFLANDRE-RIGAUD)

E. squamma (DEFLANDRE-RIGAUD)

E. undata (DEFLANDRE-RIGAUD)

Mortensenites circularis FRIZZELL & EXLINE

M. cuneus FRIZZELL & EXLINE

M.? elongatus DEFLANDRE-RIGAUD

M.liasicus (TERQUEM)

ParacuCtlmarites? anceps DEFLANDRE-RIGAUD

P. hamptoni DEFLANDRE-RIGAUD

P. pm-osa DEFLANDRE-RIGAUD

Parvioctoidus spinosus DEFLANDRE-RIGAUD

Etheridgellidae
Frizzellus irregularis HAMPTON

Achistridae

Achistrum bartensteini FRIZZELL & EXLINE

A. bathonianum FRIZZELL & EXLINE

A. bichordatum FLETCHER

A. gamma HODSON, HARRIS & LAwsON

A. issleri CRONEIS

A. monochordatum HODsoN, HARRIS & LAWSON

A. trichordatum FLETCHER

Aduncrum cOl,datum (HAMPTON)

Ad.? pilgrimi (FLETCHER)

Priscopedatidae
Priscopedatus aegyptiacus SAID & BARAKAT

P. affinis DEFLANDRE-RIGAUD

P. dpertus DEFLANDRE-RIGAUD

P. asymmetricus DEFLANDRE-RIGAUD

P. crux DEFLANDRE-RIGAUD

"P." exlineae SAID & BARAKAT

P.? frizzelli SAID & BARAKAT

P. guyaderi RIOULT

P. heteroporus DEFLANDRE-RIGAUD

P. hystrix DEFLANDRE-RIGAUD

P. normannus DEFLANDRE-RIGAUD

P. plenus DEFLANDRE-RIGAUD

P. pseudaffinis DEFLANDRE-RIGAUD

P. spectabilis DEFLANDRE-RIGAUD

P. spinifer DEFLANDRE-RIGAUD

Prisculatrites deflandreae (FRIZZELL & EXLINE)

Pr. schlumbergeri (DEFLANDRE-RIGAUD)

Pr. triceratium DEFLANDRE-RIGAUD

Pr. tricostatus DEFLANDRE-RIGAUD

Staurocumites bartensteini DEFLANDRE-RIGAUD

Exlinellidae
Exlinella frizzelli DEFLANDRE-RIGAUD

Pedatopriscus pinguis (DEFLANDRE-RIGAUD)

Schlumbergeritidae
Schlumbergerites sievertsae DEFLANDRE-RIGAUD

Theeliidae
Auricularites arcuatus DEFLANDRE-RIGAUD

A. parviradiatus DEFLANDRE-RIGAUD

Hemisphaeranthos costifera TERQUEM &
BERTHELIN

H. sieboldi (SCHWAGER)

H. terquemi (DEFLANDRE-RIGAUD)

Micradites incertus DEFLANDRE-RIGAUD

Stueria bajocica (KAPTARENKO-CHERNOUSOVA)

S. carpenteri (MOORE)

S. helvetica (ZWINGLI & KUBLER)

S. malmensis (FRIZZELL & EXLINE)

S. novosundgarica (KAPTARENKO-

CHERNOUSOVA)

S. oreli (KAPTARENKO-CHERNOUSOVA)

S. samarica (KAPTARENKO-CHERNOUSOVA)

T heelia angulata (DEFLANDRE-RIGAUD)

T. atava (WAAGEN)

T. clavata (DEFLANDRE-RIGAUD)

T. convexa (WHIDBORNE)

T. crassidentata (DEFLANDRE-RIGAUD)

T. florealis (FRENTZEN)

T. florida (TERQUEM & BERTHELIN)

T. heptalampra (BARTENSTEIN)

T. mortenseni (DEFLANDRE-RIGAUD)

T.? quinquelobata (TERQUEM)
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T. rigaudae (RIOULT)

T. sinaiensis SAID & BARAKAT

T. speciosa (DEFLANDRE-RIGAUD)

T. vetusta (SCHWAGER)

T. wessexensis HODSON, HARRIS & LAwsON

Protocaudinidae?
"Protocaudina" mortenseni DEFLANDRE-RIGAUD

"P." paucispinosa DEFLANDRE-RIGAUD

Synaptitidae
Ampllitriodites insignis DEFLANDRE-RIGAUD

Sclerothurites clypeus DEFLANDRE-RIGAUD

Spandelites arcuatus DEFLANDRE-RIGAUD

S. irregularis (DEFLANDRE-RIGAUD)

S. lehmanni DEFLANDRE-RIGAUD

Calcancoridae
Calcancora sieboldii (MUNSTER)

CRETACEOUS

Calclamnidae
Eocaudina inaequipora (A. H. MULLER)

E.lobata (A. H. MULLER)

E. multipara (A. H. MULLER)

Achistridae
Achistrum huc1(ei (FRIZZELL & EXLINE)

Theeliidae
Hemisphaeranthos simplex A. H. MULLER

Stueria frankei (0. MULLER)

Thalia rara (A. H. MULLER)

T. rotula (EGGER)

T. venusta (A. H. MULLER)

Synaptitidae
Rigaudites plummerae FRIZZELL & EXLINE

R. spinosus FRIZZELL & EXLINE

R. tallali FRIZZELL & EXLINE

CENOZOIC

PALEOCENE

Synaptitidae
Rigaudites cttvillieri (DEFLANDRE-RIGAUD)

Calcancoridae
Calcancora beurleni TINOCO

EocENE

Calclamnidae
Calclamnella irregularis (SCHLUMBERGER)

C. margaritata (SCHLUMBERGER)

Calclamnoidea inaequalis (SCHLUMBERGER)

Eocaudina? schlumbergeri (DEFLANDRE-RIGAUD)

Priscopedatidae
Priscopedatus anceps SCHLUMBERGER

P. aspergillum SCHLUMBERGER

P. corolla SCHLUMBERGER

P. crassus SCHLUMBERGER

P. cribellum SCHLUMBERGER

P. ec!linatus SCHLUMBERGER

P. eiOeli SCHLUMBERGER

P. multiforis SCHLUMBERGER

P. normani SCHLUMBERGER

P. propinquus SCHLUMBERGER

P. pyramidalis SCHLUMBERGER

Theeliidae
Tlteelia curriculum (SCHLUMBERGER)

T. def/andreae FRIZZELL & EXLINE

T. ingens (JOSHUA)

T.lanceolata (SCHLUMBERGER)

T. undulata (SCHLUMBERGER)

Stueria elegans SCHLUMBERGER

S. operculum (SCHLUMBERGER)

Synaptitidae
Croneisites laevigatus (SCHLUMBERGER)

Rigaudites bastropanus FRIZZELL & EXLINE

R. cttvillieri (DEFLANDRE-RIGAUD)

Synaptites eircularis (SCHLUMBERGER)

S. eocoenus (SCHLUMBERGER)

S. renifer (SCHLUMBERGER)

S. stueri (SCHLUMBERGER)

S. truncatus (SCHLUMBERGER)

Calcancoridae
Calcancora c1taussiensis FRIZZELL & EXLINE

C. cuvillieri DEFLANDRE-RIGAUD

C. gallica FRIZZELL & EXLINE

OLIGOCENE

Stichopitidae
Calcligula elgeri DEFLANDRE-RIGAUD

Calclamnidae
Calclamna fusiform is DEFLANDRE-RIGAUD

Elgerius innienensis DEFLANDRE-RIGAUD

E. ostrea DEFLANDRE-RIGAUD

Eocaudina holsatica (DEFLANDRE-RIGAUD)

E. scabra (DEFLANDRE-RIGAUD)

E. speeiosa (DEFLANDRE-RIGAUD)

Priscopedatidae
Dictyothurites corbisema DEFLANDRE-RIGAUD

D. spatuliger DEFLANDRE-RIGAUD

Priscopedatus conspicuus DEFLANDRE-RIGAUD

Theeliidae
Stueria intercessa (DEFLANDRE-RIGAUD)

S. mirabilis (DEFLANDRE-RIGAUD)

S. undosa (DEFLANDRE-RIGAUD)

Synaptitidae
Croneisites oligocaenicus (SPANDEL)

Rigaudites cunninghami (DEFLANDRE-RIGAUD)

Calcancoridae
Calcancora mississippiensis FRIZZELL & EXLINE

Calcancoroidea spandeli FRIZZELL & EXLINE

C. trifida FRIZZELL & EXLIN E

Calcancorellidae
Calcancorella spectabilis (DEFLANDRE-RIGAUD)

MIOCENE

Stichopitidae
Parvispina Sttbsymmetrica (KRISTAN-ToLUIANN)

Calc1amnidae
Calclamnoidea goniaia KRISTAN-ToLLMANN

C. medioangusta KRISTAN-ToLLMANN

C. ocellata KRISTAN-ToLLMANN

C. spania KRISTAN-ToLLMANN

Eocaudina kuepperi (DEFLANDRE-RIGACD)

E. Sttbtrigonalis KRISTAN-ToLLMANN

E. tortoniensis (DEFLANDRE-RIGAUD)

Mortensenites hemisphaericus KRISTAN-

TOLLMANN

M. reticulatus KRISTAN-ToLLMANN

Pachopsites annulatus KRISTAN-ToLDJANN

Alexandritidae
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FIG. 529. Stichopitidae (p. U662-U664).

60

Uncinulina

30 3c
Binoculites

40 4b

Rhabdoti tes

and branches. fur.-Pleist., Eu.--FIG. 529,7. "0.
bonhetlrei, Jur., Fr.; X 170 (10).

Parvispina KORNICKER & IMBRIE, 1958, p. 94
["Stichopites spinosus FRIZZELL & EXLINE, 1956,
p. 61; OD]. Straight, tapering, spinose rods. Miss.
Mio., N.Am.-Eu.--FIG. 529,1. "P. spinosa
(FRIZZELL & EXLINE), Miss., USA(llI.); X25
(14 ).

Rhabdotites DEFLANDRE-RIGAUD, 1952, p. 9 ["R.
mortenseni; OD] [=Chiridotella DEFLANDRE
RIGAUD, 1961, p. 36 (partim)]. Simple or branch
ing, straight or slightly arched rods; ends knobbed.
T,-ias.-Pleist., Eu.--FIG. 529,4a. "R. morten
seni, Jur., Ger.; X25 (14).--FIG. 529,4b. R.
dorsetensis HODSON, HARRIS & LAWSON, Jur., Eng.;
X30 (25).--FIG. 529,4c. R. bifidus HODSON,
HARRIS & LAWSON, Jur., Eng.; X30 (25).
[=Cllirobaculus FRENTZEN, 1964.]

In, laD ~
Parvispina 2b

Stichopites
2c

Family STICHOPITIDAE Frizzell &
Exline, 1956

[=:Rhabdorotiformidae DEFLANDRE-RIGAUD, 1961]

SYSTEMATIC DESCRIPTIONS

Alexandrites alexandri KRISTAN-ToLLMANN
Theeliidae

Theelia eisenstadtensis KRISTAN-ToLLMANN
T. muellendorjensis KRISTAN-ToLLMANN

Synaptitidae
Croneisites incrassatus KRISTAN-ToLLMANN
C. insignis KRISTAN-ToLLMANN
Synaptites aspis KRISTAN-ToLLMANN
Synaptites austriacus (DEFLANDRE-RIGAUD)
S. pappi (DEFLANDRE-RIGAUD)

Calcancoridae
Calcancora ardtlohamata KRISTAN-ToLLMANN

Rods (including spoons, ladles, and rac
quets), single or multiradiate, solid or per
forate, simple or with one or both ends mod
ified. Carb.-Pleist.
Stichopites DEFLANDRE-RIGAUD, 1953, p. 6 ["S.

mortenseni; OD]. Simple, straight or slightly 80
angular rods, without terminal discs or knobs, not
spinose. fur.-Pleist., Eu.-Egypt.--FIG. 529,2. "S.
mortenseni, Jur., Ger.; 2a-c, all X20 (14).
[=Prostichopus FRENTZEN, 1964.]

Binoculites DEFLANDRE-RIGAUD, 1952, p. 5 ["B.
terquemi; OD]. Simple, straight or slightly arched
rods, eye or flattened perforate disc at each end.
fur., Eu.-Egypt.--FIG. 529,3a. "B. terquemi,
Ger.; X40 (14).--FIG. 529,3b,c. B. issleri
DEFLANDRE-RIGAUD, Ger.; X40 (14). [=Cucu
mariopsis FRENTZEN, 1964.]

Calcligula FRIZZELL & EXLINE, 1956, p. 70 ["C.
perjorata; OD] [=Molpadioites DEFLANDRE
RIGAUD, 1961 (partim)]. Racquets, spoons, and
ladles (molpadiid type); simple rods with single
terminal disc, which is variously perforate. fur.
Pleist., Eu.-Egypt.--FIG. 529,6a. C. elgeri DE
FLANDRE-RIGAUD, Oligo., Ger.; X40 (9).--FIG.
529,6b. "C. perjorata, Jur., Ger.; X50 (14).

Cucumarites DEFLANDRE-RIGAUD, 1952, p. 5 ["Cu
cumaria jeijeli MORTENSEN, 1937, p. 5; OD] [non
DEFLANDRE-RIGAUD, 1949 (nom. nud.); DE
FLANDRE-RIGAUD (1948), 1961, p. 55 (type, Eo
caudina mortenseni FRIZZELL & EXLINE, 1956, p.
88)] [=Ornaticannula DEFLANDRE-RIGAUD, 1961,
p. 44 (partim)]. Tri- and multiradiate rods. fur.
Pleist., Eu.--FIG. 529,8a. "C. jeijeli (MORTEN
SEN), Jur., Ger.; X50 (14).--FIG. 529,8b. C.
solidus (DEFLANDRE-RIGAUD), Jur., Fr.; X 400
(14). [=Proctlcumaria FRENTZEN, 1964.]

Ornaticannula DEFLANDRE-RIGAUD, 1961, p. 44
["0. bonhetlrei; OD]. Angular C-rods with spines
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Tetravirga FRIZZELL & EXLINE, 1956, p. 73 [*T.
imper/ora/a; 00]. Rods with 4 arms in single
plane at 90 degrees. L.Carb.-Penn., N.Am.-Eu.
--FIG. 529,90. *T. imper/ora/a, Penn., USA

(Tex.); X25 (14).--FIG. 529,9b. T. e/heridgei
FRIZZELL & EXLIN E, L.Carb., Scot.; X? (14).

Uncinulina TERQUEM, 1862, p. 433 [*U. poly
morpho; 00] [=Ambt/lacri/es RIOULT, 1960].

Mortensen ite~

Calclamnello

4d

Calclomnoidea

30
Eocaudina

Petropegia

2
Porvioctoidus

40

Calclomnella

Colclomno

Costigerites

FIG. 530. Calclamnidae (p. U664-U665).
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FIG. 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.--FIG. 529,5a. *U. polymorpha, JUl., Fr.;
X25 (l4).--FIG. 529,5b. U. terquemi FRIZZELL
& EXLINE, Jur., Fr.; X25 (14).

Family CALCLAMNIDAE Frizzell &
Exline, 1956

[=PIatanchoriformidae DEFLANDRE-RIGAUD. 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 FRIZZELL & EXLINE, 1956, p. 76 [*C.

germanica; OD]. Bilaterally symmetrical broad
plates; hole pattern cruciform of more than 2
holes. lur., Eu.-Egypt.--FIG. 530,1. *C. ger
manica, Jur., Ger.; 1a,b, X40 (14). [=Cibrum
FRENTZEN, 1964.]

Calclamnella FRIZZELL & EXLINE, 1956, p. 77
[*Priscopedatus irregularis SCHLUMBERGER, 1890,
p. 199; OD]. Elongate perforate plates with holes
in 2 rows. lur.-Pleist., Eu.--FIG. 530,4a,b,. *C.
irregularis (SCHLUMBERGER), Eoc., Fr.; X200
(14) .--FIG. 530,4c. G. tranSl'ersa DEFLANDRE
RIGAUD, Jur., Fr.; X265 (lO).--FIG. 530,4d.
C. ftlSiformis DEFLANDRE-RIGAUD, Oligo., Ger.;
XI05 (9).

Calclamnoidea FRIZZELL & EXLINE, 1956, p. 79
(emend. DEFLANDRE-RIGAUD, 1961, p. 50) [*Pri
scopedatus collaris DEFLANDRE-RIGAUD, 1946, p.
514; OD]. Perforate plates in form of collar,
with broad central space susceptible to closure.

Trias.-Pleist., Eu.--FIG. 530,6. *C. collaris
(DEFLANDRE-RIGAUD), Jur., Fr.; X400 (10).
[=Palaeocucumaria FRENTZEN, 1964.]

Costigerites DEFLANDRE-RIGAUD, 1961, p. 54 [*C.
piveteaui; OD]. Elongate perforate plates with
sides essentially parallel, ornamented with pustules
or bosses; holes in 2 or more rows. lur.-Eoc., Eu.
--FIG. 530,5. *G. piveteaui, Jur., Fr.; X400
(10).

Elgerius DEFLANDRE-RIGAUD, 1959, p. 192 [*E.
ostrea; OD]. Concavo-convex perforate plates, out
line rounded and entire, central part with single
layer, peripheral zone double. Oligo., Eu.--FIG.
530,10. *E. ostrea, Gel.; X 160 (9).

Eocaudina MARTIN, 1952, p. 729 [*E. septafora
minalis; OD] [=Cucumarites DEFLANDRE-RIGAUD,
(1948), 1961 (non DEFLANDRE-RIGAUD, 1952);
Thuroholia AUCTT. (partim) (non GUTSCHICK,
1954)]. Sieve plates (except Ordovician), circular
to hexagonal or irregular, not multilayered. Dev.
Pleist., Eu.-Egypt·N.Am.--FIG. 530,3a. *E.
septaforaminalis, Dev., USA(Iowa); X60 (14).
--FIG. 530,3b. E. gutschicki FRIZZELL & EXLINE,
Penn., USA(Tex.); X45 (14).

Fissobractites KRISTAN-ToLLMANN, 1963, p. 375
[*F. subsymmetrictlS; OD]. Subcircular disc with
numerous radially elongate perforations; 4 major
holes at 90° position; stirrup and spire lacking.
Trias., Eu.(Aus.).--FIG. 531A,2. *F. subsym
metricus; X 82.5 (30c).

Mortensenites DEFLANDRE-RIGAUD, 1952, p. 7
[*Gromia liasica TERQUEM, 1866, p. 402 (=M.
sievertsi); OD]. Multilayered perforate plates with
variable outline. Trias.-Mio., Eu.--FIG. 530,7.
*M.liasicus (TERQUEM), Gel.; X95 (14).

Pachopsites KRISTAN-ToLLMANN, 1964, p. 94 [*P.
annulatus; OD]. Subelliptical perforate plates, with
large eccentric hole; rim of hole thickened. Mio.,
Eu.(Aus.).--FIG. 531B,1. *P. annulatus; X 130
(30b).

Paracucumarites DEFLANDRE-RIGAUD, 1961, p. 67
[*P. hamptoni; OD]. Perforate plates of 2 layers;
2nd layer occupying central part, in some extend
ing to periphery. lur., Eu.--FIG. 530,8. *P.
hamptoni, Fr.; 8a,b, views of same specimen;
X400 (10).

Parvioctoidus DEFLANDRE-RIGAUD, 1961, p. 54 [*P.
spinoStls; OD]. Flat lamellar sclerites, outline
irregular; with 2 holes of very different size. lur.,
Eu.--FIG. 530,2. *P. spinoStls, Fr.; X265 (10).

Petropegia SUMMERSON & CAMPBELL, 1958, p. 966
[*P. radiata; OD]. Sieve plates with peripheral
spines, in some forms spines terminate radial ridges
across sclerite. Penn., N.Am.--FIG. 530,11. *P.
mdiata, USA(Ky.); X16 (43).

Thuroholia GUTSCHICK, 1954, p. 827 [*T. croneisi;
OD]. Sieve plates of Ordovician only; questionably
holothurian. Ord., N.Am.--FIG. 530,9a. *T.
croneisi, USA(IlI.); X40 (l4).--FIG. 533,9b.
T. cribriformis GUTSCHICK, USA(IlI.); X80 (14).
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Koliobullites

Fissobroctites

FIG. 531A. Calclamnidae (2); Kaliobullitidae (1)
(p. U664, 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. Dev.-Jur.
Etheridgella CRONEIS, 1932, p. 144 ["E. porosa;

OD]. Biconvex; pseudospire low or absent; mar
gin smooth. Penn., N.Am.--FIG. 531,1. "E.
porosa, USA(Tex.); X25 (14).

Frizzellus HAMPTON, 1958, p. 309 ["E. irregularis;
OD]. Flat to concavo-convex, margin denticulate.
Trias.-Jur., Eu.--FIG. 531,2. "F. irregulal'is,
Eng.; X85 (21).

Palaeocucumaria LEHMANN, 1958, p. 85 ["P. huns
rueckiana, OD]. Sclerites strongly dimorphic: in
anterior part of animal circular to subcircular,
strongly inflated, without pseudospire; posterior
sclerites with very long spinelike pseudospire; iso
la ted sclerites probably should be described as
individual species of Etheridgella. L.Dev., Eu.

Family ACHISTRIDAE Frizzell &
Exline, 1956

[==Platanchoriformidae DEFLANDRE-RIGAUD, 1952 (parlim);
Achistrulidac DEI'LANDRE-RIGAUD, 1961]

Hooks with eye, shank, and spear. Carb.
Cret.
Achistrum ETHERIDGE, 1881, p. 194 ["A. nichol-

soni; OD] [=Ancistrum BATHER, 1900 (non
MAUPAS, 1883); Cancellrum HAMPTON, 1958;
Spinrum HAMPTON, 1958; Achistrulum DE
FLANDRE-RIGAUD, 1961]. Eye at 90 degrees to
plane of spear, rim entire; eye open or crossed by
simple or bifurcating crossbars. Carb.-Cret., Eu.
Egypt-N.Am.--FIG. 527,3a. "A. nicholsoni, L.
Carb., Scot.; X? (14).--FIG. 527,3b. A. bi
chordatum FLETCHER, Jur., Eng.; X30 (13).-
FIG. 527,3c. A. trichordatum FLETCHER, Jur.,
Eng.; X30 (13).

Aduncrum HAMPTON, 1958, p. 76 ["Achistrum
cordatum HAMPTON, 1957, p. 509; OD]. Eye in
plane of spear; rim of eye not entire, in some
composed of 2 small, recurved, hooklike processes.
Trias.-Jur., Eu.--FIG. 527,4. "A. cordatum
(HAMPTON), Jur., Eng.; X35 (19).

Family CALCLYRIDAE Frizzell & Exline,
1956

Lyres comprising sclerites with central
shaft and neck, 2 marginal arms joining
neck and base of shaft; questionably holo
thurian. Penn.-Perm.
Calc1yra FRIZZELL & EXLINE, 1956, p. 99 ["Prosyn
apta eiseliana SPANDEL, 1898, p. 44; OD] [=Pro
synapta SPANDEL, 1898 (non CUENOT, 1891)J.
Diagnosis as for family. Penn.-Perm., N.Am.-Eu.
--FIG. 531,3. "C. eiseliana (SPANDEL), Perm.,
Gel.; X195 (14).

Alexondrites

FIG. 531B. Calclamnidae (1); Alexandritidae (2)
(p. U664, U668).
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FIG. 532. Priscopedatidae (1,3-5); Exlinellidae (7-8); Schlumbergeritidae (2,6) (p. U666-U667).

Family PRISCOPEDATIDAE Frizzell &
Exline, 1956

[==Turriformidue DEFLANDFE-RIGAUD. 1952}

Tables with perforate disc and central
spire or stirrup or both; holes not denticu
late. Jur.-Pleist.
Priscopedatus SCHLUMBERGER, 1890, p. 192 [*P.

pyramidalis SCHLUMBERGER; SD FRIZZELL & Ex
LINE, 1956, p. 101]. Tables or turriform sc1erites,
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 disc; spire smooth, spiny, or with
costae; outline of disc circular, subcircular, or
polygonal, border smooth, undulating or of in
verted scallops; holes circular, elliptical, or poly
gonal. IlIr.-Pleist., Eu.-Egypt-N.Am.--FIG. 532,
1. *P. pyramidalis, Eoc., Fr.; 1a,b, basal and ob
lique views; X180 (14).

Dictyothurites DEFLANDRE-RIGAUD, 1959, p. 193
[*D. corbisema; OD]. Disc an open trefoil, 3
bosses at center representing spire. Oligo.-Pleist.,
Eu.--FIG. 532,3. *D. corbisema, Oligo., Ger.;
3a, X 105; 3b, X265 (9).

Priscu1atrites DEFLANDRE-RIGAUD, 1961, p. 80
[*Priscopedatus schlumbergeri DEFLANDRE-RIGAUD,
1946, p. 514; OD]. Tables or turriform sc1erites
with stirrup of 3 branches arising between 3
central perforations of disc, spire present in some;
outline of disc subcircular, elliptical, or polygonal;
margin smooth, undulating, or irregular; single
layered except in P. triceratium DEFLANDRE
RIGAUD. lur.-Pleist., Eu.--FIG. 532,4. *P.
schlumbergeri (DEFLANDRE-RIGAUD), Jur., Fr.;
X 400 (10).

Staurocumites DEFLANDRE-RIGAUD, 1952, p. 6 [*S.
bartensteini; OD]. Disc an open quatrefoil; spire
short, with 4-footed stirrup. lur., Eu.--FIG. 532,
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5. *5. bartensteini, Ger.; X50 (14). [=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.
Exlindla DEFLANDRE-RIGAUD, 1961, p. 84 [*E.

jrizzelli; OD]. Periphery smooth; 3 central holes
on one surface and 4 on other surface. f'lY.-Pleist.,
Eu.--FIG. 532,8. *E. jrizzelli, Jur., Fr.; 8a,b,
both sides of holotype; X 400 (10).

Pedatopriscus DEFLANDRE-RIGAUD, 1961, p. 85
[*Priscapedatus pinguis DEFLANDRE-RIGAUD, 1946;
OD]. Outline irregular; single central hole on one
surface and 4 on other surface. fur.-Pleist., Eu.
--FIG. 532,7. *P. pinguis (DEFLANDRE-RIGAUD),
Jur., Fr.; 7a,b, views of paratype; X400 (10).

Family SCHLUMBERGERITIDAE
Deflandre-Rigaud, 1961

Bilaminar or very irregularly multilami
nar perforate sclerites. [The family includes
2 monotypic genera, and may be composite.]
Jur.
Schlumbergerites DEFLANDRE-RIGAUD, 1961, p. 87

[*5. sievertsae; 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. fur., Eu.--FIG. 532,
6. *5. sievertsae, Fr.; 6a,b, views of holotype;
X400 (10).

Arnphitriodites DEFLANDRE-RIGAUD, 1961, p. 93
[*A. insignis; OD]. Regularly perforate; 2 layers
united by short trabeculae, opposingly triangular;
margins not entirdy connected. fur., Eu.--FIG.
532,2. *A. insignis, Fr.; 2a,b, views of holotype;
X400 (10).

Family ALEXANDRITIDAE
Kristan-Tollmann, 1964

Multilayered concavo-convex perforate
plates, angularly pyriform, strongly curved;
small end thickened, thickening continuing
as raised ridge across concave side of plate.
Mia.
Alexandrites KRISTAN-ToLLMANN, 1964, p. 95 [*A.

alexandri; OD]. Diagnosis as for family. Mia.,
Eu.(Aus.).--FIG. 53IB,2. *A. alexandri; 2a,b,
convex surface and lateral view; X 130 (30b).

Acanthotheelia

Micradites

FIG. 533. Thediidae (p. U668).
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Family THEELIIDAE Frizzell & Exline,
1956

[=:Rotiformidae DEFLANDRE·RIGAUD, 1952; Chiridotitidae DE.
FLANDRE-RIGAUD, 1957 (nom. correct. DEFLANDRE·RIGAUD 1961
pro Chiridotitesidae); Rhabdorotiformidae DEFLANDRE-RIGAUO'

1961 (par/im)] ,

Concavo-convex wheels, with outer rim
and inner central portion, spokes connecting
rim and central portion, interspoke spaces
present except in H emisphaeranthos; central
part small, nonquadripartite; spokes long, ta
pering very slightly if at all. Penn.-Pleist.
Theelia SCHLUMBERGER, 1891, p. 197 [*Chirodota

undulata SCHLUMBERGER, 1888; OD] [non Theelia
LUDWIG, 1889, (nom. nud.); Theelia LUDWIG,
1891] [=Chiridotites DEFLANDRE-RIGAUD, 1949;
Chiridotella DEFLANDRE-RIGAUD, 1961 (partim)).
Spokes 6-10; rim inclined to plane of wheel,
curving upward and inward, denticulate on inner
margin, teeth not extending to periphery as seen
from above; center imperforate, typically with
hemispherical or conical tubercle or button. ?Penn.,
Trias. - Neist., Eu.-Egypt-? N. Am.-Australia.-
FIG. 533,2. *T. undulara (SCHLUMBERGER), Eoc.,
Fr.; 2a, lectotype, X205; 2b, XIOO (14).

Acanthotheelia FRIZZELL & EXLINE, 1956, p. 112
[*A. spinosa; OD]. Spokes numerous (10 in type
species); rim in plane of wheel, not denticulate;
periphery scalloped and spinose; central portion
perforate. Trias., Eu.--FIG. 533,4. *A. spinosa,
Italy; X50 (14).

Auricularites DEFLANDRE-RIGAUD, 1950, p. 42 [*A.
parviradiatus; OD]. Tiny wheels resembling those
of Theelia, but with many more spokes (12-28);
differing from 5tueria in having smooth or ex
tremely finely dentate rim. lur., Eu.--FIG. 533,
5a. *A. parviradiatus, Fe.; X 425.--FIG. 533,5b.
A. areuatlls DEFLANDRE-RIGAUD, Fr.; X425 (46).

Hemisphaeranthos TERQUEM & BERTHELIN, 1875,
p. 109 [*H. eostifera; SD FRIZZELL & EXLINE,
1956, p. 128] [=Myriotrochites DEFLANDRE
RIGAUD, 1949 (nom. nud.); Myriotroehites DE
FLANDRE-RIGAUD, 1951, p. 35 (partim) (type,
Chirodota sieboldi SCHWAGER, 1865; SD DE
FLANDRE-RIGAUD, 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. lur.-V.Cret.,
Eu.--FIG. 533,la,b. *H. eostifera, Jur., Fr.;
la,b, lower and upper views; XIOO (14).--FIG.
533,le,d. H. simplex A. H. MULLER, U.Cret., Ger.;
le,d, lower and upper sides, XIOO (31).

Micradites DEFLANDRE-RIGAUD, 1950, p. 43 [*M.
ineertus; OD]. Minute wheels of unestablished
affinities. 1"1'., Eu.--FIG. 533,7. *M. ineertus,
Fr.; 7a,b, opposite sides, X425 (46).

Protheelia FRIZZELL & EXLINE, 1956, p. 111
[*Chirodota geinitziana SPANDEL, 1898, p. 44;

OD]. Spokes numerous (11-13 in type-species),
flat; rim flat, thick, lying in plane of wheel, not
denticulate; with central hub. Perm., Eu.--FIG.
533,6. *P. geinitziana (SPANDEL), Ger.; X 185
(14 ).

Stueria SCHLUMBERGER, 1888, p. 440 [*5. elegans;
OD] [=Aetinoclava O. MULLER, 1911 (proposed
as diatom); Myriotroehites DEFLANDRE-RIGAUD,
1951, p. 35 (partim)). Spokes 11-17; rim in
clined to plane of wheel, curving upward and
inward, coarsely dentate, teeth extending to
periphery as seen from above; hub typically sim
ple. lur.-Pleist., Eu.-Egypt.--FIG. 533,3a. *5.
elegans, Eoc., Eu.(Fr.); X 135 (14).--FIG.
533,3b. 5. malmensis FRIZZELL & EXLINE, Jur.,
Eu.(Ger.); XIOO (14).

Thallatocanthus CARINI, 1962, p. 391 [*T. eon
sonus; OD]. Spokes 6-10; rim denticulate, curv
ing upWO j inward; hub cylindrical, extend
ing below ,.,.ane of opposite sides of wheel. M.
Penn., N.Am.--FIG. 533,8. *T. eonsonus, USA
(Okla.); 8a,b, XI25 (3).

Family PROTOCAUDINIDAE Deflandre.
Rigaud, 1961

[=:Disciformidae DEFLANDRE-RIGAUD, 1952 (partim);
Theeliidae FRIZZELL & EXLINE, 1956 (par/im)]

Wheels with quadripartite center; central
divisions perforate or impressed; spokes very
short; Mesozoic forms with central stirrup
on ?lower side. Dev.-Jur.
Protocaudina CRONEIS, 1932, p. 137 [*Cheirodota?

traquairii ETHERIDGE, 1881, p. 196; OD]. Spokes
8-10; rim inclined to plane of wheel, dentate;
central part large, with 4 central perforations.
Dev.-Perm., Eu.-N.Am.--FIG. 527,la. *P. traqu
airii (ETHERIDGE), Carb., Scot., X? (14) .--FIG.
527,lb. P. kansasensis (HANNA), Penn., USA
(Tex.); X70 (14).--FIG. 527,le. P. hexagonaria
MARTIN, Dev., USA(Iowa); X65 (14).

Microantyx KORNICKER & IMBRIE, 1958, p. 93 [*M.
permiana; OD]. Central divisions impressed on
lower surface; boss on upper surface of central
portion. L.Miss.-Perm., ?Trias., N.Am.-Eu.-
FIG. 527,2. M. botoni GUTSCHICK, L.Miss., USA
(Ind.); 2a,b, upper and lower views; X90 (17).

Unnamed genus "Protocaudina" ("P." mortenselli
DEFLANDRE-RIGAUD, 1946, p. 514; "P." pauei
spinosa DEFLANDRE-RIGAUD, 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; ?Iower surface with
4-footed stirrup rising above central perforations,
attachment between laterally adjacent holes. lur.,
Eu.--FIG. 527,ld. "P." mortenseni DEFLANDRE_
RIGAUD, Fr.; X400 (10).
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Family PALEOCHIRIDOTIDAE Frizzell
& Exline, new family

[==Disciformidae DEFLANDRE-RIGAUD, 1952 (partim}j Thee1ii
dae FUZZELL & EXLINE, 1956 (partim); Protocaudinidae

DHLANDRE-RIGAUD, 1961 (par/im))

Wheels with large nonquadripartite cen
ter; spokes short, rapidly tapering; rim in
clined to plane of wheel. Carbo

Paleochiridota CRONEIS, 1932, p. 139 [OoP. plum
merae; OD). Central part solid, with raised hub
on lower surface, sometimes with pattern of
deeply excavated depressions on lower side. Carb.,
Eu.-N.Am.-FIG. 534,3. OoP. plummerae, Penn.,
USA (Tex.) ; 3a-c, lower, upper, and lat. views;
X90 (14).

Rota LANGENHEIM & EPIS, 1957, p. 170 (sensu

Paleochiridota ./;'

Synaptites

Rigaudites

FIG. )34. Paleochiridotidae (1-3); Synaptitidae (4-5, 7-8); Family Uncertain (6) (p. U670-U671).
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GUTSCHICK, 1959, p. 135) [*R. martini; OD].
Central portion with tiny hole, rim finely to
coarsely denticulate on inner margin [secondary
perforations of rim not confirmed]. Miss., N.Am.
--FIG. 534,1. R. campbelli GUTSCHICK, L.Miss.,
USA(Ind.); X70 (17).

Unnamed genus ("n.gen., n.sp.," GUTSCHICK, 1959,
p. 136). Spokes extremely short; central portion
imperforate; rim inclined to plane of wheel;
each interspoke area on outer side marked by
circular depression about half distance from cen
ter to margin. Miss., N.Am.--FIG. 534,2. "N.
gen., n.sp.," L.Miss., USA (Ind.); ""per and lower
views; X75 (17).

Family KALIOBULLITIDAE
Kristan-Tollmann, 1963

Concavo-convex, compact wheels; with
hub on lower surface and broad rim at 90°
to plane of wheel; spokes lacking, central
portion connected with rim by solid septum.
Trias.
Kaliobullites KRISTAN-ToLLMANN, 1963, p. 377

[*K. umbo; OD]. Diagnosis as for family. Trias.,
Eu.(Aus.).--FIG. 531A,1. *K. timbo; X55
(30c).

Family SYNAPTITIDAE Frizzell &
Exline, 1956

[==Platanchoriformidae DEFLANDRE-RIGAUD, 1952 (partim);
Synaptellidae DEFLANDRE-RIGAUD, 1961]

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 on
outer surface; socket single, double, com
plex, or absent; perforations variable in
number, usually denticulate, with fine teeth
on margins. Jur.-Pleist.
Synaptites DEFLANDRE-RIGAUD, 1949, p. 1 [*5yn

apta eocoena SCHLUMBERGER, 1888, p. 437; SD
DEFLANDRE-RIGAUD, 1952, p. 8] [=5ynaptelltls
DEFLANDRE-RIGAUD, 1961, p. 89 (obj.)]. Oval to
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, denticulate. Eoc.-Pleist., Eu.-N.
Am. -- FIG. 534,4. *5. eocoentlS (SCHLUM
BERGER), Eoc., Fr.; topotypes; X225 (14).

Croneisites FRIZZELL & EXLINE, 1957, p. 113
[*5ynapta oligocaenica SPANDEL, 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. Eoc.-Mio., Eu.-
FIG. 534,5. *C. oligocaenicus (SPANDEL), Oligo.,
Ger.: X 195 (14).

Rigaudites FRIZZELL & EXLINE, 1957, p. 102 [*5yn·
aptites cuvillieri DEFLANDRE-RIGAUD, 1949, 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.-Oligo., Eu.
N.Am.--FIG. 534,8. *R. cuvillieri (DEFLANDRE
RIGAUD); 8a, EOL, Fr., X90 (14); 8b, Paleoc.,
USA(Tex.), detail of socket, X165 (16).

Spandelites FRIZZELL & EXLINE, 1957, p. 101
[*5ynaptites? irregtllaris DEFLANDRE-RIGAUD, 1949,
p. 10; OD]. Irregular, with simple and primitive
socket composed of connecting trabeculae; per
forations numerous, unequal in size, elliptical to
subcircular, smooth. lur., Eu.(Fr.).--FIG. 534,
7a. *5. irregtllaris (DEFLANDRE-RIGAUD); X400
(10).--FIG. 534,7b. 5. lellmanni DEFLANDRE
RIGAUD; X265 (10).--FIG. 534,7c. 5. arctlattts
DEFLANDRE-RIGAUD; X265 (10).

Family CALCANCORIDAE Frizzell &
Exline, 1956

[==Platanchoriformidae DEFLANDRE-RIGAUD, 1952 (parlim)]

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 FRIZZELL & EXLINE, 1956, p. 150 [*c.

mississippiensis; OD]. Flukes double. [Unpub
lished record from L.Cret., Del Rio Clay, Austin,
Texas; FRIZZELL & EXLINE.] ?/tlr., Cret.-Pleist.,
Eu.-N.Am.-S.Am.--FIG. 527,6. *C. mississippi
ensis, Oligo., USA (Miss.); X 90 (14).

Calcancoroidea FRIZZELL & EXLINE, 1956, p. 154
[*C. spandeli; OD]. Flukes triple. Oligo., Eu.-
FIG. 527,7. *C. spandeli, Ger.; 7a,b, outer and lat.
views; X 130 (14).

Family CALCANCORELLIDAE Frizzell
& Exline, new family

[==Ca1cancoridae FRIZZELL & EXLINE (partim) J

Molpadiid-type anchors, with shank and
flukes, stock replaced by a terminal thicken
ing. Oligo.-Pleist.
Calcancorella DEFLANDRE-RIGAUD, 1961, p. 95

[*5ynaptites (Calcancora) spectabilis DEFLANDRE
RIGAUD, 1959, p. 198; OD] [=Molpadioites DE
FLANDRE-RIGAUD, 1961, p. 36 (partim)]. Diagnosis
as for family. Oligo.-Pleist., Eu.--FIG. 527,5.
*C. spectabilis (DEFLANDRE-RIGAUD), Oligo., Ger.;
X40 (9).

POSITION UNCERTAIN
Sc1erothurites DEFLANDRE-RIGAUD, 1961, p. III [*5.

clypeus; OD]. Small plates WiIh few holes and very
simple socket or stirrup. lttr., Eu.--FIG. 534,6.
*5. clypetls, Fr.; X265 (10).
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U673

Italicized names in the following index are considered to be invalid; those printed in
roman type, including morphological terms, are accepted as valid. Suprafamilial names
are distinguished by the use of full capitals and authors' names are set in small capitals
with an initial large capital. Page references having chief importance are in boldface
type (as U332).

A ray, U153
AB interray, U153
abactinal, U28, U153, U251
Abatus, U268, U571
Abertella, U489
Abertellidae, U296, U489
aboral, U7, U28, U153, U200,

U251, U315
aboral disc, U 191, U200
aboral surface, U138, U178, U213
Abyssaster, U48
Aealia, U64
Aeantharaehna, U97
Aeantharehaster, U48
Acanthaster, U70, U126
Acanthasteridae, U38, U70
Aeanthechinopsis, U390
Acanthechinus, U397
Acanthotheelia, U659, U668
accessory, U28
accessory tube feet, U268
Aceste, U259, U580
Aeestina, U580
acetabulum, U247, U253, U316
Achistridae, U645, U656, U659,

U660, U661, U665
Aehistrulidae, U665
Aehistrulum, U665
Achistrum, U656, U659, U660,

U661, U665
Acodontaster, U55
Acontiaster, U48
Acrocidaris, U386
Aeroeireus, U425
Aerocladia, U435
Acrocnida, UI00
Acrolusia, U292, U527
Aeromazus, U501
Acropeltis, U409
Acrosalenia, U287, U288, U375
Acrosaleniidae, U242, U243,

U296, U369, U373, U374,
U375

Acrosas ter, U410
Aerotiaris, U386
Acroura, UI02
actinal, U28, U153, U253
Actinocidaris, U329
Aetinoclava, U668
Actinophyma, U397
Aetinopsis, U400
actinostomial ring, U28
adambulacral, U15, U28, U153
adapical, Ul53, U253, U315
adapical suture, U229, U253
adapical transverse suture, U230
adaxial, U28
adaxial elements, U9

adaxial structures, U 14
Adelasterias, U75
Adeleidaris, U325
Adelopneustes, U447
Adetaster, U551
ADETES, U551
admedian, U153
adoral, U28, U153, U253
adoral surface, U138, U178
adoral suture, U230, U253
adoral-transverse suture, U230
adradial, U28, U153, U253
adradial suture, U229
Aduncrum, U656, U659, U660,

U665
Advenaster, U45
Adytaster, U551
Aeolopneustes, U397
Aerope, U579
Aeropidae, U578
Aeropsidae, U259, U297, U548,

U550, U578
Aeropsis, U259, U579
Aesioeystis, U171
Aesioeystites, Ul71
Agalmaster, U52
AQ"anaster, U93
Aganasteridae, U93
Aganasterinae, U38, U93
Agarites, U408
Agassisia, U571
AGASSIZ, U35, U270, U459, U524
AGASSIZ & DESOR, U270, U272
A"assizia, U571
Agelaerinidae, U167
Agelacrinites, U138, U139, U140,

U143, U152, Ul53, U155,
U167

Agelacrinitidae, U144, U145,
U149, U152, U159, U160,
U167

AGELACRINOlDEA, U136
Agelacrinus, U134, U167
AGELACYSTlDA, U136
Agelaeystis, U167
Ageladiseus, U169
Agmatophiurina, U37
Aguayoaster, U583
Ailsaria, UI00
Airaghia, U592
Albatrossaster, U48
Albatrossia, U48
Albertechinus, U304
AlepidastC1', U87
Aleutiaster, U69
Alexandraspis, U463
Alexandraster, U70
Alexandria, U462, U463

Alexandrites, U661, U667
Alexandritidae, U661, U667
Allasterias, U75
Allobrissus, U582
Allocentrotus, U435
Allomma, U392
Allopatiria, U69
Allostichaster, U75
Alpicidaris, U332
Alternaster, U43
Alterneehinus, U405
Alternoeidaris, U339
amb, U253
Ambipleurus, U415
ambital, U28
ambital plates, U213, U315
ambitus, U213, U253, U315
Amblypneustes, U418
Amblypygus, U450
ambulacra, UBI, U138, U142,

U199, 0213, U230, U253,
U266, U298, U315, 0342,
U369, U523

ambulacral, Ull, U28, U153,
0253

ambulacral channel, U28
ambulacral cover (covering)

plates, U145, U194, U195,
0200

ambulacral elements, U153
ambulacral flooring plates, U200
ambulacral furrow, U253
ambulacral groove, U13, U28,

Ul53, U191, U200 .
ambulacral plates, U455
ambulacral pore, U253, U298,

U493
ambulacral spine, U315
ambulacral system, U153
ambulacral type, U14
Ambulaerites, U663
ambulacrum, U153, U200, U253
Ammotrophinae, U296, U464
Ammotrophus, U465
Ampheraster, U76
Amphiacantha, U100
Amphiaetis, U100
Amphiaster, U63
Amphichilus, UI00
Amphichondrius, UI00
Amphicontus, UI00
Amphidetus, U613
Amphigyptis, U99
Amphilepididae, U39, UlOO
Amphilepis, UI00
Amphilimna, U100
Amphilycus, UI00
Amphinephthys, UI00
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Amphiocnida, UI00
Amphiodia, Ul00
Amphiomya, U100
Amphioncus, UI00
Amphiope, U455, U489
Amphiophiothrix, UI02
Amphiophiura, U95
Amphioplus, UI0l
Amphipholis, UI00
Amphipholizona, U96
amphiplacous, U253, U524
Amphipneustes, U575
Amphipsila, U98
Amphisalenia, U376
Amphispina, UI02
AMPHISTERNATA, U275, U277,

U281, U292, U548, U550
amphisternous, U237, U253,

U543, U547
amphisternous Spatangidac, U550
Amphistif<ma, UI02
Amphitarsus, U97
Amphitriodites, U661, U667
Amphiura, U26, U100
Amphiuridae, U39, UI00
ampulla, U11, U28, U153, U253
Ampullaster, U41
Amygdalocystites, U189
Anabrissus, U583
Anachytes, U527
Anachytidae, U271
anal fasciole, U253, U545
anal plates, U253
anal pyramid, U149, U153
Anametalia, U584
Anamphiura, UI0l
Ananchites, U528
AnancllOtlwria, U528
Al1apesllS, U408
Anareaster, U68
Anaster, U469
Anasterias, U75
Anasterias, U76
anatomy, U214
Anaulocidaris, U259, U268,

0321
anchor. U652
anchor plate, U652
Ancistrum, U665
Ancylocidaris. U354
ANDERSON, U144. U146, U155
Anglidiscus, UHO. U143, U144,

U146, U147, U152, U153,
U162

Anisaster, U575
Anisocidaris, U339
Anisopelatlls, U515
Anochanus, U629
ANOCYSTl, 0270
Anodisctls, U47
Al1omalantlws, U462
Anomocidaris, U325
Anophiura, U95
Anorthaster, U53
Anorthasterinae, U53
Anorthopygidae, U296, U443,

U444
Anorthopygus, U229, U443, U444
Anorthosclltllm, U481

Anseropoda, U69
Anseropodinae, U38, U69
Anteliaster, U76
Anthaster, U63
Anthechinlls, U423
Anthenea, U63
Antheneinae, U63
Antheniaster, U58
Anthenoides, U58
Anthenoidinae, U38, U58
Anthobrissus, U505
Anthocidaris, U433
Anthophiura, U95
ANTHOSTICHA, U273
Anthosticte, U47
Antillaster, U616
Antillasterinae, U614
Antipnellstes, U575
Antropygus, U522
anus, U28
Apatopygidae, U296, U497, U498,

U522
Apatopygus, U123, U125, U289,

U345, U522
apex, U253
Aphanasterias, U75
Aphanopora, U629, U630
Aphelaster, U551
Aphelasterias; U75
Aphroditaster, U59
apical, U28, U154
apical system, U227, U253, U368,

U493, U523, U545
Aplocidaris, U321
Aplocoma, U95
Aplodiadema, U386
Aplolampas, U507
Aplospatangus, U569
APODACEA, U644, U645
APODIDA, U642, U644, U(,45,

U650, U654
APOMESOSTOMl, U271
apophysis, U245, U246, U253
Aporocidaris, U323
appendages, U247
Apterodon, U68
Arachniopleurus, U415
Arachnoides, U464
Arachnoididae, U296, U451,

U464
Arachnoidinae, U296, U464
Araeosoma, U346
Arbacia, U251, 0265, U288,

U408
Arbaciadae, U408
Arbaciella, U410
Arbaciidae, U242, U296, U371,

U408
ARBACllNA, U274
Arbacina, U418
ARBACINA, U274, U288, U408
arbacioid compound plate, U253
arbacioid plates, U231
arbacioid type, U370
ARBACIOIDA, 0281, 0287,

0288, U296, U343, U368,
U370, U371, 0372, U373,
U408

Arbia, U410

are, U28
Arcaechinus, u584
Archaeocidaridae, U124, U267,

0295, U312, 0317
Archaeocidaris, U213, U271, U317
Archaeodiadema, U358
Arclzaeopneustes, U622
Archaster, U56
Archasterias, U52
Archasteridae, U36, U38, U56
Archasterina, U45
Archasteropecten, U46
Archegonaster, U41
Archegonasteridae, U37, U41
Archiacia, U513
Arclziacidae, U497, U513
Archiaciidae, U296, U513
Archophiactinidae, U37, U41
Archophiactis, U41
areole, U238, U253, U316
Argaster, U51
Argentinaster, U93
Argopatagus, U616
Arialopsis, U437
Arisaigaster, U51
ARISTOTLE, U213
Aristotle's lantern, U216, U243,

U253
arms, U6, U28, U154, U251
Armaster, U43
Arnaudaster, U497, U508
Arthraster, U74
Artlzrasteridae, U35, U74
Arthrasterinae, U38, U74
ARTHROCHIROTA, U653
ARTHROCHIROTIDA, U641,

U653
ASClDIASTELLA, U641
Aspidaster, U55
ASPIDOCHIROTACEA, U644,

U645
ASPIDOCHIROTIDA, U644,

U645, U654
Aspidocidaris, U325
Aspidodiadema, U343, U352
Aspidodiadematidae, U295,

0341,0353,0344,0352
ASPlDODIADEMINA, U281,

U352
ASPlDODlADEMINAE, U352
Aspidophiura, U95
Aspidosoma, U85
Aspidosomatidae, U83
Aspidostoma, U83
Aspidura, U95
Asteracal1thion, U75
Asterechinus, U418
Asteriaceros, U55
Asteriacites, U103
Asteriadae, U35, U36
ASTERIADINA, U35, U38,

U74
ASTERIAE, U35
Asteriae verae, U36
Asterias, U25, U35, U75
Asteriatites, UI03
Asteridea, U42
As/eries amblllacraires, U36
Asteriidae, U35, U36, U38, U75
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Asteriinae, U38, U75
Asterina, U69
Asterinidae, U36, U38, U68
Asterinides, U69
Asterininae, U38, U69
Asterinopsis, U69
Asteriscus, U69
ASTERNATA, U274
Asterobrissus, U505
Astemcidaris, U382
Asterodapsis, U482
Asteroderma, U75
Asterodiscus, U63
Asterodon, U56
ASTEROIDEA, U33, U35, U36,

037, U42, Ul11
Asteromorpha, U92
Asteronychidae, U38, U91
Asteronyx, U91
Asterope, U69
Asteropidae, U69
Asteroporpa, U92
Asteropsidae, U36
Asteropsis, U69
Asteropsis, U400
Asteroschema, U91
Asteroschematidae, U38, U91
Asterostegus, U92
Asterostoma, U616
Asterostomatidae, U259, U297,

U545, U548, U614
ASTEROSTOMATINA, U297,

U548, U550, U614
ASTEROZOA, U37, 039, Ul09,

Ul11, U120
asterozoan patrern, U111
asterozoans, U126
Asthenactis, U68
Asthenosoma, U344, U345, U346
Asthenosominae, U346
Astracme, U92
Astrella, U43
Astridypeidae, U296, U488
Astridypeus, U489
Astroboa, U92
Astrobrachion, U91
Astrocaneum,U92
Astroceramus, U63
Astroceras, U92
Astrochalcis, U92
Astrocharis, U91
Astrochele, un
Astrochlamys, U92
Astrodadus, U92
Astrodes, U78
Astrodon, U92
Astrocnida, U92
Astroconus; U92
Astrocrius, U92
Astrocydus, U92
Astrocynodus, U92
Astrocystidae, U140
Astrocystites, 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, U90
Astrohamma, U92
Astrohelix, U92
Astrolampas, U499
Astrolirus, U78
Astromesites, U46
Astrometis, U75
Astropecten, U25, U27, U45
Astropectinidae, U31, U32, U36,

U38, U45
Astropectinides, U45
Astropectininae, U38, U45
Astrophiura, U95, U183
Astrophyton, un
Astroplegma, U92
Astropyga, U225, U267, U342,

0350
Astropygaulus, U522
Astrorhaphis, U92
Astroscolex, U91
Astrospartus, U92
Astrostephane, U78
Astrostephanus, U92
Astrostole, U75
Astrothamnus, U92
Astrothauma, U63
Astrothorax, U92
Astrothrombus, U92
Astrotoma, U92
Astrotominae, U91
Astrozona, U92
Atactus, U431
Ataxaster, U102
Atelorias, U58
Atelospatangus, U608
ATELOSTOMATA, 0272, U274,

U279, U281, U286, U289,
U290, 0291, U296, U339,
U340, U491

ATELOSTOMES, U273
ATLASASTER, 0357
Atopechinus, U411
Atrapus, U576
Aulacocidaris, U330
Aulacopygus, U499
Aulactis, U87
Aulechinus, U112, U134, U184,

U263, U266, 0304, U642
Auloclypeus, U499
aulodollt, U246, U253
AULODONTA, U275, U277,

0345
Aurelianaster, U528
aurides, U245, U253, U458
Auricularites, U660, U668
Austinaster, U61
Australanthus, U510
Australaster, U50
Australiaster, U75
Austrocidaris, U323
Austrofromia, U64
Autasterias, U76
AUTECHINIDA, U273
axial, U28

U675

axial elements, U9
axial structures, U9
axil, U29
axillary, U29
axillary marginal, U22

Bray, U154
Balanocidaris, U333
Balanoglossus, U22
Baliactis, U65
Barnumia, U625
basal terrace, U238
base, U253
basicoronal, U230, U253
Basseaster, U528
BASSLER, U117, U160
Bassleridiscus, U147, U162
BATHER, U144, U145, U147,

U150, U152, U175, Ul83,
Ul89, U195, U200

Bathybiaster, U46
Bathypectinura, U97
Bathysalenia, U377
Baueria, U411
BC interrav, U154
BEGG, U190, U193, U195
Belaster, U50
Bellricella, U78
BELL, U37
Benthaster, U68
Benthogenia, U48
Benthopecten, U48
Benthopectinidae, U38, U48
Benthopectininae, U48
BERNARD, U273
Besairecidaris, U439
BEURLEN, U275, U288, U524,

U544
Bdellacoma, U81
Bdellacomidae, U38, U81
Biarritzella, U463
bidentate, U253
bigeminate, U253
bilaminar, U652
BILATERAUX, U277
BILLINGS, U189, UI92
Binoculites, U659, U660, U662
bipinnaria stage, U31
biserial, U231
bivium, U29, U239, U253
BLAINVILLE, DE, U271
Blakiaster, U46
BLASTOECHINIDES, U273,

U436
BLASTOIDEA, Ulll
blastula stage, U31
Blaviaster, U588
body cavity, U215
body wall, U29
Bohemaster, U71
Bohemura, U87
Bolbaster, U558
Boletechinus, U408
Boletechintts, U408
Boletia, U427
Bonaireaster, U441, U448
BOOLOTIAN & CAMPBELL, U218
border, U200
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boss, U238, U253, U315
Bothriaster, U63
Bothriocidaridae, U295, U301
BOTHRIOCIDARIDAE, U272
Bothriocidaris, U112, U123, U184,

U263, 0266, U275, U277,
0279, U284, 0301

BOTHRIOCIDAROIDA, U124,
0274, U281, U283, 0295,
U298,0301

Bothriolampas, U518
Bothriopygw, U506
Bothryopneustes, U499
Botriopygus, U506
bourrelets, U235, U253, U494
brace, U245, U253
brachial, U29
BRACHIOIDEA, U37
brachiolaria stage, U31
brachiole, U154, U200
BrachybrisStts, U569
BRACHYGNATA, U274, U281
BRADY & ROBERTSON, 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, 035, 038, U77
Brissidae, 0297, 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
BRONN, U35, U286
BRUGUIhE, U270
BRUUN, U657
Bryssopsis, U584
BrysStts, U576
buccal membrane, U253
buccal plates, U243, U253
buccal shield, U29
buccal slit, U14, U29
buccal system, U253
buccal tentacle, U29
Bunactus, U462
Bunaster, U64
Bundenbachia, U87
Bunodaster, U46
BURMEISTER, U35
bursae, U9, U29
buttress, U253

Bythiolophus, U74

C ray, U154
C-rod, U652
CABIBEL, TERMIER & TERMIER,

Ul57
caecal pore, U29
Caenholectypus, U444
Caenocentrotus, U433
Caenocidaris, U339
Caenopedina, U357
Caimanaster, U75
Calaster, U481
Calcancora, U661, U670
Calcancorella, U661, U670
Calcancorellidae, U661, U670
Calcancoridae, U645, U661, U670
Calcancoroidea, U661, U670
calcareous ring, U642, U643,

U650
Calclamna, U660, U661, U664
Calclamnella, U660, U661, U664
Calclamnidae, U645, U658, U659,

U660, U661, U664
Calclamnoidea, U660, U661, U664
Calcligula, U660, U661, U662
Calclyra, U665
Calclyridae, U645, U665
Calliaster, U59
Calliaster, U74
Calliasterella, U74
Calliasterellidae, U38, U74
Calliasterellinae, U38, U74
Calliasterias, U76
Calliderma, U59
Callopatiria, U69
Calocidaris, U333
Calvasterias, U75
Calveria, U347
Calveriosoma, U346
Calycaster, U77
CALYCINA, U274, U281, U288,

U374, U375
Calymne, U524, U537
Calymnidae, U297, U523, U524,

U537
Calyptactininae, U65
Calyptactis, U65
Calyptraster, U68
camarodont, U246, U253
CAMARODONTA, U275, U277
Cambraster, U160
camella, U253, U546
Camerogalerus, U229, U443,

U444
canal, U200
Cancellrum, U665
Caractacaster, U51
Caratomella, U450
Caratomus, U450
Cardiaster, U528
Cardiolampas, U527
Cardiopatagus, U633
Cardiopelta, U526
Cardiotaxis, U528
carinal, U22, U29
CARINI, U647, U652
Carlasterias, U75
Carna, U69

Carneyella, U138, U142, U149,
Ul52, Ul53, Ul65

CARPENTER, U120
Carpenter system, U120, U253
CARPOIDEA, Ul10
CASSIDULARIA, U274
Cassidulidae, U296, U497, U514
CASSIDULlDEAE, U291
Cassidttlides, U271, U272
Cassidulina, U271, U281
CASSIDULOIDA, U234, 0236,

0247, U275, U277, U281,
U290, 0291, U296, U498,
U545, U629

CASSIDULOIDEA, U277
cassiduloids, U492
Cassidulus, U291, U514
Cassis, U633
Catantes, U64
Cataproctus, U633
catenal plate, U253
CATOCYSTl, U270
Catopygus, U503
Caudinidae, U645
Cattlaster, U48
CD interray, U154
Cenomanaster, U59
central core, U247
central disc, U200
central plate, U29
centrale, U29
Centrechinidae, U350
CENTRECHlNOIDA, U275,

U286 U350
Cent:-echinw, U350
Centrocidaris, U333
Centroclypus, U522
centrodorsal, U29
Centropygus, U522
Centrostephanus, U350
Ceramaster, U57
Ceratodermaires, U271
Ceratophysa, U259, U539
Certonardoa, U64
Cestobrissus, U625
Chaetaster, U56
Chaetasteridae, U38, U56
Chaetasterinae, U56
Chaetodiadema, U350
Chaetodiscus, U481
channel, U191, U198, U200
channel covering plate, U200
Chariaster, U64
CHAUVEL, U202
Cheilaster, U69
Cheiraster, U48
Cheirasteridae, U48
Cheiropteraster, U27, U85
Che;"opterasteridae, U83
Chelonechinus, U536
Cheopsia, U559
CHILOPHlURIDA, U37, U93
CHILOPHIURINA, U38, U93
Chinianaster, U13, U31, U39
Chinianasteridae, U12, U14, U37,

039
Chione, U64
Chiridota, U657
Chiridotella, U662, U668
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Chiridotidae, U642, U645
Chiridotites, U668
Chiridotitesidae, U668
Chiridotitidae, U668
Chirobaeulus, U663
Chitonaster, U58
Chitonaster, U58
Chitonasterinae, U38, U58
Cholaster, U95
Cholasteridae, U95
Chomataster, U59
Chondraster, U69
Chondrocidaris, U329
Choriaster, U63
Chrysomelon, U358
Chunaster, U48
Chuniola, U613
Cibaster, U528
Cibrum, U664
Cidarelle, U377
Cidaridae, U124, U267, U271,

U295, U313, 0321
ClDARlDAE, U317
ClDARlDARlA, U273
ClDARlDEAE, U285
ClDARlDES, U271, U272, U277
ClDARlFORMlA, U274
ClDARlNA, U330
Cidarinae, U295, U330
Cidaris, U285, U331
Cidaris, U333
Cidarites, U271, U331
Cidaritidae, U271
CIDAROIDA, U124, U220, U231,

U232, 0236, 0238, 0273,
U274, U275, U277, U281,
U283, U285, U295, U317,
U341, U368, 0372, U373

ClDAROlDEA, U271, U317
cidaroids, U312
ClDARONIA, U273
Cidaropsis, U382
Cidarotropus, U317
Cincinnatidiscus, U165
Cincta, UI57
Cionobrissus, U584
Cionobryssus, U584
Circeaster, U63
Cireopeltaris, U403
Circopeltis, U403
circumferential compass muscles,

U245
CIRRHIS VERMIGRADA, U641
Cistina, U64
Cladaster, U57
Cladolabinae, U644
CLADOPHlURAE, U37
Cladosalenia, U436
CLARK, U120, U122, U214,

U277, U548
Clarkeaster, U52
Clarkeasterinae, U38, U51
Clarkella, U512
Clarkiella, U512
classification, U160, U205, U270,

0312, U344, U373, U548,
U644, U655

CLAUS, U285, U286, U291, U292
Claviaster, U522

Index

clavulae, U253
Cleistechinus, U616
Clitopygus, U501
closed petal, U234
Cluniaster, U447
Clunieulus, U501
Clypeanthus, U522
Clypeaster, U259, U289, U291,

U451, U455, U462
Clypeasteridae, U247, U271,

0290, U462
CLYPEASTERINA, U281, U290,

0296, U458, U459, U460
Clypeasterina, U271
CLYPEASTEROIDA,0229,

U235, U236, U247, U269,
0281, U289, U290, U296,
U460

clypeasteroids, U268, U450
Clypedstres, U271, U462
CLYPEASTRlDAE, U290, U460
CLYPEASTRlDEA, U290
CLYPEASTRINA,0274
CLYPEASTROlDA, U273, U275
CLYPEASTEROlDEA, U271,

0274
Clypeastroides, U272
CLYPEASTRONIA, U273
Clypeidae, U296, U495, U499
Clypeiformes, U273
Clypeobrissus, U499
Clypeolampadidae, U296, U497,

U515
Clypeolampas, U515
Clypeopygus, U503
Clypeus, U499
Cnemidactinidae, U38, U71
Cnemidactis, U14, un
Cnemidaster, U74
Coccaster, U51
Coccasterinae, U38, U51
Codechinus, U403
Codiopsis, U411
Coelaster, U51
Coelasterias, U76
Coeloclypeus, U412
coelom, U215
Coelopleurus, U412
Coenholectypus, U229, U444
Coenocentrotus, U633
Coenodiadema, U357
Coenopedina, U357
collar, U247, U253, U316
Collyrites, U525, U545, U551
Collyritidae, U236, U292, U297,

U523, U524, U545, U551
Collyropsis, U527
Colobocentrotus, U247, U259,

0268, U269, U433
Coloboeentrus, U433
Colochirinae, U644
Colpaster, U78
Colpotiara, U393
Comasterias, U76
Comatulae, U35
compact, U253
compass, U253
complemental plate, U253
compound plate, U231, U253

U677

Compsaster, U74
Compsasteridae, U35, U38, U74
Compsocidaris, U327
Comptonia, U59
Conehophorus, U607
Coneophorus, U607
confluent scrobicule, U239, U316
conjugate pores, U231, U254,

0315
Conocladus, U92
CONOCLYPARIA, U273, U447
Conoclypeus, U633
Conoclypidae, U290, U292, U296,

U443, U447
CONOCLYPINA, 0281, 0290,

U296, U447
Conoclypus, U246, U290, U447
Conodoxus, U445
Conolampas, U247, U289, U508
Conolampas, U508
contiguous scrobicule, U239
contrasolar, U142
Conulidae, U296, U441, U445
Conulopsis, U447
Conulopyrina, U445
Conulus, U229, U443, U445
Conulusidae, U445
COOKE, U257
Cooperidiscus, U141, U142, U169
Copidaster, U64
Copteehinus, U424
Coptodiscus, U444
Coptophyma, U380
Coptopleura, U418
Coptosoma, U402
Coraster, U542
Coreulum, U528
Corechinus, U542
corona, U254
coronal system, U229
Coronantlltts, U463
Coronaster, U76
cortex, U254, U316
cortex layer, U247
Corthya, U527
cortical hairs, U316
Corystus, U633
Coscinasterias, U75
Coscinasteriinae, U75
Cosmasterias, U76
Cosmoeyphus, U396, U398
Cossmanaster, U512
Costigerites, U660, U664
Cothurnocystis, U190
Cottaldia, U412
COTTEAU, U272
Cotteaudia, U412
Cottreauaster, U61
Cottreaucorys, U625
COULON, U270
cover plate, U154
covering plate, U29, U200
Craginaster, U533
Craspidaster, U32, U47
Craspidasterinae, U38, U47
Crateraster, U61
Craterobrisinga, U78
Craterolampas, U507
Cravenechinidae, U295, U311
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Cravenechinus, U311
Crenaster, U46
crenate, U254
crenulate, U238, U254
Crepidosoma, U86
Cretaeeehinus, U403
Cribella, U64, U70
CRIBELLINA, U22, U32, U38,

U47
Cribellopsis, U69
Cribraster, U70
Cribraster, U69
Cribrella, U70
cribriform organs, U22
Crinocidaris, U439
CRINOIDEA, U22, Ul09, UIlI
CRINOZOA, UIlI, U120, UI75,

Ul99
crinozoan pattern, UIlO
CRONEIS, U646
CRONEIS & MCCORMACK, U646
Croneisites, U661, U662, U670
Crossaster, U67
crossbar, U652
Crotoclypeus, U499
Crucibrissus, U559
Crustulina, U471
Crustulum, U489
Crux, U667
Cryaster, U69
Cryasteridae, U69
Cryasteridh, U69
Cryptaster, U68
Cryptasterias, U76
Cryptoeyphus, U414
Cryptopelta, U97
Cryptopeltaster, U58
Cryptopora, U435
cryptozonate, U29
CRYPTOZONIA, U36
crystallographic orientation, U225
Ctenamphiura, U101
Ctenaster, U67, U69
Ctenasterias, U76
Ctenocidarina, U323
Ctenocidarinae, U124, U295,

U323
Ctenocidaris, U323
Ctenodiscinae, U32, U38, U47
Ctenodiscus, U24, U32, U47
Ctenophoraster, U46
Ctenopleura, U46
Cubanaster, U475
Cucumaria,-U652, U657
Cucumariidae, U644, U645
Cucumariinae, U644
Cucumariopsis, U662
Cucumarites, U660, U662
Cucumarites, U664
CUENOT, U120, U122, U139,

U214, U275, U277
Cuenotaster, U67
Cuenotia, U350
Culcita, U63
Cttlcitaster, U64
Cttlcitopsis, U69
Cuneaster, U45
cupule, U29
cuticle, U215

CUVIER, U271
Cyamidia, U469
CYAMOlDEA, UIlO
Cyanosoma, U346
Cyathocidaris, U333
Cyathocrinites, U119, U149
Cyathocystidae, U139, U140,

Ul42, U144, U147, U149,
Ul53, U160, U161

Cyathocystis, U140, U141, U149,
U158, Ul61

Cyathotheca, U140, U141, U149,
Ul61

Cyathothecidae, U161
Cycethra, U69
Cyclas ter, U586
Cyclaster, U171
Cyclasteridae, U582
CYCLOCYSTOIDEA, U109,

U11l, Ul21, U188, U205
Cyclocystoides, U126, U188,

Ul92, Ul98, U202, U203,
U204, U206

Cyclocystoididae, U206
cyclocystoids, U126, U188
CYCLOlDEA, UIlO
CYCLOlDES, U271
Cyclolampas, U526
CYLlNDROiDES, U641
Cylindrolampas, U507
Cyllaster, U70
Cypholampas, U507
Cyphopygus, U412
Cyphosoma, U395
Cyphosominae, U395
Cyrtechinus, U427
Cyrtocidaris, U325
Cyrtoma, U512
Cystaster, U125, U138, U139,

Ul40, Ul49, U152, U153,
Ul65

CYSTASTEROlDEA, U136
CYSTECHINlDA, U273
Cystechinus, U536
CYSTOClDARlDAE, U272, U284
Cystocidaris, U284, U301
CYSTOClDAROlDA, U274
Cystocrepis, U539
CYSTOECHINlDES, U273
CYSTOIDEA, U1l1, Ul60, U188
CYSTOSTELLEROlDEA, U136

Dray, U154
Daetylanthus, U463
dactylochirote, U643
DACTYLOCHIROTIDA, U643,

U645
Dactyloclypeus, U499
Dactylosaster, U64
dactylous pedicellariae, U251,

U254
DALES, U657
Dallonia, U439
Daradaster, U517
DE interray, U154
Deakia, U591
DEFLANDRE-RIGAUD, U642, U644,

U647, U655, U656
DEICHMANN, U657

Deimatidae, U645
DELAGE & HEROUARD, U274
Delbosia, U412
Delopatagus, U259, U616
deltoid, U154
demiplate, U230, U254
demipyramid, U245, U254
Dendraster, U259, U263, U269,

U481
Dendrasteridae, U296, U479
DENDROCH1ROTACEA, U642,

U645
dendrochirote, U642
DENDROCH1ROTIDA, UI13,

U645, U654
Deneechinus, U304
dental papilla, U29
dental slide, U245
Denudaster, U43
Dermasterias, U69
Dermatodiadema, U352
Dermechinus, U431
Desmechinus, U418
Desmopatiria, U69
DESMOSTlCHA, U272, U273
Desmottlinaster, U485
DESOR, U270, U272
Desorella, U631
Desoria, U576, U631
Devonaster, U18, U25, U51
Devonistella, UH
Devonocidaris, U309
DEVRIEs, U277, U292, U545
Diadema, U225, U264, U287,

U350
Diademadae, U350
DlADEMARIA, U273, U350
DIADEMATACEA, U279, U281,

U286, U287, U295, U339,
U340, U344, U345, U367,
U368, U369, U372, U373

Diadematidae, U295, U341,
U344, U350

DlADEMATlFORMIA, U274
DlADEMATlNA, U274
diadematoid compound plate,

U254
diadematoid plates, U231
DIADEMATOIDA, U273, U281,

U286, U287, U295, U341,
U344, U350

DlADEMlDA, U350
DlADEMINA, U274, U281
DlADEMOlDA, U274, U275
Diademopsis, U287, U357
Dialithocidaris, U412
Dialyaster, U527
Diamphiodia, U101
Diclidaster, U70
Dieoptella, U425
Dictenophiura, U95
Dictyaster, U70
Dietyaster, U627
Dictydaster, U57
Dictyopleurus, U416
Dictyothurites, U661, U666
dicyclic, U228, U254
Dicyclocidaris, U316, U321
Diegocorys, U633
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digestive tract, U216
Dinocystis, U138, U142, UI7l
Diopederma, U97
DlPLAClDES, U273
Diplasterias, U75
Diplechinus, U403
Diplocidaridae, U295, U313,

0339
Diplocidaris, U231, U339
Diplodetus, U586
Diplodontias, U56
Diplopodia, U288, U386
Diploporaster, U576
diplopore, U154
Diploporita, U142, U202
Diploporus, U425
Diplopteraster, U68
Diplosalenia, U436
Diplotagma, U403
Diplothecanthus, U463
Diplotiaris, U339
DlPLOZONINA, U32, U38,

U45
Dipneustes, U578
Dipsacaster, U46
Disaster, U527
Disasteridae, U292, U297, U523,

U524, U527, U544
Disasterina, U69
disc, U29, U652
disc ambital, U29
Dicasta, U435
Discholectypus, U444
Disciformidae, U668, U669
Discocidaris, U325
Discocystis, U141, U143, U152,

Ul69
Discodea, U444
dis,codeid, U234
Discogalerus, U633
Discoidea, U125, U444
Discoides, U246, U444
Discoidesidae, U444
Discoididae, U221, U296, U441,

U443, U444
Discoidinae, U444
disjunct, U229, U254
Displasterias, U76
Dissogenes, U64
distal, U29
Distefanaster, U559
Distichophis, U97
Distolasterias, U76
distribution, U158, U204, U374,

U498
Ditremaster, U559
Dixieus, U396
Dixonia, U444
Dochmostoma, U505
DODERLEIN, U274
Dolicharthra, UI02
Domechinus, U510
Donbassechinus, U309
Dorigona, U58
Dorocidaris, U331
dorsal, U29, U154, 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
DUTARDIN & HUPE, U270, U272
Dumblea, U365, U387
DUNCAN, U273, U286
Duncaniaster, U528
DURHAM, Ull1, U459
DURHAM & CASTER, UI09, Ull1
DURHAM & MELVILLE, U123,

U124, U270, U275, U277,
U292, U340, U344, U373,
U544,548

DYER, U189
Dysaster, U527
Dysasthidees, U272
DYSASTERlDES, U273
Dytaster, U46
Dytasta, U46

E ray, Ul54
EA interray, U154
Ecanthus, U518
ECHINACEA, U279, U281, U286,

U287, U289, 0296, 0339,
U340, U367, U375

Echinanaus, U445
Echinanthites, U499
Echinanthopsis, U523
Echinanthus, U523
Echinanthus, U462
Echinarachniidae, U296, U482
Echinarachnius, U258, U482
Echinarachnius, U464
Echinaster, U70
Echinaster, U70
Echinasterella, U65
Echinasterias, U 45
Echinasteridae, U36, U38, U70
Echinasterina, U70
ECHlNl, U272
Echinidae, 0271, U296, U367,

U431
ECHlNlDEAE, U287, U375
ECHlNlDES, U271, 0273
ECHINlDES CENTROSTOMES,

U271
ECHlNlDES EXCENTRO-

STOMES, U271
ECHlNlNA, U274, U281, U431
Echinites, U445
Echinobrissides, U292
Echinobrissina, U271
Echinobrissus, U633
Echinobrissus, U501
Echinocardium, U228, U235,

0237, U243, U257, U258,
U260, U261, 0262, U263,
U269, U545, U613

Echinocentrotus, U469
Echinocidm-idae, U408
Ecllinocidaris, U408, U414
Echinoclypeus, U499
Echinoclypus, U365

U679

Echinoconus, U447
Echinocorys, U528
Echinocorytes, U528
Echinocrepis, U539
Echinocrinus, U317
Echinocyamus, U220, U258,

U259, U260, U261, U269,
U455, U469

Echinocyamus, U469
Echinocyphus, U418
Echinocystis, U301
Echinocystites, U284, U299,

0300, U301
Echinocystitidae, U232, U295,

0301
ECHINOCYSTlTOIDA, U225,

U267, U281, U283, U284,
0295, U298, 0301

ECHINODERMATA, Ul09,
U270

Echinodiadema, U350, U403
Echinodiscaster, U45
Echinodiscites, U45
Echinodiscus, U141, U489
Echinodiscus, U45, U169, U472,

U485
Echinogalerus, U450
Echinoglyctls, U485, U489
Echinoglyphus, U485
echinoid compound plate, U254
echinoid plates, U231
echinoid type, U370
ECHINOIDA, U281, U287,

U289, U296, U367, U372,
U431

ECHINOIDEA, UI09, Ulll,
Ul12, Ul15, U175, U267,
U271, U273, U274, U275,
U281, 0295, U297

echinoids, U212
Echinolampadidae, U296, U497,

U506
Echinolampas, U247, U289,

U494, U506
Echinolampasidae, U271
Echinometra, U289, U433
Echinometradae, U433
Echinometres, U271
Echinometridae, U124, U296,

0367, 0370, U371, U433
Echinonatls, U445
Echinoneidae, U296, U443, U445
Echinonhdes, U271, U445
Echinoneina, U271, U281, U290,

U296, U445
Echinoneus, U246, U290, U443,

U445
Echinopedina, U357
Echinopluteus, U439
echinopluteus, U251
Echinopsis, U416
Echinopygtls, U499
Echinorodorum, U462
Echinosigra, U259, U539
Echinosoma, U346
EchinospatagtlS, U55
Echinostella, U45
Echinostrephus, U259, U269,

U433
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U680 Echinodermata-Asterozoa-Echinozoa

Echinothrix, U344, U350
Echinothuria, U286, U346
ECHINOTHURlDEAE, U286
echinothuriid plates, U231
Echinothuriidae, U220, U251,

U259, U275, U295, U346
Echinothuriinae, U295, U346
echinothurioid compound plate,

U254
ECHINOTHURI0IDA, U281,

U286, U287, U295, U341,
U344, U346

Echinotiara, U403
Echinotrochus, U491
ECHINOZOA, U108, Ulll,

U120, U134, U175, U188,
Ul99

echinozoan pattern, Ulll
echinozoans, UI08
Echinus, U213, U234, U258,

U265, U270, U286, U288,
U289, U360, U431

ecology, U157, U257, U313,
U344, U498

Ectinechinus, U112, U184, U266,
U304, U642

ectoderm, U214
Edrioaster, U137, U142, U143,

U146, U150, U152, U153,
U171

Edrioasteridae, U144, U145,
U147, Ul49, Ul50, U158,
Ul59, U160, UI71

EDRlOASTERlDAE, U136
EDRI0ASTEROIDEA, UI09,

Ul11, Ul15, Ul21, U133,
U136, Ul60, U175, U266

edrioasteroids, U125, U136
EDRI0BLASTOIDEA, UIII
Edriocystis, UI7l
Egyptechinus, U403
EHLERS & KESLING, U149
Eifelaster, U53
Eikosacystis, U157
ELASIPODlDA, U642, U644,

U645
ELEUTHEROZOA, U109, U175
eleutherozoic, U154
Eigerius, U661, U664
Elipneustes, U616
Ellipsechinus, U433
Ellipsocidaris, U433
Elpidiidae, U645
Enallaster, U553
Enallopneustes, U551, U553
Encope, U451, U485
Encrinaster, U18, U85
ENCRINASTERIAE, U35
Encrinasteridae, U38, U83
ENDECA, U67
Endeodiadema, U354
endocyclic, U213, U254
ENDOCYCLlCA, U272, U281
ENDOCYSTA, U274
endoderm, U214
Endogenasterias, U76
endopetalous fasciole, U254
endothecal, U154
en echelon, U239

Engelia, U354
Enichaster, U625
ENOPLOPATIRIA, U69
Entomaster, U528
Eoactinidae, U38, U53
Ec~~tis, U53
Eoagassizia, U575
Eobrissus, U597
Eocaudina, U642, U658, U659,

U660, U661, U664
Eocidaris, U317
EOCRINOIDEA, U111, U133,

U266, U267
Eocystites, U133
Eodiadema, U275, U350
Eolampas, U520
Eoleptasterias, U76
Eoluidia, U88
Eoluidiidae, U88
Eophiura, U27, U82
Eophiuridae, U38, U82, U88
Eophiurites, U88
Eosalenia, U352
Eoscutella, U478
Eoscutellidae, U296, U478
Eoscutum, U469
Eospondylidae, U38, U90
Eospondylus, U90
Eostella, U53
Eothuria, U112, U134, U266,

U279, U285, U304, U642
Eotiaris, U321
Ephipiellum, U102
Epiaster, U553
Epidontaster, U55
epiphysis, U245, U254
episternal, U237, U524
episternal plates, U254
epistroma, U254, U372
epithecal, U154
Erbechinus, U418
Eremasterias, U75
Eremicaster, U48
Eremopyga, U350
Eriechinus, U309
Erinaceaster, U80
Escheria, U576
Etheridgaster, U55
ETHERIDGE, U646
Etheridgella, U659, U665
Etheridgellidae, U645, U658,

U660, U665
ethmolysian, U229, U254
ethmolytic, U229, U254, U545
ethmophract, U229', U254, U545
EUASTERIAE, U36
EUASTEROlDEA, U36
Eucidaris, U333
Eucladia, Ul75, UI77, U179,

U180, U182, U185
Eucladidae, U185
Eucladiidae, U185
EUCLASTEROlDEA, U77
Eucosmechinus, U413
Eucosmus, U413
EUECHINOIDEA, U267, U272,

U273, U278, U281, U283,
U285, U295, U339

Euechinolampas, U506
Eugaster, U87
Eugasterella, U87
EUGNATHINA, U38, U65
Eugoniaster, U63
Eu/,ippasteria, U58
EUMELONARIA, U273
Eupatagus, U586
Eupholidocidaris, U302
Euporop/,yma, U402
Euretaster, U68
Eurhodia, U517
Eurocidaris, U323
EURYALAE, U90
Euryale, U35, U92
EURYALEAE,U35
euryales, U90
Euryalidae, U38, U92
EURYALINA, U35, U38, U90,

U127
Eurycoila, U463
Euryechinus, U435
Eurygonias, U56
EURYPALMARIA, U273
Eurypatagus,U624
Eurypetalum, U510
Eurypleura, U463
Eurypneustes, U397
Eurypneustes, U616
Euspatangus, U586
Etlstolasterias, U76
Euthemon, U175, U179, U180,

U182, U183, U185
Euvondria, U95
Euzonosoma, U20, U86
Euzonosomatidae, U83
Evasterias, U76
Evechinus, U368, U434
evolution, U31, U156, U266,

U298, U312, U344, U373,
U493, U544, U641, U656

Evoplosoma, U58
Exlinella, U660, U667
Exlinellidae, U645, U660, U667
exocyclic, U213, U254
EXOCYCLlCA, U272, U281
EXOCYCLOlDA, U275
EXOCYSTA, U274
exothecal, U154
exsert, U228
external morphology, U220
extrascrobicular, U238
extraxial elements, U9
extraxial structures. U17
eye, U652

facet, Ul91, U198, U201
Faorina, U576
Farquharsonia, U365
fasciole, U29, U240, U254,

U524, U545
Faujasia, U508
Fatljasidae, U508
Faujasiidae, U296, U497, U548
Fauraster, U512
Favorina, U576
FEDOTOV. U175
-feeding, U24
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FELL, U5, U16, U36, U37, UI09,
U122, U175, U227, U267,
U287, U642

FELL & MOORE, 126
FELL & PAWSON, 288
Fellaster, U464
Ferdina, U64
Fernandezaster, U588
Fibularia, U451, U469
Fibularia, U469
Fibulariella, U458, U471
Fibulariidae, U221, U247, U296,

U469
Fibularina, U271
Fibulaster, U471
Fibulina, U472
Firmacidaris, U439
FISCHER, U119
FISHER, U32, U37
Fissobractites, U659, U664
Fistularina, U469
FISTULlDAE, U641
FlSTULlDES, U641
floor plate, U144, U154
flooring plate, U29
floscelle, U235, U254
fluke, U652
flutings, U316
FOERSTE, U140, U145, U147,

Ul55, Ul90, U195, Ul96,
Ul97, U205

Foerstediscus, U142, U151, U153,
Ul65

food groove, U154, U254
foramen magnum, U245, U246,

U254
FORBES, U35
Forbesiaster, U62
FORClPULATAE, U36, U37,

U71
FORCIPULATlDA, U14, U17,

U20, U23, U32, U34, U37,
U38, U71

Fossulaster, U269, U468
FOSTER & WHITNEY, U189
Fournierechinus, U302
Fourtaunia, U588
frame, U217
Freyella, U78
Freyellaster, U78
FRIZZELL & EXLINE, U642, U644,

U647, V655, U657
Frizzellus, V660, U665
Fromia, U64
Furcaster, U88
Furcasteridae, U38, U82, U88

Gagaria, U430
Gajechinus, U440
Galea, U528
Galeaster, U530
Galeola, U528
Galeopygus, U499
Galeraster, U445
Galhidees, U272
Galerites, U447
Galeritidae, U271, U296, U443,

U446
Galeroclypeus, U631

Index

Galerolampas, V515
Galeropygidae, V296, V494,

U495, U498, U544
Galeropygus, U290, U291, U499
Ganbirretia, U530
Ganeria, U69
Ganeriidae, U38, U69
Garelia, U350
Garumnaster, U530
Gastraster, U76
Gaultieria, U588
Gaussaster, U48
Gauthieria, U398
GElS, V268, U286
GEKKER, V158, U175, U182
Genicopatagus, U622
genital bar, U20, U29
genital papilla, U29
genital plates, U227, U254
genital pore, U254
genital slit, U29
Genocidaris, U419
Gentilia, U513
Geocoma, U95
Gephyriaster, U65
Gephyrothuriidae, U645
Gibbaster, U581
Gibbaster, U533
Gigantaster, U63
GIGNOUX, V270, U277
Gilbertaster, U63
gill slit, U29, U243, U254
Gillechinus, U588
girdle, U243
Girvanaster, V25, U50
GISLEN, U152
Gisopyf!.uS, U515
Gitolampas, U518
Gitolampopsis, U518
Glabraster, U69
Glaciacantha, U98
Globator, U445
GLOBATOROlDA, U274
globiferous, U254
globiferous pedicellariae, U249
Globijormes, U273
Glossaster, U514
Glyphaster, U46
Glyphocyphidae, U239, U296,

U370, V373, U414
Glyphocyphinae, U414
Glyphocyphus, U414
Glyphodiscus, U58
Glyphopneustes, U380
GLYPHOSTOMATA, U274
GLYPHOSTOMES, U273, U277
GLYPHOSTOMES ENDO-

CYCLES, U273
GLYPHOSTOMES EXO-

CYCLES, 0273
Glyptaster, U77
Glyptechinus, U419
Glypticus, U412
Glyptocidaris, U288, U398
Glyptocyphus, U399
Glvptodiadema, U288, U416
Glyptosphaerites, U139
Gnathaster, U55
GNATHASTERlNA, U43

U681

Gnathasterinae, U55
Gnathodon, U55
GNATHOPHlURlDA, V37, UlOO
GNATHOPHIVRINA, U39, Uloo
GNATHOSTOMATA, U272,

U274, U279, U281, U286,
U289, U296, V339, U440

GNATHOSTOMES, U273
Gomophia, U64
Gomphechinus, U404
Gongrochanus, U512
GONIACTINlDA, U37, U39
Goniaster, U57
Goniasteridae, U17, U22, U31,

V34, U36, U38, U56
Goniasterinae, U38, U57
Gonimaretia, U609
Goniocidarina, U325
Goniocidarinae, U124, U295,

0325
Goniocidaris, U213, U313,

0325
GonioclypellS, U512
Goniodiadema, U350
Goniodiscaster, U63
Goniodiscoides, U63
Goniodiscus, U63
Goniodon, V56
Goniopecten, U47
Goniopectinidae, U32, U38, U47
Goniopectininae, V38, U47
Goniophorus, U380
Goniopneustes, U427
Goniopygus, U412
Goniopygus, U442
Goniosigma, U419
gonopore, U152, U154, U182,

U254
Gonosalenia, U380
Gonzalezaster, U625
Gorgonocephalidae, U28, U38,

U91
Gorgonocephalus, U92
Gotlandechinus, U311
Gracilechinus, U431
Grammechinus, U421
Granaster, U76
Granobrissoides, U591
Granopatagus, U608
granules, U29, U230, U231
GRANULOSA, U55
GRANULOSINA, U38, U55
Graphechinus, U422
Graphepleurus, U422
GRAS, U272
Grasia, U526
GRAY, U271
Gregoriura, U88
GREGORY, U36, U37, V274, U288
Gregoryaster, U559
groove spine, U29
growth, U223
Gualteria, V588
Gualtiera, U588
Gualtieria, U588
Guebhardantlltls, U463
Guettaria, U530
GURLEY, U189
Gymnanthenea, U63

© 2009 University of Kansas Paleontological Institute



U682 Echil1odermata-Asterozoa-Echi110Z0a

Gymnasteria, U69
Gymnasteriidae, U69
Gymnechinus, U427
Gymnohrisinga, U76
Gymnocidaris, U382
Gymnocidaris, U333
Gymnodia, U102
Gymnodiadema, U438
Gymnognatlzaster, U55
Gymnolophus, UI02
Gymnopatagus, U586
Gymnophiura, U95
Gymnotiara, U387

Habanaster, U542
Habrocidaris, U412
Habroporina, U69
Hacelia, U64
Hadranderaster, U55
HAECKEL, U273, U284
Hagenovia, U530
Hagenowia, U260, U530
Haimea, U441, U448
hairs, U248
Halityle, U63
HALL, Ul89, U195, Ul98, 0200
Hallaster, U88
Hallasteridae, U88
Hamaxitus, U578
HAMPTON, U647, U650, U651
Hapalosoma, U346
Haplocrinites, U 119
Haplocystis, UI67
Haplocystites, UI67
Haplophiura, U95
Hardouinia, U494, U512
Hardtlinia, U512
Haueria, U437
Hawkensia, U445
HAWKINS, U124, U440, U443
Hawkinsia, U445
Hebertia, U357, U416
Hecistocyplzus, U357
Hectopedina, U357
HEDING & PANNING, U644
Helgocystis, U259, U539
HelianIhaster, U65
Helianthasteridae, U38, U65
Heliantlzasterinae, U56
Heliaster, U74
Heliasteridae, U36, U38, U74
Helicoplacidae, U134
HELICOPLACOIDEA, UI09,

Ulll, U1l2, Ul21, UBI,
U133, U266, U642

helicoplacoids, UBI
Helicoplacus, UIlI, U1l2, U133,

U134, U642
Heliedlintls, U429
Helikodiadema, U352
Heliocidaris, U435
Heliophora, U491
Helodiadema, U355
hemal system, U218
Hemiaster, U259, U548, U558
Hemiasterias, U76
Hemiasteridae, U259, U297,

U548, U550, U557

HEMIASTERINA, U299, U548,
U550, U557

Hemibrissus, U592
Hemicara, U505
Hemicentrotus, U435
Hemicidaridae, U296, U369,

U370, 0373, U374, U381
HEMICIDARlNA, 0288, U381
Hemicidaris, U288, U381
HEMICIDAROIDA, 0281, U287,

U288, U296, U369, 0370,
U371, U372, U373, U374,
0381

Hemicnemis, U43
Hemicodiopsis, U411
Hemicystis, UI62
Hemicystites, U139, U140, U149,

U152, U153, Ul58, U159,
Ul62

Hemicystitidae, U140, U142,
Ul44, U145, U149, U153,
Ul59, U160, U162

Hemidiadema, U417
Hemiechirws, U427
Hemieuryale, U99
Hemieuryalidae, U39, U99
Hemifaorina, U576
Hemigymnia, U576
Hemilzeliopsis, U491
Hemimaretia, U608
Hemipatagtls, U609
Hemipedina, U357
Hemipholis, U100
Hemiphormosoma, U348
Hemipneustes, U530
Hemipygus, U381
Hemisphaeranthos, U660, U661,

U668
Hemithylus, U399
Hemitiaris, U382
HEMIZONIDA, U43
HEMIZONINA, 032, 037, U43
Henricia, U70
Henricides, U70
Heresaster, U71
Hernandezaster, U559
Herrerasia, U463
Herreraster, U591
Hesperocidaris, U335
Hessotiara, U288, U383
Heteracteclzintls, U398
Heteractis, U398
Heteraster, U277, U553
Heterasterias, U76
Heterobrissus, U125, U622
Heterocentrotus, U267, U435
Heterocidaridae, U287, U295,

0365
Heterocidaris, U287, U366
Heteroclypetls, U507
Heterocosmus, U412
Heterodiadema, U289, U383
Heteroeclzinus, U366
HETEROGNATHES, U273
Heterolampas, U559
Heterontlcleus, U501
Heteropedina, U355
Heteropneustes, U533
Heteropodia, U412

Heterosalenia, U375
Heterospatangus, U586
Heterotiara, U387
Heterozonias, U67
Heuresaster, U56
Hexagramma, U390
Hexaster, U68
Hexasterias, U76
Hikelaster, U591
Hippasteria, U58
Hippasteriinae, U38, U58
Hipponoe, U429
Hisingeraster, U45
Histocidarina, U321
Histocidarinae, U124, U295,

U321
Histocidaris, U321
holamphisternous, U254, U548
Holanthus, U559
Holaster, U292, U528
Holasteridae, U237, U297, U523,

U524, U528
Holasteroida, U235, U247, U277,

U281, U291, U297, U524,
U545

holasteroids, U523
Holasteropsis, U528
Holcoepygtls, U501
Ho!copneustes, U559
Holectypida, U273
Holectypidae, U296, U443
HOLECTYPINA, U274, U275,

U281, 0290, U296, U443,
U458

Holectypinae, U443
Holectypoida, U234, U236, U239,

U273, U275, U281, U289,
U290, U296, U443

holectypoids, U440
Holectypus, U229, U246, U275,

0289, U290, U441, U443,
U444

Holocentronotus, U435
HoioglYlJ/us, U412
HOLOPHIURINA, U3:'
Holopneustes, U422
HOLOSTOMES, 0273
Holothuria, U651, U652
HOLOTHURIACEA, U641
HOLOTHURIADAE, U641
HOLOTHURIAE, U641
HOLOTHURIDA, U641
HOLOTHURIDAE, U641
HOLOTHURIDEA, U641
Holothuriidae, U645, U654
HOLOTHURINA, U641
HOLOTHURIOIDEA, U641
HOLOTHUROIDEA, Ul09,

UlII, UI13, U115, Ul21,
U175, U641, U642, U645,
U646

holothuroids, U126, U641
Homalocidaris, U323
Homalophiura, U95
HOJl,ULOSTOMATA, U274
HOMALOZOA, UI09, UIIO
homalozoan pattern, U II 0
Homoeaster, u567
Homoeopetalus, U625
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HOMOGNATHES, U273
Homoianthoides, U565
HOMOIOSTELEA, UII0
Homolampas, U259, U613
HOMOSTELEA, UII0
Homotoechus, U301
hook, U653
Hoplaster, U56
Hosea, U63
Hosia, U63
hub, U653
Hudsonaster, U50
Hudsonasteridae, U17, U38, U50
Hudsonasterinae, U38, U50
Hungaresia, U516
Hunsrueckaster, U53
Hupea, U472
Huraeaster, U59
Hyattechinus, U304
Hybochinus, U303
Hyboclypus, U499
Hybodyhus, U499
Hyboclypeus, U499
Hyboclypus, U499
Hybodyhus, U499
Hydrasterias, U76
hydrogononore, U152, U154
Hydrophoridea, U152
hydropore, U152, U154, U201
Hygrosoma, U346
HYMAN, VI20, VI22, U214,

U218, U657
Hymenaster, U68
Hymenasterides, U68
Hymenodiscus, U78
Hymenosoma, U86
Hypechinus, U431
Hyphalaster, U48
Hypodiadema, U387
Hypophiura, U88
hypophyllode, U254
Hypopygurus, U497, U505
Hyposalenia, U379
Hyposaleniinae, U296, U379
HYPOSTOMA, U35
Hypsaster, U551, U553
Hypselaster, U569
Hypselolampas, U520
Hypsiechinus, U423
Hypsoclypus, U506
Hypsolleteroclypeus, U508
Hypsopatagus, U565
Hypsopygaster, U514
Hypsospatangus, U565
Hystrigaster, U65

lealia, UI02
leasterias, U76
leonaster, U58
Idiobryssus, U591
Idiocidaris, U379
lheringia, U485
lheringiana, U485
Iheringiella, U485
lheringina, U485
llarionia, U518
llyaster, U46
imbricating, U201
imperforate, U238, U315

Index

included plates, U231, U254
increasing bilateral symmetry,

U548
Indiaster, U62
lndiaster, U575
inferomarginals, U22, U29
Inflataster, U543
Infraclypeus, U631
Infulaster, U530
inner tubercles, U231
insert, U227, U254
Insuflaster, U633
Insululaster, U633
Integraster, U43, U558
integument, U201
interactinal, U29
interamb, U254
interambulacra, UBI, U138,

U213, U236, U254, U266,
U315, U343, U370, U523

interambulacral, U139, U154,
U195,0201

interambulacral plates, U299,
U455

interambulacrum, U154, U254
ir.terbrachial, U29
intercalary, U254
intermarginal, U29
intermediate, U29
internal fascio1e, 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
irregular, U254
irregular echinoids, U213
lRREGULARES, U272
IREGULARIA, U270, U271,

U274, U275, U277, U340
IRREGULIERS, U274
Isaster, U554
Isaster, U62
Isechinus, U431
Ismidaster, U530
lsolampas, U507
Isomicraster, U554
Isopatagus, U554
Isopeta!um, U565
Isopneustes, U581
Isorophus, U139, U142, U143,

U152, U155, U169
Isorophusella, U143, U169

JACKSON, U124, U274
Jacksonaster, U473
lacksonechinus, U302
lacobella, U59
Jacquiertia, U400

U683

JAEKEL, U11, U37, U155, U161,
U175, UI90

laekelaster, U74
lavanechinus, U418
jaw, U29
Jeannetia, U288, U404
Jeronia, U530
JESIONEK-SZYMANSKA, U226
Johannaster, U63
Jolyclypus, U523
lovaster, U86

Kaliobullites, U659, U670
Kaliobullitidae, U659, U670
Kalyptasterias, U75
Kamptosoma, U259, U350
Kampylaster, U69
Karlaster, U485
keel, U254
Kenrickaster, U76
Kentrospondylus, U90
Kephrenia, U518
Keraiophorus, U412
KESLING, U125, U126, U150
KESLING & EHLERS, U149
KESLING & MINTZ, U117, U147,

UI50
Kewia, U482
Kewia, U482
KIER, U54, U285, U291, U548
Kierechinus, U352
Kionocidaris, U335
KIRCHNER, U226
Klasmura, U89
Klasmuridae, U38, U89
KLEIN, U270
Kleinia, U584
Koehlemster, U76, U445
Koenigia, U395
Koeraiaphorus, U412
Koilospatangus, U586
Koninckocidaris, U307
Koremaster, U46
Korethraster, U68
Korethrasteridae, U38, U68
Kyraster, U53

Labidiaster, U76
Labidiasterinae, U38, U76
Labidiast"ella, U76
L~brotaxis, U530
labrum, U236, U254, U543
ladle, U653
LAEMOPHIVRIDA, U37, U98
LAEMOPHIURINA, U39
Laetmaster, U67, U98
Laetmogonidae, U645
Laevipatagus, U608
Lallana, U472
Laganes, des, U472
Laganidae, U296, U471
Laganidea, U462
LAGANINA, U281, U290,

U296, U468
Laganum, U290, U472
Lahillea, U70
Lajanaster, U591
Lajanaster, U591
LAMARCK, U35, U271
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LAMBERT & THIERY, U270, U274,
U459, U548

Lambertechinus, U400
Lambertella, U46
Lambertia, U608
Lambertiaster, U567
Lambertiella, U477
Lambertona, U568
lamellae, U316
Lampadiformes, U273
Lampadocorys, U530
Lamprechinus, U423
Lanieria, U443, U444
lantern, U243, U254, U300,

0343, 0369
Lanternarius, U339
Lapworthura, U88
Lapworthuridae, U38, U88
larval arms, U31
larval skeleton, U251
Lasiaster, U69
Laspalia, U91
lateral, U17, U29
lateral fasciole, U254
lateral groove, U154
lateral pore, U154
lateroanal fasciole, U255, U545
LATREILLE, U270, U271, U272
lattice-plate rule, U650, U651
Laubeanthus, U463
Lebetodiscus, U139, U140, U141,

U142, U144, Ul47, U165
Lebrunaster, U69
Lefortia, U512
LEHMANN, U641
Leiaster, U64
Leilaster, U69
Leioactis, U65
Leiocidaris, U330
Leiocorys, U528
Leiocyphus, U423
Leiodiadema, U357
Leiopatagus, U605
Leiopedina, U358
LeiopleufUs, U430
Leiopneustes, U565
Leiosoma, U408
Leiospatangus, U608
Leiostomaster, U567
Lenicyamidia, U471
Lenita, U471
Leodia, U485
Lepidactinidae, US I
Lepidactininae, U38, U51
Lepidactis, U5I
Lepidaster, U44
Lepidaster, U64
Lepidasterella, U65
LeDidasteridae, U37, U43
Lepidasterina, U42
Lepidechinoides, U307
Lepidechinus, U232, U307, U342
Lepidesthes, U303
Lepidesthidae, U295, U303
Lepidocentridae, U225, U275,

U285, U295, 0304
LEPlDOCENTROlDA, U275,

U277

Lepidocentrus, U304
Lepidocidaris, U232, U319
Lepidoconia, U142, U147, U165
Lepidodiscus, U134, U138, U143,

UH6, Ul52, Ul53, u169
Lepidopleurus, U423
Leptarbacia, U389
Leptasterias, U76
Leptechinus, U400
Leptechinus, U309
Leptocidaris, U365
Leptoclypus, U463
Leptodiadema, U352
LEPTOGNATHINA, 038, U68
Leptogonaster, U58
Leptogonasterinae, U58
Leptogonium, U62
Leptopleurus, U423
Leptoptychaster, U 46
Leptychaster, U46
Lepyriactinidae, U38, U65
Lepyriactis, U65
LESKE, U270
Leskia, U566
Leskiadae, U271
Leskiidae, U566
Lethasterias, U76
Leucaster, U67, U558
lever action, UI2
Leviechinus, U542
Leymeriaster, U559
Libyolampas, U507
LINCK, U35
Linckia, U31, U64
Linckiidae, U36, U64
Lindstroemaster, U45
Lindstroemasterininae, U 45
LINNE, U35, U270
Linopneustes, U622
Linthia, U576
Liopatagus, U605
Lissocidaris, U335
Lissodiadema, U352
Lissodiadematidae, U295, U34 I,

U344, U252
Lissonottls, U613
Lissophiothrix, UI02
Lissospatangus, U591
Lithosoma, U63
Litonotaster, U63
Lobophora, U489
Lonchophortls, U607, U609
Lonchotaster, U47
Lonchotaster, U47
Lophaster, U67
Lophidiaster, U46
Lophopygus, U501
LopllOpteraster, U68
Loriolaster, U86
Loriollella, U277, U291, U321,

U631
Loriolia, U387
Loriolipedina, U358
LOVEN, U1I9, U213, U237,

U451, U524, U548
Loven system, UI20
Lovenechinus, U235, U309
Lovenia, U613
Lovenian symmetry, U255

Lovenian system, U221, U255
Loveniidae, U297, U545, U548,

U550, U609
Lovenilampas, U523
Loven's law, U222, U543
lower plate, U201
Loxechinus, U431
LUCAS, U226
LUDWIG, U35
Luetkenia, U96, UI02
Luidia, U32, U43
Luidiaster, U48
Luidiidae, U32, U37, U42
lunule, U255
Lutetiaster, U576
Luydia, U43
Lychnidius, U514
Lydiaster, U63
Lymanaster, U575
lyre, U653
Lysaster, U48
Lysasterias, U76
Lysastrosoma, U77
Lysechinus, U286, U437
LYSOPHlURAE, 037, U83
LYSOPHIURINA, U38, U83
Lytaster, U76
Lytechinus, U220, U264, U427

MACBRIDE & SPENCER, U266,
U285,0304

Maccoya, U309
MACHAERlDIA, UlIO
Machairaster, U48
Macraster, U555
macrocanal system, U452
Macrodiadema, U356
Macrolampas, U507
Macrophiothrix, U102
Macrophora, U485
Macropneustes, U591
Macroporaster, U51
Macroptychaster, U47
Maeropygus, U365
Maculaster, U43
madreporite, U7, U20, U29,

U182, U227, U255, U650
MADSEN, U641
Magdalenaster, U69, U70
Mag-nosia, U412
Mahabissaster, U63
Malebosis, U425
MALLIEUX, UI99
mamelon, U231, U238, U255,

U315
mamillary elevation, U201
Mammaster, U75
Manasterina, U69
Manzonia, U627
Marcelaster, U48
Marcel/aster, U48
Maretia, U609
Maretiidae, U605
margin, U255
marginal, U22, U29, U154
marginal fasciole, U242, U255,

U545
'marginal ring, U191, U199, U201
marginal series, U315
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marginal tubercle, U231, U315
marginal zone, U201
Marginaster, U69
Mariania, U591
Mariaster, U63
Marsipaster, U68
Marthasterias, U76
Martinechinus, U423
Martinosigra, U530
Melechinus, U309
Melia, U64
Mellita, U258, U264, U485
Mellitella, U485
Mellitidae, U296, U485
Melobosis, U633
Melont?chinides, U273
MELONECHlNOIDA, 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, U524
Merocidaris, U339
Merolampas, U506
Merriamaster, U481
Mastaster, U62
masticatory apparatus, U255
Mastigactis, U86
Mastigophiura, U87
MATSUMOTO, U37
Mattsechinus, U175, U447
Mauritanaster, U592
Mazzettia, U627
M'Coy, U271, U283
Mecaster, U559
Mecostobrissus, U633
median dorsal, U29
Mediaster, U62
Medocechinus, U415
medulla, U247, U255, U316
Medusaster, U82
Meekechinus, U304
Megacidaris, U330
Megalaster, U568
MEGALOPODA, U275, U281,

U285
Megapatagus, U586
Megapedina, U357
Megapetalus, U622
Megaoneustes, U592
Megapygus, U365
Meijeria, U616
Melebosis, U425, U633
mesamphisternous, U255, U548
mesoderm, U215
Mesodiadema, U275, U358
Mesopalaeaster, U18, U51
Mesopalaeasteridae, U38, U51
Mesopalaeasterinae, U38, U51

Index

MESOSTOMA, U271
Mespilia, U423
M~ssaoudia, U530
Metacrosalenia, U375
Metadontaster, U56
Metalia, U597
Metaliopsis, U597
metapinnular, U14, U16
metaoinnules, U14, U29, U39
Metaporhinus, U527
Metaporinus, U527, U544
metasternal, U255
Metholectypus, U444
Metopaster, U31, U57
Metrodira, U71
Metrodiridae, U38, U7l
Metrodirinae, U71
Meyenaster, U76
Michelinia, U475
Micradites, U660, U668
Micraster, U544, U581
Micrasteridae, U297, U548, U550,

U580
MICRASTERINA, U297, U548,

U550, U580
Micrasterinae, U581
Microantyx, U656, U659, U660,

U668
microcanal system, U255, U268,

U451
Microcidaris, U321
Microcpyhus, U423
Microdiadema, U388
Microlampas, U448
Micropedina, U359
Micropeltis, U405
Micropetalon, U443, U445
Microphiura, U98
Micropsidia, U401
Micropsina, U403
Micropsis, U401
Micropyga, U352
Micropygidae, U295, U341,

U344, U352
Microsoma, U402, U448
mid-zone, U255
Migliorinia, U599
Mikrocidaris, U321
miliary, U255
miliary spines, U247
miliary tubercles, U238, U255,

0315, U316
milled ring, U247, U255, U316
MILLER, U189
Milletia, US I7
Milnia, U375
Milteliphaster, U63
Mimaster, U65
Mimasterinae, U64
Mimastrella, U47
Miocidaridae, U124, U267, U295,

U312,0321
Miocidaris, U321
Miocyphosoma, U402
Miolampas, U506
Miomaster, U51
Miopedina, U357
Miopentagonaster, U62
Miophyma, U462

U685

Miorthopsis, U437
Miospondylus, U88
Miotoxaster, U551
Mirastrella, U69
Mistechinus, U403
Mithrodia, U7l
Mithrodiidae, U38, U71
Mithrodiinae, U71
Min-aster, U57
Moera, U576
Moira, U576
Moiraster, U47
Moiropsis, U576
Mokotibaster, U555
molpadiid type, U653
MOLPADIIDA, U644, U645,

U650
Molpadiidae, U645
Molpadioites, U662, U670
Monachaster, U63
Monamphiura, UI02
Monaster, U34, U50, U55
Monasteridae, U34, U38, U54
monobasal, U228, U255
monocyclic, U227, U255
Monodiadema, U375
Monopholis, UI02
Monophora, U485
Monophoraster, U485
Monophorasteridae, U296, U485
MONOPLACIDES, U273
Monostychia, U468
MOORE, U5
MOORE & FELL, U191
Moronaster, U622
morphology. U9, U175, Ul91,

U313, 0341, U367, U648
MORTENSEN, U123, U124, U125,

U257, U270, U275, U278,
U286, 0340,0373, U451,
U460, U492, U524, U545,
U548, U629

Mortensenaster, U603
Mortensenia, U75, U433
Mortensenites, U659, U660,

U661, U664
Mortonella, U477
Mortonia, U47l
Mortonia, U477
mosaic, U201
Motllinia, U485
Moulinsia, U485
mouth, U23, U29, U201
mouth frame, Ul1, U13, U29
mouth shield, U29
mouth-angle plates, U14, U29
MUNSTER, U646
multiserial, U255
MUNIER-CHALMAS, U273
MURAKAMI, U37
Murravecl,inus, U412
MYANNIL, U123, U266, U275
Myonota, U48
Myonotus, U48
MYOPHlUROIDEA, U37
Myoraster, U67
Myriastiches, U307
Myriotrochidae, U645
Myriotrochites, U668
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Myxaster, U68
Myxasterinae, U38
Myxoderma, U75

Na<opatagtls, U609
Nacospatangus, U609
Nannolampas, U629, U630
Nannophiura, Ui02
Narcissia, U64
Nardoa, U64
Narindechinus, U40I
Narrawayella, U197, U205, U206
Nauricia, U47
Nearchaster, U48
neck, U238, U247, U255, U316
Nectria, U58
Nectriaster, U58
Ncctriinae, U38, U58
Nehippasteria, U58
Neocatopygus, U5I8
Neoclypeus, U505
Neoferdina, U64
Neolaganidae, U296, U475
Neolaganum, U475
Neolampadidae, U291, U297,

U629
NEOLAMPADINA, U291, U628
NEOLAMPADOIDA, U297,

U29I, U628
Neolampas, U629
Neomorphaster, U77
Neomorphasterinae, U38, U77
Neopalaeaster, U18, U5I
Neopalaeasteridae, U38, U5I
Neopatagus, U633
Neoplax, U89
Neopneustes, U600
Neorumphia, U475
Neosmilaster, u76
Nepanthia, U69
nervous system, U219
Nesasterias, U76
neuropore, U230, U255, U315
NICHOLS, U214, U218, U257,

U260, U261, U263, U45I,
U544, U548, U627

Nidorellia, U63
Nina, U569
Nipponaster, U482
NISSEN, U225
NODOSTOMATA, U274
Noetlingaster, U231, U404
Noetlingia, U404
noncidaroid Paleozoic echiIlDids,

U298
nonconjugate pores, U23I, U315
noncrenulate (parapet), U238,

U316
Nordenskjoddaster, U542
Nordenskjoldaster, U542
Notasterias, U76
Notasteriinae, U75
notch, U255
Notechinus, U425
Notioceramus, U63
Notocidaris, U323
Notolampas, U630
NOTOMYOTINA, U22, U32,

U33, U38, U48

Notopygus, U501
Noviaster, U62
Nucleolides, U271
Nucleolites, U495, U497, U50I
Nucleolitidae, U271, U292, U296,

U495, U497, U500
NUCLEOLITOIDA, U28I, U291
Nucleolus, U633
Nucleopygus, U497, U514
Nucleopyrina, U445
Nudechinus, U428
Nudobrissus, U627
Nullamphiura, Ui02
Nullopholis, UI02
Nyctimene, U462
Nymphaster, U62
Nymphaster, U62

occluded plate, U23I, U255
Ochetes, U514
ocular plate, U227, U255, U266
ocular pore, U255
oculogenital ring, U255
Odinella, U78
Odinia, U78
Odontaster, U55
Odontasteridae, U38, U55
odontophore, U14, U29
OEGOPHIURIDA, U3I, U35,

U38, U82
OEGOPHIUROIDEA, U37, U82
Oeidolampas, U508
Offaster, U530
Ogmaster, U58
OgmocidaIis, U323
OKEN, U35
Olenellus Zone, UI09, U266
Oligophyma, U428
Oligopodia, U633
oligoporous, U255, U309
Oligopygidae, U290, U296, U443,

U488
Oligopyginae, U448
Oligopygus, U44I, U443, U448
Ombria, U440
ontogeny, U3I, UI55, U201
Onychaster, U90
Onychasteridae, U38, U90
Oolaster, U528
Oolopygus, U505
Opechinus, U423
open petal, U234
Ophiacantha, U98
Ophiacanthella, U98
Ophiacanthidae, U39, U98
Ophiactidae, U39, UlOO
Ophiactinae, UIOO
Ophiactis, UiOO
Ophiagona, U96
Ophialcaea, U98
Ophiambix, U98
Ophianoplus, U97
Ophiarachna, U97
Oohiarachnella, U97
Ophiarachninae, U97
Ophiaregma, UIOO
Ophiarthrum, U97
Ophiaulax, U28, U93
Ophiaxina, UI02

ophicephalous, U255
ophicephalous pedicellariae, U25i
Ophidiasteridae, U31, U34,

U38, U64
Ophiectodia, U98
Ophientodia, U98
Ophientrema, U98
Ophiernus, U97
Ophioaethiops, Ui02
Ophioblenna, U98
Ophiobrachion, U90
Ophiobyrsa, U90
Ophiobyrsella, U90
Ophiobyrsinae, U38, U90
Ophiocamax, U98
Ophiocampsis, UI02
Ophiocanopidae, U38, U89
Ophiocanops, U89
Ophiocentrus, Ui02
Ophiocentrus, UI00
Ophioceramis, U96
Ophioceres, U96
Ophiochaeta, U98
Ophiochalcis, U95
Ophiochasma, U98
Ophiochondrella, U98
Ophiochiton, U97
Ophiochitonidae, U97
Ophiochondrinae, U99
Ophiochondrus, U99
Ophiochorus, U95
Ophiochrysis, U95
Ophiochytra, UIOO
Ophiocirce, U97
OPHIOCISTlA, Ul74, UI85
OPHIOCISTIOIDEA, UI09,

UllI, U1l2, Ul13, Ul21,
Ul85

OPHIOCISTlOiDES, UI85
ophiocistioids, UI26, UI74
Ophioclastus, U98
Ophiocnemis, UI02
Ophiocnida, UI02
Ophiocnidella, UI02
Ophiocoma, U97
Ophiocomella, U97
Ophiocomidae, U39, U97
Ophiocomina, U97
Ophioconis, U98
Ophiocopa, U98
Ophiocormus, U98
Ophiocrasis, U97
Ophiocrates, U96
Ophiocreas, un
Ophiocrene, U92
Ophiocrossota, U95
Ophiocryptus, U98
Ophiocten, U95
Ophiocyclus, U99
Ophiocymbium, U98
Ophiocynodus, U89
Ophiocypris, U96
Ophiodaces, U98
Ophiodaphne, UiOO
Ophiodelas, U99
Ophiodera, U89
Ophioderma, U97
Ophiodermatidae, U39, U97
Ophiodesmus, U97
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Ophiodictys, U99
Ophiodiplax, U98
Ophiodoris, U97
Ophiodyscrita, U97
Ophiogema, U99
Ophiogeron, U89
Ophioglypha, U95
Ophioglyphina, U95
Ophioglyphoida, U99
Ophiogona, U96
Ophiogymna, UI02
Ophiogyptis, U99
Ophiohelix, Ul02
Ophiohelus, U89
Ophioho1cus, U99
Ophiohyalus, U89
Ophiohymen, U89
Ophiolebella, U96
Ophiolebes, U99
Ophioleda, U99
Ophioleila, U99
Ophiolepididae, U96
Ophiolepidinae, U38, U96
Ophioleptoplax, U89
Ophiolepus, U96
Ophioleuce, U97
Ophioleucidae, U39, U96
Ophiolimna, U99
Ophiolipus, U96
Ophiologimus, U99
Ophiolophus, U102
Ophiolycus, U89
Ophioma, U102
Ophiomages, U96
Ophiomaria, U96
Ophiomastinae, U95
Ophiomastix, U97
Ophiomastus, U96
Ophiomaza, UI02
Ophiomedea, U99
Ophiomelina, U99
Ophiomidas, U96
Ophiomisidium, U96
Ophiomitra, U99
Ophiomitrella, U99
Ophiomoeris, U99
Ophiomonas, UI02
Ophiomora, U89
Ophiomusa, U96
Ophiomusium, U96
Ophiomyces, U99
Ophiomycetidae, U98
Ophiomytis, U99
Ophiomyxa, U89
Ophiomyxidae, U38, U89
OPHIOMYXINA, U38, U89
Ophiomyxinae, U38, U89
Ophioncus, U98
Ophionema, UI02
Ophionephthys, UI02
Ophionereididae, U39, U97
Ophionereidinae, U97
Ophionereis, U97
Ophionotus, U96
Ophionyx, UI02
Ophiopaepale, U98
Ophiopallas, U97
Ophiopege, U93
Ophiopeltis, UI02

Index

Ophiopenia, U96
Ophioperla, U97
Ophiopetra, U98
Ophiopeza, U98
Ophiopezella, U98
Ophiopholis, UI00
Ophiophragmus, UI02
Ophiophrixus, U90
Ophiophrura, U99
Ophiophthalmus, U99
Ophiophthirius, VI02
Ophiophycis, U96
Ophiophyllum, U96
Ophiopinax, U98
Ophiopinna, U99
Ophioplax, U97
Ophiopleura, U96
Ophioplinthaca, U99
Ophioplinthus, U96
Ophioplocus, U96
Ophioplus, U99
Ophiopora, U99
Ophiopristis, U98
Ophioprium, U99
Ophiopsammium, UI02
Ophiopsammus, U98
Ophiopsila, U97
Ophiopteris, U97
Ophiopteron, UI02
Ophiopus, Uloo
Ophiopyren, U97
Ophiopyrgoides, U96
Ophiopyrgus, U96
Ophioripa, U99
Ophioscalus, U98
Ophioschiza, U90
Ophiosciasma, U89
Ophioscolex, U89
Ophiosemnotes, U99
Ophiosmilax, U90
Ophiosparte, U99
Ophiosphaera, UI02
Ophiosphalma, U96
Ophiospilinae, U97
Ophiostegastus, U98
Ophiosteira, U96
Ophiostiba, U89
Ophiostigma, U102
Ophiostyracium, U89
Ophiosyzygus, U89
Ophioteichus, U96
Ophioteresis, UI02
Ophiothamnus, U99
Ophiothauma, U99
Ophiothela, UI02
Ophiotholia, U99
Ophiothricidae, U39, UI02
Ophiothrix, U28, UI02
Ophiothyreus, U96
Ophiotitanos, U96
Ophio~alfa, U96
Ophiotoma, U99
Ophiotrema, U99
Ophiotreta, U98
Ophiotrichoides, UI02
Ophiotrigonum, U102
Ophiotriton, U97
Ophiotrochus, U97
Ophiotylos, U96
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Ophiotypa, U96
Ophiovesta, U90
Ophiozea, U95
Ophiozona, U96
Ophiozonella, U96
Ophiozonoida, U96
Ophiura, U27, U35, U95
OPHIURA,037
Ophiurases, U99
Ophiuraster, U96
Ophiuraster, U96
OPHIUREAE, U35, U92
Ophiurella, UI03
Ophiurella, U90
OPHIURIDA, U27, U28, 035,

U37, U38, U78, U92
Ophiuridae, U35, U38, U78, U93
OPHIURIDAE, U35, U95
Ophiurina, U93
Ophiurinae, U38, U95
Ophiurinidae, U38, U93
Ophiuriocoma, UI03
Ophiurochaeta, U98
Ophiuroconis, U98
Ophiurodon, U98
Ophiuroglypha, U96
ophiuroid arm, U16
OPHIUROIDEA, U35, U36,

U37, U38, U78, Ulll, U175
Ophiurolepis, U96
Ophiuropsis, U91
Ophiurothamnus, U99
Ophryaster, U62
Opisopneustes, U530
Opissaster, U565
Oppenheimia, U608
oral, U7, U29, U154, U255,

U315
oral disc, U191, U201
oral intermediate, U30
oral papilla, U30
oral slit, U30
oral surface, U213
ORBIGNY, D', U272
Orbignyana, U526
Orchoporus, U481
ordo militaris, U646
Ordoviciaster, U50
Oreaster, U63
Oreasteridae, U34, U38, U63
Orechinus, U423
orientation, U221
Oriolampas, U508
ornament, U153
Ornaticannula, U660, U662
Ornithaster, U568
orotegminal, U154
Orthanthus, U463
Orthasterias, U76
Orthechinus, U403
Orthocidaris, U331, U438
Orthocyphus, U403
Orthodiadema, U390
Ortholophus, U424
ORTHOPSIDA, 0286, U289,

U374, U437
OrthoDsidae, U296, U374, U437
ORTHOPSINA, U281, U289,

U437
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Orthopsinae, U437
Orthopsis, U437
orthosternous, U255
Ortmannia, U70
ossicles, U9, U22, U30, U201
Othilia, U70
Ottiliaster, U519
Oustechinus, U528
Ova, U569, U633
Oviclypeus, U448
Ovulaster, U548, U581
Ovulechinus, U448, U523
O"'lm, U633
Oxclypeina, U463
Oxypleura, U463

Pachechinus, U435
Pachopsites, U661, U664
Pachopsitidae, U664
Pachyaster, U62
Pachycentrotus, U435
Pachycidaris, U321
Pachyclypeus, U631
Pachyclypus, U631
Pachylampas, U508
Paedasterias, U76
paired lateral fascioles, U242
Palaeactis, U65
Palaeaster, U18, U50
Palaeasteraceae, U33, U38, U48
Palaesteridae, U38, U48, U49
Palaeasterina, U45
Paweaaennidae, U45
Palaechinasteridae, U42, U65
Palaechinidae, U225, U232, U295,

U299, U309
PALAECHINOIDA, U267, U281,

U283, U284, U295, U298,
U309

Palaechinus, U232, U271, U283,
U284, U299, U309

Palaeechinus, U309
Palaenectria, U53
Palaeobnngidae, U83
Palaeobrissus, U622
Palaeobryssus, U622
Palaeochiridota primaeva, U645
Palaeocidaris, U3I7
Palaeocoma, U98
Palaeocoma, U80
Palaeocucumaria, U653, U658,

U665
Palaeocttcttmaria, U664
Palaeocucumariidae, U653
Palaeodiadema, U352
Palaeodiscus, U307
PALAEOECHINOlDEA, U273
Palaeogoniasteridae, U52
Palaeolampas, U506
Palaeopedina, U287, U289, U360
Palaeophiomyxa, U87
Palaeophiura, U87
Palaeophittridae, U87
Palaeophyomyxidae, U87
Palaeopneustes, U125, U624
Palaeopneustidae, U614
Palaeosolaster, U45
Palaeosolasteridae, U45
Palaeospondylidae, U88

Palaeospondylus, U88
Palaeostella, U53
Palaeostellidae, U52
Palaeostoma, U566
Palaeostomata, U566
Palaeostomatidae, U297, U548,

U550, U566
Palaeostominae, U551
Palaeotrema, U624
Palaeotropus, U622
Palaespondylus, U88
Palaeura, U27, U82
Palaeuridae, U38, U82
Palasteracanthion, U71
Palasterina, U45
Palasterinidae, U32, U37
Palasteriscidae, U34, U37, U42
Palasteriscus, U32, U42
Palastropecten, U88
Paleanthus, U463
PALECHlNlDA, U273
PALECHINlDEA, U272
Palichinides, U273, U277
Palechinus, U309
Palechtinus, U309
Paleoechinoneus, U445
Paleochiridota, U659, U669
Paleochiridotidae, U659, U699
paleoecology, U203, U257, U657
Paleopneustes, U624
Paleopneustidae, U614
Paleotrema, U624
Palhemiaster, U565
Palmasterias, U78
Palmeraster, U555
Palmipedinae, U69
Palmipes, U69
Pandelia, UI02
Panglyptus, U412
PANNING, U644
papilla, U30
papula, U17, U30, U331
papular pore, U30
Pm'abattts, U571
Parabrisinga, U78
Parabrissus, U576
Paracentrotus, U433
Paracidaris, U335
Paracrinoidea, U III
Paracrocnida, U102
Paracucumarites, U660, U664
Paracucumidae, U643, U645
Paracucumis, U643
Paradicoptella, U425
Paradoxechinus, U424
Paragonaster, U59
Paralampas, U515
Paralophaster, U67
Paramaretia, U609
Paramphiura, VI02
Paranepanthia, V69
parapet, U238, U315
Paraphormosoma, U348
Parapneustes, U578
Parapygus, U497, U508
Pararchaster, U48
Pararchasterinae, U48
Parasalenia, U436

Parasaleniidae, U124, U296,
U370, U436

Parasaleninae, U436
Parascutella, U477
Paraster, U569
Parasterias, U75
Parasterina, U69
Parastichaster, U75
Parastomechinus, U404
Parastropecten, U46
Paratina, U463
Paratinanthus, U463
Paratrema, U424
Parechinus, U433
Parhabdocidaris, U330
PARKINSON, U271
Parmulechinus, U477
Paronaster, U533
PAROPHlURA, U37, U81
PAROPHIURINA, U38, U81
Parrhabdocidaris, U330
Parvioctoidus, U660, U664
Parvispina, U659, U661, U662
Passalaster, U523
Patagiaster, U47
Patiria, U69
Patiriella, U69
Paulia, U63
Pauliella, U64
Pauropygus, U448
Pavaya, U462
PAWSON & FELL, U1I7
paxilla, U17, U30
PAXILLOSA, U43
PAXILLOSAE, U36, U37
paxillose, U30
PAXILLOSIDA, Ul7, U20, U22,

U23, U32, U37, U43
Pectinaster, U48
Pectinidiscus, U47
Pectinura, U98
Pedatopriscus, U660, U667
pedicel, U255
pedicellariae, U23, U30, U230,

U247, U249, U255, U268,
U315, U343, U458, U524

Pedicellaster, U76
Pedicellasteridae, U36, U76
Pedicellasterinae, U38, U76
Pedina, U287, 0345, U357
Pedinidae, U295, U357
Pediniens, les, U357
PED/NINA, U281, U287, 0357
Pedininae, 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
PELMATOZOA, Ul09, UlIl,

U175
pelmatozoan, U154
Pe.ltaris, U379
Peltaster, U63
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Peltastes, U379
Peltosalenia, U379
Penangaste,', U43
Penesticta, U503
Pentaceraster, U63
Pentaceropsis, U64
Pentaceros, U63
Pentacerotidae, U63
Pentadactyla, U642
Pentagonaster, U58
pentameral, U154
pentamerous, U154
pentamerous symmetry, U138
Pentaster, U63
Pentasteria, U46
Pentasterias, U46
Pentasteries, U46
Peranaster, U76
perforate, U238
perforate tubercle, U255
perforation, U315
Pergamaster, U58
perianal coelom, U215
Periarchus, U477
Periaster, U576
Peribolaster, U68
Peribolaster, U68
Peribrissus, U576
Pericosmidae, U297, U548, U550,

U568
Pericosmus, U568
Peridontaster, U55
perignathic girdle, U243, U255
perihemal system, U218
Perinatlls, U433
PerioxlIs, U527
Peripatagus, U624
peripetalous, U545
peripetalous fasciole, U242,

U255
peripharyngeal coelom, U215
peripharyngeal crown, U650
peripheral ring, U140, U145
periplastronal, U236
Peripneustes, U594
peripodium, U255
periproct, U149, U154, U182,

U201, U255, U266, U457,
U494, U524

periproctal coelom, U215
periproctal system, U242
Perisalenia, U376
PERISCHECHINIDES, U273
Perischocidaris, U301
Perischodomus, U308
PERISCHOECHINIDA, U271,

U283, U297
PERISCHOECHINIDAE, U272
PER1SCHOECHINOlDEA,

U273, U274, U278, U281,
U283, U295, U297, U312,
U340

Perispatanglls, U586
Perissasterias, U76
Perissogonaster, U59
peristome, U147, U154, U182,

U255, U266, U342, 0369,
U451, U524

peristomial system, U243, U255

Index

perivisceral coelom, U215
Perknaster, U69
Permocidaris, U317
Peroneila, U473
Peronellites, U475
Peronia, U400
Peroniaster, U558
perradial, U229, U255
perradial suture, U255
perradius, U154
PERRIER, U36, U37
Persephonaster, U47
petal, U255, U451, U493
Petalaster, U43, U519
Petalastrum, U57
Petalobrissus, U512
Petalocidaris, U325
petaloid, U234
PETALOSTICHA, 0272, U274
Petraster, U32, U43
Petrasteridae, U32, U37, U43
Petricia, U70
Petropegia, U659, U664
Phalacrechinus, U401
Phalacrocidaris, U325
Phalacropedina, U360
Phaleropygus, U520
Phaneraster, U57
phanerozonate, U30
PHANEROZONIA, U36
Pharaonaster, U601
Pharia, U64
Phataria, U64
Phe!sumaster, U482
Phelsumia, U482
Phidiaster, U47
PHILIP, U279, U291, U628
Phillipsaster, un
Philonaster, U57
Phocidaster, U59
Pholidaster, U75
Pholidechinus, U308
Pholidocidaris, U308
Phormosoma, U343, U348
Phormosomatinae, U295, U348
Phoxaster, U46
Phragmactidae, U81
Phragmactinidae, U38, U81
Phragmactis, U81
Phrissocystis, U616
Phrissopleurus, U412
PHRYNOPHIURlDA, U28,

U35, U37, U38, U89, U127
PHRYNOPHIUROIDEA, U37
Phyale, U537
Phyalopsis, U537
Phyllacanthus, U330, U331
Phyllobrissus, U495, U505
Phylloclypeus, U515
phyllode, U234, U255, U493
Phyllophoridae, U644, U645
Phyllophorinae, U644
phylogeny, U31, U266, U301,

U459, U494, U641
Phymapatagus, U608
Phymatosoma, U395
Phymechinus, U405
Phymopedina, U362

U689

Phymosoma, U288, U289, U395
phymosomatid, U231
Phymosomatidae, U296, U370,

0371, U373, 0395
PHYMOSOMATOlDA,0281,

U287, 0288, 0296, U370,
0371, U372, U374, U394

Phymosomiens, les, U395
PHYMOSOMINA, U288, U394
Phymotaxis, U405
Physaster, U542
PILEATOIDA, U274, U365
Pilematechinus, U537
Pileus, U342, U365
Piliscus, U411
pillar, U255, U653
Pironaster, U447
Pisaster, U76
Pisolampas, U629, U630
Pithodia, U444
Placodiadema, U389
Placophiothrix, U102
Placothuria, Ul13, U642
Placothuriidae, U642, U643,

U645
Plagiechinus, U433
Plagiobrissus, U602
Plagiochasma, U505
PLAGIOCYSTA, U274
Plagionotus, U602
Plagiopatagus, U609
Plagiopneustes, U591
Plagiopygus, U515
Plagiostomus, U602
Planilampas, U508
plastron, U236, U255
Platanaster, U13, U32, U42
Platanaste"idae, U42
Platanchoriformidae, U664,

U665, U670
Platasterias, U5, U14, U24, U32,

U41
P!atasteriidae, U37, U41
plate, U201, U255, U450, U653
plate systems, U222
platform, U198, U201, U238,

U315
Platipygus, U523
Platyarthra, U103
PLATYASTERlDA, U32, U34,

U37, U42
Platybrissus, U624
Platybryssus, U624
Platyclvpeina, U463
Platypleura, U463
Platyspatus, U608
Plazaster, U77
Plectaster, U70
Plegiocidaris, U337
Pleiocyphus, U413
Plenardoa, U64
Pleraster, U633
Plesianthus, U463
Plesiaster, U603
Plesiastropecten, U46
plesiechinoid, U234
Plesiechinus, U287, U365
Plesiocidaris, U384
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PLESIOCIDAROIDA, 0273,
U274, U281, U286, U287,
U290, U370, U436

Plesiocorys, U533
Plesiodiadema, U259, U342,

0343, 0352
Plesiodiadema, U389
Plesiolampas, U508
Plesiolampas, U517
Plesiopatagus, U603
Plesiopeltis, U408
Plesiosalenia, U375
PlesiospatangtlS, U603
Plesiozonus, U624
Pie thotaenia, U592
Pleurechinus, U440
Pleurechinus, U425
Pleurocidaris, U440
Pleurocidaris, U330
PLEUROCYSTl, U270
Pleurodiadema, U401
Pleuropygus, U515
Pleurosalenia, U378
Plexechinus, U537
Plinthaster, U58
Pliocyphosoma, U395
Pliolampadidae, U296, U497,

U517
Pliolampas, U517
Pliophyma, U463
Pliotoxaster, U551
PIistophyma, U408
Plococidaris, U330
Plumaster, U68
pluriserial, U213, U315
pluteus, U31, U251
Plutonaster, U47
Plutonasteridae, U45
Podasterias, U76
podial opening, U30
podial pore, U30, UI54
podium, UIl, U30, U154
Podocidaris, U413
Podophora, U259, U435
Podosphaeraster, U55
pointing, UI2
Politolampas, U508
Polyaster, U67, U475
Polyasterias, U76
Polycidaris, U323
Polycyphus, U406
Polydesmaster, U555
Polvdiadema, U353, U389
Polyechinus, U433
Polygoniopygtls, U412
Polypedina, U389
POLYPLACIDtS,0273
Polyplodia, U387
polyporous, U255
Polysalenia, U375
Polytaxicidaris, U320
POMEL, U270, U273, U548
Pomelia, U512
Pomelopsis, U512
Pontaster, U48
Pontasterinae, U48
Pontioceramus, U58
Porania, U15, U24, U69
Poraniella, U70

Poraniidae, U38, U69
Poraniomorpha, U70
Poraniopsis, U70
Poraniopsis, U70
Poranisca, U70
Poraster, U64
Porcellanaster, U48
Porcellanasteridae, U32, U38,

U47
Porechinus, U309
pore pair, U230, U256, U315
poriferous area, U231, U315
Poriocidaris, U323
Porobrissus, U514
Porocidaris, U316, U330
Porocidaris, U323
Poropeltaris, U381
Poropeltis, U381
Porosoma, U402
Porpitella, U471
Pourtalesia, U213, U259, U537
Pourtalesiidae, U259, U297,

U523, U524, U537
pourtalesiids, U269
Pradesura, U19, U80
Pradesuridae, U35, U38, U80
Praescutella, U491
preanal plates, U255
Prenaster, U576
Priamaster, U46
Priamastb-idees, U45
Priamasterinae, U45
primary ambulacral plate, U230
primary circlets, U22, U30
primary plate, U256
primary spine, U247, U256,

0315, U546
primary tubercle, U238, U256,

U316, U524
primordial plates, U230, U256
Printechinus, U425
Prionaster, U47
Prionechinus, U425
Prionocidaris, U330
Priscopedatidae, U645, U660,

U661, U666
Priscopedatus, U660, U661, U666
Prisculatrites, U660, U666
PROCASSIDULOIDA, U274
ProcassidtlltlS, U515
Procidaris, U323
Procidaris, U330
Procollyropsis, U527
Proctlcumaria. U662
Prodiadema, U382
Proechinus, U633
Proescutella, U491
Prognaster, U75
Progonechinus, U417
Progoniaster, U63
Progonolampas, U507
Prohalaster, U527
PROMELONARIA, U273
Prometalia, U597
Promopalaeaster, U34, U53
Promopalaeasteraceae, U34, U38,

U53
Promopalaeasteridae, U38, U53
Pronechinus, U301

Propedina, U357
Propedinidae, U357
Proraster, U578
Prosechintls, U301
Prosostoma, U624
Prospatangidae, U605
Prospatangus, U605
Prostichopus, U662
Prosynapta, U665
Protactininae, U45
Protactis, U45
protamphisternous, U256, U548
Protarthraster, U74
Protarthrasterinae, U38, U74
Protaster, U87
Protasteracanthion, U71
Protasteridae, U38, U87
Protasterina, U87
Protechinus, U404
Protenaster, U576
Proterocidaris, U263, U267,

0302
Protheelia, U659, U668
Protholothuria, U653, U654
Protobrissus, U586
Protocaudina, U656, U658, U659,

U661, U668
Protocaudinidae, U645, U656,

U658, U659, U660, U661,
U668, U669

ProtocentrottlS, U433
Protocidaris, U440
Protocidaris, U308
protocrinid, U277
Protocyamus, U444
Protoechinus, U308
Protolampas, U450
Protopalaeaster, U50
Protopalaeasteridae, U50
Protoreaster, U64
Protoscutella, U477
Protoscutellidae, U290, U477
PROTOSTERNATA, 0277,

U281, U291
protosternous, U237, U256, U524
Prototiara, U400
protractors, U245
protrusible cone, UI8
PROTURINA, U7, U38, U78
proximal, U30
Prymnadetes, U557
Prymna.<ter, U569
Prymnechinus, U418
Prymnodesmia, U580
Psalidaster, U76
Psammechinus, U220, U258,

U265, U289, U433
Psammolampas, U507
Psephechinus, U406
Pseudabatus, U571
Pseudananchys, U533
Pseudanthenea, U64
Pseudarbacia, U406
Pseudarbacina, U426
Pseudarchaster, U59
Pseudarc!zaster, U59
Pseudarchasterinae, U38, U59
Pseudaspidura, UI03
Pseudasterostoma, U616, U624
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Pseudechinaster, U76
Pseudechinus, U425
Pseudholaster, U533
Pseudoastrodapsis, U482
Pseudoboletia, U428
Pseudobrissus, U578
Pseudocatopygus, U508
Pseudocaudina, U653, U655
Pseudocentrotus, U428
Pseudocidaris, U385
Pseudocodiopsis, U411
pseudocompound, U233, U256,

U451
pseudocompound plate, U233
Pseududesorella, U505
Pseudodiadema, U288, U289,

U386
Pseudodiadematidae, U288, U289,

U296, U369, 0371, U373,
0374, U386, 0394

Pseudodicoptella, U368, U425
Pseudodiscoides, U444
Pseudodontaster, U56
PSEUDOECHIN.1CE.1, U280
PSEUDOECHINOlDE.1,0281
Pseudoepiaster, U553
Pseudoffaster, U533
Pseudogoniodiscaster, U63
Pseudohaimea, U445
Pseudolinckia, U64
Pseudolovenia, U614
Pseudomaretia, U609
Pseudonepanthia, U69
Pseudonucleus, U505
Pseudopalasterina, U45
Pseudopatagus, U586
Pseudopechinus, U423
Pseudopedina, U363
Pseudophidiaster, U64
Pseudopileus, U444
Pseudoplopodia, U386
Pseudoporania, U70
Pseudopygaster, U631
Pseudopygaulus, U519
Pseudopygurus, U499
Pseudopyrina, U445
Pseudoreaster, U64
Pseudorthopsis, U363
Pseudosalenia, U376
Pseudosorella, U495, U505
pseudospire, U653
Pseudovulechinus, U516
Psilaster, U47
Psilasteropsis, U47
PsilecMnus, U427
Psilocidaris, U325
Psilosalenia, U358
Psilosoma, U400, U402, U403
Psolidae, U643, U644, U645
Psolidium, U644
Psolus, U134, U644
Psychocidaridae, U285, U295,

U313, U315, U338
Psychocidaris, U338
Psychropotidae, U645
Pteraster, U68
Pterasteridae, U23, U31, U36,

038, U68
Pterasterides, U68

Index

Ptilonaster, U81
Pycinaster, U59
Pycinasterinae, U59
Pycnaster, U59, U581
Pycnolampas, U625
Pycnopodia, U77
Pycnopodiinae, U38, U77
Pygaster, U229, U275, U287,

0365
pygasterid, U234
Pygasteridae, U295, U365
Pygasteroida, U239, U281, U286,

U287, U289, U295, U340,
U341, U344, 0365

Pygastrides, U508
Pygaulus, U505
Pygidiolampas, U512
Pygmaeocidaris, U413
Pygomalus, U291, U527
Pygomaulus, U291
Pygomma, U408
Pygopistes, U506
Pygopyrina, U445
Pygorhynchus, U497, U506
Pygorhytis, U527
Pygospatangus, U625
Pyguropsis, U500
Pygurostoma, U513
Pygurus, U499
pyramid, U256
Pyrenaster, U58
Pyrenodia, U631
Pyrgocystis, U126, U139, U140,

U141, Ul53, U155, U156,
U158, U165

Pyrina, U445
pyrinid, U234
Pyrinodia, U631
Pythonaster, U68
Pythonaster, U68
Pythonasteridae, U38, U68
Pythonasterinae, U38, U68

Quadraster, U76
Quinaster, U43
quinqueradiate, U154
Quironia, U99

Rachiosoma, U402
racquet, U653
radial, U30, U155, U256
radial compass muscles, U245
radial shields, U20, U30
Radiaster, U65
Radiasteridae, U38, U64
Radiatae, U35
radiating layer, U247
radii, U227
Radiobrissus, U603
Radiocyphus, U417
radioles, U230, U247, U256
Radiolus, U440
Radiorotula, U491
radius, U155
Rafinesquina, U142, U158
Randasia, U63
Raphidechinus, U433
Rathbunaster, U77
RAUP, U225

U691

Ravenelia, U517
Ravenellia, U485
Ravniaster, U57
ray, U30, U155
RAYMOND, U145, U189, U191,

UI92, U196
Recrosalenia, U376
Recurvaster, U57
reduced plate, U230, U256
REGNELL, U125, Ul55, U175,

U178, U183, U190, Ul92,
U194, Ul95, U198, 0201,
U205

regular, U256
regular echinoids, U213
REGUL.1RES, U272
REGUL.1RI.1, U270, U271,

U274, 0275, U340
REGUL.1RI.1 ECTO

BRANCHIATA, U274
REGULARI.1 ENDO-

BRANCHI.1TA, U274
REGULlERS, U274, U277
REMANE, U137
Remaster, U68
Remondella, U482
reproduction, U31, U268
reproductive system, U219
RESO & WEGNER, U658
,oespiratory pore, U30
respiratory tube feet, U268
Ressopygus, U499
Retaster, U68
retractors, U245
Rhabdechinus, U440
Rhabdobrissus, U603
Rhabdobryssus, U603
Rhabdocidarinae, U124, U295,

U328
Rhabdocidaris, U328
Rhabdopleurus, U415
Rhabdorotiformidae, U662, U668
Rhabdotites, U659, U660, U662
Rhaphidoclypus, U462
Rhaphydoclypus, U463
Rhegaster, U69
Rhenaster, U53
Rhenechinus, U299, U303
Rhenopyrgus, UI66
Rhenosquama, U175, U176,

U182, U187
Rhenosquamidae, U187
Rhinobrissus, U604
Rhinobryssus, U604
Rhipidaster, U67
Rhipidocystis, U175
Rhodostoma, U87
Rhoechinus, U307
Rhombifera, U137
Rhopalocidaris, U325
Rhopalocoma, U81
Rhopalocomidae, U38, U81
Rhopalodina, U649
Rhopalodinidae, U643, U645
Rhopia, U70
Rhopiella, U70
Rhopostoma, U450
Rhynchocidaris, U324
Rhyncholampas, U514
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Rhynchopygus, U515
Rhynobrissus, U604
Rhyssobrissus, U592
RICHTER, U175
Rigaudites, U658, U661, U670
rim, U653
ring canal, U30
ring nerve, U23
RWULT, U647, U658
Ripaster, U47
Rispolia, U533
rod, U653
Rodocystis, U539
Roemeraster, U71
Roeme,-asterinae, U71
Rojasaster, U463
Rojasia, U604
Rosaster, U63
rosette, U217
Rostrogalems, U450
Rostropygus, U508
rostrum, U256
Rota, U659, U669
Rotapedina, U352
Rotiformidae, U668
Rotula, U290, U491
rotula, U245, U256
rotula-muscles, U245
Rotulechinus, U431
Rotulidae, U296, U491
ROTULINA, U281, U290, U296,

U456, U491
Rotulina, U271
Rotulinae, U491
Rotuloidea, U491
Rottmdaster, U569
Rovasendia, U627
Rumanaster, U78
Rumphia, U475
Runa, U491

sagittal plane, UI55
Salenia, U288, U377
Salenidia, U378
Salenies, des, U271, U377
Saleniidae, U242, U296, U369,

U371, U373, U374, U377
SALENlINA, U274
Saleniinae, U296, U377
SALENINA, U288, U375
SALENIOIDA, U287, U288,

U296, 0368, U369, U370,
U371, U372, U373, 0374,
U375

Salenocidaris, U378
Saliasterias, U76
Salmaciella, U425
Salmacis, U425
Salmacopsis, U423
SALTER, U189, Ul95
SALTER & BILLINGS, UI89
Salteraster, U26, U71
Samlandaster, U490
Sanchezaster, U537
Sanchezella, U475
Sandiegoaster, U582
San/ilippaster, U578
Santeelampas, U520
Sardocidaris, U339

Sarkaster, U67
Sarsella, U613
Sarsiaster, U565
Saumpliittchen, U145, UI55
Savagella, U197, Ul98, U205,

U207
Savignya, U350
Saviniaster, U576
Scagliaster, U533
Scaphaster, U71
Scaphechinus, U481
Scaptodiadema, U438
SCHAFFER, U451, U460
Schizaster, U220, U258, U548,

U569
Schizasteridae, U297, U548,

U550, U569
Schizasterinae, U569
Schizecltiniens, Les, U426
Schizechinus, U429
Schizobrissus, U594
Schizocidaris, U325
Schizoderma, U98
Schizopneustes, U578
Schizospondylus, UI03
Schizostella, U92
Schleinitzia, U330
Schlueteraster, U74
SCHLUMBERGER, U646
Schlumbergerites, U660, U667
Schlumbergeritidae, U660, U667
SCHMIDT, U650
Schoenaster, U86
Schoenasteridae, U83
SCHONDORF, U36
SCHUCHERT, UI75
Schuchertia, U13, U65
Schuchertiidae, U38, U65
Sclerasterias, U76
sclerite, U642, U647, U650
Sclerodactylidae, U645
Sclerodactytinae, U644
Sclerothurites, U661, U670
Scolechinus, U425
Scoliechinus, U429
Scotiaster, U69
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, U281, U290,

U296, U459, U471, U476
Scutellinoides, U468
Scutellum, U491
Scutolampas, U507
Scutulum, U490
Scutum, U462
SCYTACTINATA, U641
SCYTODERMATA, U641
secondary spines, U247, U256,

U316

secondary tubercles, U238, U256,
0316

SEILACHER, U641
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 shield, U30
Sideriaster, U47
Sidonaster, U48
sieve plate_ U256, U653
SIEVERTS-DoRECK, U190, U191,

U192, Ul93, Ul95, moo,
U201, U205

Sigsbeia, U99
Silax, Ul02
Silesiaster, U93
Siluraster, U18, U51
Silurasterinae, U38, U51
Silurocidaris, U268, U320
simple plate, U231
Sinaechinus, U576
Sinaecidaris, U327
SINCLAIR, U143, UI47
Siraster, U58
Sismondia, U475
skeletal elements, U650
skeletal morphology, U220
skeletal structures, U9
Skouraster, U566
SLADEN, U36
Sladenia, U64
Smilasterias, U76
SMITH, UI2
socket, U247, U653
Socomia, U69
soft parts, U23, UI55
solar, UI42
Solaster, U66
Solasteridae, U38, U66
SOLLAS & SOLLAS, UI75
Sollasina, Ul74, Ul75, UI77,

UI78, Ul79, U180, U182,
U183, UI85

Sollasinidae, UI85
Somaliaster, U541
Somaliasteridae, U297, U541
SOMASTEROIDEA, U32, U35,

U36, U37, 039, Uill
Spandelites, U661, U670
Spaniaster, U51
Spaniocyphus, U289, U436
Soatagobrissus, U605
Spatagocystis, U539
Spatagodesma, U571
Spatagoides, U528
SPATANGARIA, U274
Spatanp"idae, U271, U297, U548,

U550, U605
SPATANGINA, U271, U275
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Spatangites, U633
Spatangoida, U235, U237, U247,

U274, U275, U281, U291,
U292, U297, U545, U550

Spatangoidea, U271, U274, U292
Spatangoides, U272
spatangoids, U268, U543
Spatangomorpha, U605
Spatangonia, U274
Spatanfl;ues, U271
Spatangus, U213, U258, U260,

U261, U262, U292, U548,
U633

Spatangus, U633
Spatiformes, U273
Spatoclypus, U526
spear, U653
SPENCER, U5, U36, U37
Spenceraster, U62
Spenceraster, U61
Spenceria, U57
Sperosoma, U346
Sphaeraster, U34, U55
Sphaeraster, U70
Sphaerasteridae, U34, U38, U55
Sphaerechinus, U429
Sphaeriaster, U70
Sphaeriodiscus, U57
Sphaerites, U55
Sphaeronites, U203
Sphaeronitida, U202
Sphaeronitidae, U202
Sphaerotiaris, U386
Sphelatus, U506
spheridia, U247, U251, U256,

U343
spicule, U30, U251, U256
spike, U251
Spileccia, U412
spine pit, U30
spines, U23, U30, U247, U256,

U268, U301, U316, U372,
U457, U545

Spinohenricia, U70
Spinrum, U665
SPlNULOSA, U65
SPINULOSAE, U36, U37
SP1NULOSlDA, Ul7, U20, U32,

U34, U37, U38, U65
spire, U653
spoke, U653
Spoladaster, U70
spoon, U653
Sporadocyphus, U406
Sporasterias, U75
Sporotaxis, U403
Squamaster, U88
Stauranderaster, U55
Stauranderasteridae, U34, U38,

U55
Stauraster, U55
Staurocumites, U660, U666
Steganoblastus, U136
Stegaster, U533
Stegnaster, U69
Stegnobrisinga, U78
Stegophiura, U96
Stellae jissae, U35
Stellae integrae, U35

Index

Stellaria, U45
Stellaster, U58
Stellasteropsis, U64
Stellatae, U35
STELLERlDAE, U35
Stellerides, les, U35, U39
STELLEROlDEA, U31, U36,

U37, U39, Ul11, U175
Stellonia, U75
Stenaster, U20, U27, U82
Stenaster, U477
Stenasterias, U76
Stenasteridae, U38, U82
Stenechinus, U364
Stenocorys, U539
Stenonaster, U539
Stenonasteridae, U297, U523,

U524, U539
Stenonia, U539
STENOPALMARIA, U273
Stenopatagus, U565
Stenurida, U14, U17, U31, U35,

U37, U38, U78
Stephanaster, U58
Stephanasterias, U76
Stephanocidaris, U325, U330
Stephanopsis, U437
Stephanoura, U93
Stephomma, U437
Sterechinus, U433
Stereoaster, U103
Stereocidaridae, U325
Stereocidarinae, U124, U295,

0325
Stereocidaris, U325
stereom, U213, U256, U316
Stereopedina, U357
Stereopneustes, U524, U533
Stereopyga, U386
STEREOSOMATA, U274, U281
sternal plates, U256, U543
STERNATA, U274
Sternopatagus, U537
Sternotaxis, U533
sternum, U236, U256
Sthenocephalus, U92
Stichaster, U76
Sticlzasteridae, U75
StichastreIla, U76
Stichopites, U660, U662
Stichopitidae, U645, U659,

U660, U661, U662
Stichopodidae, U645
Stichorella, U75
Stigmatopygus, U513
Stirechinus, U433
stirodont, U246, U256
STlRODONTA, U275
stirrup, U653
stock, U653
Stolasterias, U75
Stolonoclypus, U462
Stomaporus, U605
Stomechiens, les, U403
Stomechinidae, U289, U296,

U370, U371, U373, U403
Stomechinus, U403
Stomopneustes, U288, U407
Stomopneustidae, U403

U693

stone canal, U9, U30, U155
Streptaster, U142, U147, U167
Streptocidaridae, U321
Streptocidarinae, U321
STREPTOPHlURAE, U37
STREPTOSOMATA, U274
streptospondyline, U30
Strictechinus, U403
Strictotiara, U390
stroma, U155, U213, U316
Stromatocystis, U160
Stromatocystites, U1l1, U133,

Ul38, U139, U140, U141,
U145, U147, Ul55, U157,
U160, U266

Stromatocystitidae, U144, U149,
U159, Ul60

stromatocystitids, U277
Strongylocentrotidae, U296, U367,

U370, U435
Strongylocentrotus, U258, U259,

U263, U265, U435
Studeria, U520
Stueria, U660, U661, U668
Stuertzaster, U20, U80
Stuertzura, U41
Stiirtzura, U41
Stylasterias, U76
Stylocidarina, U330
Stylocidaris, U337
STYLOPHORA, U11 0
Styphlaster, U63
Styracaster, U48
Styrechinus, U433
subambulacral, UI54
subanal fasciole, U242, U256
sublaterals, U17
submarginal plate, U201
submarginal ring, U191, U196,

U201
subpetaloid, U234, U256
substomial chamber, U155
subvective groove, U155
subvective system, U155
superambulacral, U30
superomarginal, U22, U30
supradorsal membrane, U31
supramarginal, U30
suranal plate, U242, U256
suture, U155, U256, U316
SWAN, U263
Sykesia, U412
Sympterura, U88
Synallactidae, U645
Synaptellidae, U670
Synaptellus, U670
Synaptidae, U645, U655, U657
synaptid-type, U653
Synaptites, U661, U662, U670
Synaptitidae, U645, U661, U662,

U670
SYNASTERlDES, U273
Synochitis, U533

table, U653
Taeniactinidae, U38, U65
Taeniactis, U65
Taeniaster, U87
Taeniaster, U553
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Taeniasteridae, U87
Taeniura, U88
Tamaria, U64
Taphraster, U533
Taphropygus. U501
Tarachaster, U69
Tarphypygus, U471
Tarsaster, U76
Tarsastrocles, U76
Taxophyma, U428
teeth, U245
Tegulaster, U69
Teichaster, U63
Temnaster, U68, U591
Temnechinus, U425
Temnholectypus, U444
Temnocidaris, U328
Temnodiscus, U444
Temnopleuridae, U296, U370,

0372, U373, U418
TEMNOPLEUR1NA, 0289, U414
TEMNOPLEUROlDA, 0239,

0281, U287, U288, 0367,
U368, U370, 0372, U373,
U414

Temnopleurus, U289, U418
Temnotrema, U425
tentacle, U30, U642
tentacle pore, U30
Tenuirachnius, U482
Terina, U403
TERMIER & TERMIER, U275, U277
Termieria, U522
terminal, U23, U30
terminal ossicle, U23
terminal tentacle, U256
terminology, U652
Tesselaster, U58
TesselUs, U272, U273
test, U132, U175, U213, U256,

U315, U368, U450
Tethyaster, U47
tetrabasal, U228, U256
Tetracidaris, U315, U339
Tetragoniopygus, U412
Tetragramma, U390
TETRAPLAClDES, U273
Tetrapygus, U413
tetraradiate rod, U653
Tetraster, U82
Tetravirga, U659, U663
T etrodiscus, U489
Thagastea, U471
Thallatocanthus, U659, U668
Thebaster, U601
theca, U137, U155, U175, U201,

0300
thecal plate, U155, U300
thecal pore, U155
thecal skeleton, U 139'
Thecaporinus, U527
Thecocystidae, U161
Thecocystis, U165
THECOlDEA, U136
THEEL, U644, U646
Theelia, U659, U660, U661,

U668
Tlzeelia, U668

Theeliidae, U645, U659, U660,
U661, U668, U669

Thegaster, U471
Theodoria, U96
Tlzesaporhinus, U527
Thierychinus, U407
Tlzigopygus, U501
third aperture, U150, U155
Tholaster, U55, U533
Tholeopelta, U463
Tholocystis, U202, U203
Thomasaster, U513
Thomasia, USB
Thoracaster, U48
Thresherodiscus, U138, U140,

U142, Ul50, U156, Ul69
Tlzriclzodiadema, U350
Thrichoproctus, U609
Thrissacanthias, U47
Thuroholia, U642, U658, U664
Tlzumholia, U664
Thylechinus, U402
Tlzylosalenia, U375
Thyonidiinae, U644
Thyoninae, U644
Thyraster, U70
THYROlDEA, U136
Tiarechinidae, U286, U288, U296,

U367, U369, U371, U373,
U437

Tiarechinopsis, U407
Tiarechinus, U286, U287, U437
Tiaridia, U341, U353
Tim'is, U386
Tiaromma, U391
Tiarotropus, U406
Timeischytes, Ul39, U140, Ul47,

U149, Ul52, Ul67
Tingitanaster, U633
Titanaster, U533
Tithonia, U528
Togocyamus, U472
Tomidaster, U59
Tonia, U76
tooth, U256
tooth papilla, U30
Toporkovia, U98
Toraster, U58
Toreumatica, U418
Tornquistellus, U309
torus, U30
Tosia, U58
Tosiaster, U58
Tournoueraster, U491
Toxaster, U277, U292, U545,

U551
Toxasteridae, U297, U545,

U548, U551
TOXASTERINA, U297, U548,

U550, U551
Toxobrissus, U584
Toxocidaris, U435
Toxopatagus, U533
Toxophyma, U429
Toxopneustes, U427
Toxopneustidae, U296, U369,

U370, U373, U426, U550
trabeculae, U316, U653
Trachyaster, U559

Traclzyaster, U62
Trachypatagus, U605
Transspondylus, UI03
Tremaster, U69
Tremasteridae, U34
Tremasterinae, U38, U69
Tremataster, U89
TREMATOPHlUR1NA, U37
Trematopygus, U505
Trentonaster, U65
Treteclzinus, U308
Tretocidaris, U338
TretodiscltS, U489
triad, U231
Triadechinus, U407
Triadocidaris, U321
Triboletia, U46
Tribraclzidium, U138
Trichaelina, U633
Trichaster, U92, U127
Trichaster, U45
Trichastel'idae, U92
Trichasteropsis, U22, U32, U45
Trichodiadema, U633
Trichotaster, UlO3
tridentate, U256
tridentate pedicellariae, U249
Tridontaster, U56
trigeminate, U256
Trigonocidaris, U425
Trimeraster, U53
trimerous, U155
triphyllous, U256
triphyllous pedicellariae, U251
Triplacidia, U425
Triplasterias, U76
Tl'iplechinidae, U431
Tripneustes, U429
Tripylaster, U569
Tripylus, U578
Trisalenia, U379
Tristomantlzus, U520
Tritonaster, U47
trivium, U30, U229, U256
Troclzalia, U505
Trochalosoma, U408
Trocllitaster, UlO3
TROCHOCYSTITIDA, UI57
Trochodiadema, U393
Trochoechinus, U289, U436
Trochotiara, U391
Tromikosoma, U346
Trophodiscus, U47
Tropholampas, U629, U630
Tropidaster, U68
Tropidasteridae, U34, U38, U67
Trosclzelia, U591
Trumechinus, U423
tube foot, U7, Ull, U30, U155,

Ul80, U217, U230, U256,
U266, U546

Tuberaster, U609
tubercles, U230, U256, U315,

0371
tuberculation, U494
TlIberculina, U412
TUMULOSINA, 038, U54
Turanglaster, U543
turret, U653
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turriform, U653
Turrijormidae, U666
Twitchellia, U481
Tylaster, U70
Tylaster, U63
Tylasteria, U63
Tylocidaris, U339
Typhlechinus, U309
Typocidaris, U325

URAGHS, UI09, U126, U175
Ulrichaster, U74
Ulrichidiscus, U139, U142, Uln
ultimate superomarginals of

inferomarginals, U22
ultramphisternous, U256, U548
Uncinulina, U659, U660, U663
Undina, U64
Unifascia, U605
Unijasciidae, U582
Uniophora, U76
Unioplus, UI02
uniserial, U231, U256
upper plate, U201
URACTININA, U34, U38, un
Uranaster, U43
Uranasteridae, U43
Uraster, U75
Urasterella, un
Urasterellidae, U38, un
Urasterias, U76
URASTERINA, U7!
Urechinidae, U297, U523, U524,

U535
URECHlNINA, U277
Urechinus, U536
Urosoma, U87

Valettaster, U55
Vallettaster, U528
Valsalenia, U379

Index

Valvaster, U70
Valvasteridae, U38, U70
valvasterides, U70
Valvasterinae, U70
VALVATA OU GRANULOSA,

U48
VALVATAE, U36, U37
VALVATIDA, U17, U20, U23,

U32, U33, 037, 038, U48
valvular, U155
Vaneyellidae, U643, U645
Vaquerosella, U482
Vasconaster, U613
VELATA, U65
ventral, U30, U155, U201
ventral disk, U201
ventral membrane, U201
ventral shield, U30
ventrolateral, U30
Verbeckia, U614
Verbeekia, U614
Vernius, U440
vertebrae, U16, U30
verticillate, U247
Victoriaster, U569
VIGUIER, U36, U37
Villebrunaster, U9, U13, U41
Villebrunasteriidae, U37, U39
virgals, U14, U30, U39
Volchovia, Ul26, Ul75, U178,

U179, U182, Ul83, U186
Volchoviidae, U186
Vologesia, U516
Vomeraster, U565

WAGNER, U451
WALCOTT, U641
Walcottidiscus, U139, U161
Washitaster, U566
water vascular system, U30,

U216, U268

U695

water vessel, U266
Weisbordella, U475
wheel, U653
whirler, U155
WILLIAMS, U155
WRIGHT, U272
Wrightella, U312
Wrighthia, U312
Wythella, U475

Xanthobrissus, U597
Xenaster, U18, U52
Xenasteridae, U38, U52
Xenechinus, U312
Xenocidaris, U321
Xenocystites, U161
Xenorias, U67
Xenura, UI03
Xysteria, U312

Yarravaster, U53
Ypsilothuria, Ul13
Ypsilothuriidae, U643, U645

Zanolettia, U463
Zanolettiaster, U586
Zenocentrotus, U435
Zeugaster, U584
Zeuglopleurus, U426
ZEUGOPHlURINA, U38, U87
ZEUGOPHlUROlDEA, U87
ZITTEL, U35, U36, U272, U284,

U289
Zoroaster, U74
Zoroasteridae, U38, U74
ZufIardia, U522
ZumofIenia, U535
Zygophiurae, U37
zygophiuroid, U30
zygopore, U256
zygospondyline, U30
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