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ABSTRACT

Mooi, Rich. Living and Fossil Genera of the Clypeasteroida (Echinoidea: Echinodermata):
An Illustrated Key and Annotated Checklist. Smithsonian Contributions to Zoology, number
488, 51 pages, 34 figures, 1989.—The illustrated key allows identification of 26 living and 49
fossil clypeasteroid genera, plus the tiny fossil, Togocyamus. It incorporates internal and
external characteristics of the test, Aristotle’s lantern, spines, pedicellariae, and podia. Figures
depict features used in the key, and provide an illustrated glossary of clypeasteroid terminology.
A checKlist groups the genera into three suborders (the Clypeasterina, Laganina, and Scutellina)
and summarizes, for each genus, information on authorities, type species, number of included
species, distribution, and stratigraphic occurrence.
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Living and Fossil Genera
of the Clypeasteroida (Echinoidea:
Echinodermata): An Illustrated Key
and Annotated Checklist

Rich Mooi

Introduction

The order Clypeasteroida A. Agassiz, 1872 is composed of
some 150 living and 750 fossil species of irregular echinoids
commonly known as the sand dollars, keyhole urchins, and sea
biscuits. There have been no comprehensive keys to the genera
of this order since Mortensen’s (1948) great monograph. Since
the publication of that work, several workers (for example,
Nisiyama, 1963; Philip and Foster, 1971; and especially
Durham, 1954, 1955; and Durham et al., 1966) have described
new genera and redescribed some of the lesser known fossil
taxa covered by Mortensen. Therefore, there is need for a
revised key that draws upon this new information, and allows
identification of specimens without resorting to the out-dated
generic keys scattered throughout Mortensen’s large mono-
graph. The new checklist provides brief notes on authorities,
type species, number of species, geographic range, stratigra-
phic occurrence, and selected representative figures gleaned
from the literature and personal observations. The key and
checklist represent an uncritical tabulation of the known
clypeasteroid genera, and are merely intended to allow
identification, and to summarize current knowledge of these
genera. Although the key is, of course, artificial, it relies on
many characters used in studies like that of Mooi (1987; in
press), which provide phylogenetic classifications above the
subordinal level as well as generic and familial revisions of
each suborder.

The specimens used in the formulation of this key (and the
pending phylogenetic analyses) were provided in part by the
following institutions: National Museum of Natural History,
Smithsonian Institution (NMNH), Washington, D.C., which

Rich Mooi, Department of Invertebrate Zoology, National Museum
of Natural History, Smithsonian Institution, Washington, D.C. 20560.

houses the collections of the former United States National
Museum (USNM); the British Museum (Natural History)
(BMNH), London; the Museum of Comparative Zoology
(MCZ), Cambridge, Massachusetts; the American Museum of
Natural History (AMNH), New York; the Muséum National
d’Histoire Naturelie (MNHN), Paris; the Western Australia
Museum (WAM), Perth; the Royal Ontario Museum (ROM),
Toronto; and the Florida Department of Natural Resources
(FDNR), St. Petersburg. Additional specimens were examined
from the collections in the laboratory of Malcolm Telford,
University of Toronto (UT).

CONVENTIONS USED IN THE KEY.—The new key relies on
characteristics of both the test (apical system, peristome and
periproct position, gonopores, hydropores, internal buttresses,
Aristotle’s lantern, lantern supports, and plate patterns) and
external structures (pedicellariae, spines, podia) to provide as
complete characterizations of adult morphology of both fossil
and living genera as possible. Ambulacra and interambulacra
are numbered according to Lovén’s system (See Illustrated
Glossary, Figure 31). Fossil genera in the key are marked with
a dagger (1). A brief comment on the range (“terra typica™)
of both living and fossil genera is provided to aid in identifying
specimens for which collection data are available.

Unfortunately, it was necessary to resort to characteristics
of internal structure in some cases in order to make the couplets
unambiguous., With the increasing use of radiography in
taxonomic work, it is hoped that dissection of specimens will
not always be necessary to reveal useful characters in these
couplets. As many opposing characters as possible are used in
each couplet to maximize the possibility for accurate
identification of incomplete specimens and poorly preserved
fossil material. Because fossil material seldom displays the
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podial, pedicellarial and spine features sometimes given in the
couplets, an attempt has been made to provide alternatives to
these types of characters whenever fossils are involved.

The terminology associated with echinoid morphology can
be complex. To aid the reader in the interpretation of these
terms, an IlNustrated Glossary is provided at the end of the
paper. This type of glossary is provided instead of a written
glossary because (1) an image is more useful to someone trying
to interpret the key, (2) images tend to remain in the mind of
the reader, and (3) verbal descriptions can often become
jargon-laden themselves, leading the reader on a potentially
circular chase for definitions. The first time a term occurs in
the key, it is accompanied by a reference to the figure(s) in the
Illustrated Glossary (denoted in the text by “1.G.” and a figure
number) that explicates that term. If the reader prefers, a written
glossary can be found in Durham et al. (1966:U253-U256)
and Davies (1971:161-165), and a general guide to echinoid
morphology can be found in Smith (1984:1-6).

NOTE ON TAXA AND CLASSIFICATION USED IN THE KEY
AND CHECKLIST.—The present key incorporates a total of 75
clypeasteroid genera (26 living, 49 fossil), plus Togocyamus,
which has here been tentatively recognized as lying outside the
order Clypeasteroida. Togocyamus occupies this special
position partly because of a lack of certain features generally
felt to be diagnostic of the Clypeasteroida, most notably the
greater width of ambulacra relative to interambulacra, the
distribution of accessory podia in fields, and the enclosure of
the sphaeridia within the test (Kier, 1982; Mooi, in press). Eight
fossil genera (Fibulina, Peronellites, Tetradiella, Scutulum,
Samlandaster, Proescutella, Kieria, and Mennerella), and one
living genus (Marginoproctus) are omitted from the key (but
included in the checklist) because their characteristics are too
poorly known to allow placement. Stephenson (1968:136)
synonymized Fibulina Tornquist, 1904, with Fibularia La-
marck, 1816 and Peronellites Hayasaka and Morishita, 1947
has recently been synonymized with Peronella Gray, 1855 by
Wang (1982b:143). Runa L. Agassiz, 1841 and Tournoueraster
Lambert, 1914 are not considered in either key or checklist,
as they are probably internal casts of previously described
forms (Durham, 1955:187). The living genus Taiwanaster
Wang, 1984 is, as far as can be determined, identical with
Sinaechinocyamus Liao, 1979, and is listed with Sinaechinoc-
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yamus in the key. Because type material from these genera has
not yet been examined in order to make a decision regarding
synonymy, these two genera are listed separately in the
checklist.

Three of the four suborders recognized by Durham et al.
(1966) are employed as major subsections of the key: the
Clypeasterina, Laganina, and Scutellina. For the purposes of
the key, the suborder Rotulina has been incorporated into the
Laganina, as many rotuline characters are shared with the
Laganina. One other modification has been introduced to the
basic scheme of Durham et al. (1966). Four of the fossil genera
(Scutellina L. Agassiz, 1841; Porpitella Pomel, 1883; Lenita
Desor, 1847; Eoscutum Lambert, 1914) that have long been
considered members of the family of tiny laganines, the
Fibulariidae, have little in common with this family, apart from
small size. This is reflected by their position in the key, as they
do not even fall within the suborder Laganina. They have here
been referred to the suborder Scutellina, in both the key and
the annotated checklist. Apart from this relatively minor
provisional change, no attempt has been made to formally
revise clypeasteroid classification, or group genera into
families.
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formative years of a project that laid the groundwork for this
key—truly a man in an iconoclass of his own. David Pawson
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western American clypeasteroids. I am also grateful to the
following for hospitality extended during pillaging raids:
Frederick Collier and Jann Thompson (Paleobiology, NMNH);
Ailsa Clark, Gordon Paterson, Andrew Smith, David Lewis,
and Richard Jefferies (BMNH); Robert Woollacott and R.C.
Eng (MCZ); Catherine Vadon, Jean Roman, and Y. Gayrard
(MNHN); Loisette Marsh and Kenneth McNamara (WAM);
Harold Feinberg (AMNH); Janet Waddington (ROM); Sandra
Farrington and David Camp (FDNR). Personal support was
provided by a Natural Sciences and Engineering Research
Council of Canada Post-doctoral Fellowship held while I was
a Post-doctoral Fellow at the NMNH.
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An Illustrated Key to the Living and Fossil
Genera of the Clypeasteroida

(t = fossil taxa)

1. Ambulacra [I.G., Figure 31] narrower than interambulacra [L.G., Figure 31] at ambitus [1.G., Figure 31]; single “open” (not
enclosed within test) sphaeridium [Figure 1a; 1.G., Figure 325} in each ambulacrum near peristome [1.G., Figure 31];
non-respiratory podia in lines [Figure 14] along adradial sutures [I.G.,Figure 31]. . . . ......... Togocyamust

(West Africa)

Ambulacra as wide as or wider than interambulacra at ambitus; one or two sphaeridia [Figure 1b,c] enclosed within test in
sphaeridial chamber [I.G., Figure 32b] in each ambulacrum near peristome; many non-respiratory podia per plate,
distributed in patches, or fields [Figure 1b,c], not in radiating lines (Order Clypeasteroida). . . . . . . . .. ..... 2

ey .
._ L] '. .

FIGURE 1.—Sphaeridia and podial distribution in ambulacrum III: a, Togocyamus seefriedi Oppenheim, USNM,
no number (plate pattern not known); b, Monostychia australis Laube, USNM 96251; ¢, Fibularia ovulum
Lamarck, UT, Enewetak. (Buccal and accessory podial pores indicated by solid dots; “open™ sphacridia indicated
by solid circle, sphacridia enclosed within test by dotted circle; plate pattern shown for ambulacrum III only,
pattern unknown in a; peristome cross-hatched; scale bars: a and ¢ = 1 mm; b =5 mm.)
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Order CLYPEASTEROIDA A. Agassiz, 1872

2. Two enclosed sphaeridia in each ambulacrum near peristome [Figure 1b]; Aristotle’s lantern [1.G., Figure 34a] with small
internal wings [Figure 2a; 1.G., Figure 344]; supra-alveolar processes [I.G., Figure 344] form ring at highest part of lantern
[Figure 2a]; lantern supports [L.G., Figure 34b] paired as auricles [Figure 3a; 1.G., Figure 34b], one on each ambulacral
basicoronal plate [Figure 3a; 1.G., Figure 31] (Suborder Clypeasterina) . . . . . . . .. v v v v v v i v v v v v v v un 3

Single enclosed sphaeridium in each ambulacrum near peristome [Figure 1¢]; Aristotle’s lantern with well developed internal
wings [Figure 2b-d]; supra-alveolar processes do not form ring at highest part of lantern [Figure 2b-d]; lantern supports
single, one on each interambulacral basicoronal plate [Figure 35]

FIGURE 2.—Top (aboral) view of Aristotle’s lantern in clyp ids: a, Arachnoides pl (Linné), WAM
271.77; b, Laganum laganum (Leske), WAM 2082.25; ¢, Encope emarginata (Leske), UT, Belize; d,
Echinodiscus bisperforatus (Leske), UT, New Guinea. (Anterior towards top of page; scale bars = 5 mm;

abbreviations: ew = external wing; iw = internal wing; sa = supra-alveolar process; sd = subdental process.)
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FIGURE 3.—Intemnal view of lantern supports and basicoronal plate patterns in clypeasteroids: a, Fellaster

landiae (Gray), adapted from Kier (1970, pl. 23); b, Echinarachnius parma (Lamarck), adapted from Kier
(1970, pl. 23). (Peristome in solid black, interambulacra stippled, lantern supports in heavy outline; anterior
towards top of page; scale bars = 10 mm.)

Suborder CLYPEASTERINA A. Agassiz, 1872

3. Periproct [1.G., Figure 31] submarginal or distinctly on oral surface [1.G., Figure 31], never on aboral surface [1.G., Figure
. 4
Periproct supramarginal or distinctly on aboral surface, neveronoralsurface . . . .. ... ... ... ........% .6

4. Food grooves [L.G., Figures 32b, 33b] not reaching the ambitus [Figure 4a], not continuing onto aboral surface towards
apical system [L.G., Figure 324]; no “combed” rows of spines and podia in ambulacra adjacent to food grooves;

five gonopores [I.G., Figure 324; note that this figure is generalized, and actually shows only four gonopores]
........................................................... Clypeaster
(Circumtropical)

Food grooves continuing from peristome around ambitus onto aboral surface towards apical system (similar to situation
shown in Figure 4b,c); “combed” rows of spines and podia in ambulacra adjacent to food grooves [Figure 1b]; four
BONOPOTES & ¢ w 5 s 8 5 5% 5 5 5 8 % %5 8 ¢ % 3 & $15% B8 @ § 8 50 & © § & 88 §6 v/e § § 88 58w 8w w e e wow 5



SMITHSONTAN CONTRIBUTIONS TO ZOOLOGY
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FIGURE 4.—Food grooves of clypeasterines: ¢, Oral surface of Clypeaster subdepressus (Gray), UT, Florida
Keys; b, oral surface of Arachnoides placenta (Linn€), UT, New Guines; ¢, aboral surface of Arachnoides
placenta (Linné), UT, New Guinea. (Respiratory podial rows, peristomes, and periprocts in solid black; food
grooves and periproctal grooves stippled; anterior towards top of page; scale bars = 30 mm.)

S. At least seven plates in each paired interambulacrum [interambulacra 1, 2, 3, 4] on oral surface [Figure 5a]; periproct
distinctly on oral surface, approximately one third distance from ambitus to edge of peristome [Figure 5a] . . . . .. ..
......................................................... Ammotrophus

(South and West Australia)
Six plates in each paired interambulacrum on oral surface [Figure 5b]; periproct on oral surface, but close to ambitus

(submarginal) [Figure 5B] . . . . . . . .. i i ittt e e e e e e e e e e e e e e Monostychiat
(South Australia)



FIGURE 5.—Plate patterns on the oral surface of clypeasterines: a, Ammotrophus cyclius H.L. Clark, Paratype,
MCZ 3352; b, Monostychia australis Laube, after Dutham (1955:126); ¢, Arachnoides placenta (Linné), UT,
New Guines; d, Fellaster zelandiae (Gray), AMNH 2302; e, Scutellinoides patella Tate, USNM 96254; f,

Willungaster scutellaris Philip and Foster, after Philip and Foster (1971:689). (Interambulacra shaded; anterior
towards top of page; scale bars: a-d = 50 mm; ef = 5 mm.)
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Petaloids [I.G., Figures 31, 324] well developed, distinct conjugation groove [I.G., Figure 32a] between pores in pore pairs;
regularly arranged demiplates [1.G., Figure 324] in petaloids present [Figure 6a], alternating with primary plates;
prominent *“combed” rows of spines and podia adjacent to food grooves [similar to that in Figure 15]; food grooves
continue from edge of peristome around ambitus onto aboral surface towards apical system [Figure 45,c]; interambulacral
basicoronal plates clearly visible externally next to peristome [Figure 5c.d]; test of adults large (greater than 40 mm in
length), very flat, discoidal, with sharpedge (ambitus) . . . . . . . . ... .o i i e 7

Petaloids poorly developed or absent, conjugation groove between pores in pore pairs indistinct; demiplates in petaloids
absent; “combed” rows of spines and podia absent; when present, food grooves restricted to oral surface, not reaching
ambitus; interambulacral basicoronal plates barely visible or not visible externally next to peristome [Figure Se, f]; test
of adults small (less than 20 mm in length), high, slightly elongate, with rounded ambitus . . . .. ... ... .... 8

b
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FIGURE 6.—Demiplates and primary plates in the petaloids of clypeasteroids: a, Arachnoides placenta (Linné),
UT, New Guinea; b, Neorumphia elegans (Sénchez Roig), after Durham (1954:683); ¢, Rotula deciesdigitata
(Leske), USNM 6991; d, Monophoraster darwini (Desor), ROM 5578. (All figures show a portion of a petaloid
in a half ambulacrum; ambitus towards bottom of page; respiratory podial pores in solid black; scale bars = 20
mm; abbreviations: d = demiplate; p = primary plate.)






