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IV. SYSTEMATIC DESCRIPTION (CONTINUED)

(2—CAssIDULOIDA, CLYPEASTEROIDA, SPATANGOIDA)

Order CASSIDULOIDA CrLaus, 1880

‘Cassidulideae CLaus, 1880, p. 364 (suborder).—Cassiduloida Duxcan, 1889-a, p. 166.—LaMm-
BERT, 1911-a, p. 28.—HAwKINs, 1920, p. 459 (with Nucleolitoida HAwKINs, 1920).—HAw-
KINS, 1920-a, p. 393 (with Nucleolitoida HAWKINS).—MORTENSEN, 1948-a, p. 94.—TERMIER
and TERMIER, 1953, p. 915.—Nis1vyama, 1954, p. 328 (in Japanese).—DURHAM and MELVILLE,
1957, p. 260 (with Nucleolitoida Hawkixs, 1920).—KieRr, 1962, pp. 1, 22.—PuiLip, 1963-c,
p. 725.—PHiL1pP, 1965, p. 58.

Type-family.—Cassidulidae Acassiz, 1847.

Procassiduloida LAMBERT, 1915-a, p. 18 (suborder).—LAMBERT, 1918-a, p. 35 (suborder).—
LaMBERT and THIERY, 1921, p. 335.—SANCHEZ Roig, 1926, p. 68.—SmMmISER, 1935, p. 45.
Type-family.—Procassidulidae LAMBERT, 1915.

Cassidulina Hawkins: H. L. CLARK, 1925, p. 179 (with Nucleolitina HAwKINs, p. 178: non
Cassidulina d’ORBIGNY, 1826, p. 282, nec Gray, 1855-a, p. 34).—GRANT and HERTLEIN,
1938, p. 106.—H.L. CLARK, 1946, p. 355 (with Nucleolitina HawkiNs, p. 353).

Cassiduliformia BEURLEN, 1933, p. 30.

Type-family.—Cassidulidae Acassiz, 1847.

Forms of very varying shape, from regularly rounded to elongate ovoid ; test gen-
erally low vaulted. Ambulacra usually petaloid adapically, exceptionally (the Neo-
lampadids) quite rudimentary; petals usually all similar; phyllodes and bourrelets
(the floscelle) usually well developed. Apical system of discrete plates or monobasal,
central or slightly anterior; periproct varying in position, from slightly contiguous
with apical system to peristome, very often in a distinct anal groove. Peristome
central or slightly anterior ; branchial slits absent or at most very indistinct in primi-
tive forms. Posterior interambulacrum (5) not essentially different adorally from
other interambulacra. Masticatory apparatus present only in the Conoclypeids, in the
others at most present in young stage, totally resorbed in adults. Internal radiating
walls present only in the Conoclypids, in the others absent; fascioles absent.

From the Lower Jurassic (Lias) to Recent.

The affinities and source of this order are not settled in the present state of our
knowledge, and opinions concerning these problemns are diverse. It seems, how-
ever, evident that the Galeropygids represent primtive Cassiduloids, not Holec-
typoids, and they stand in the oldest relation to the Regular Echinoids, as in showing
by the simple ambulacra with an incipient formation of phyllodes and the apical
system with complemental plates, viz., the more primitive Diadematoids, or perhaps.
also the Arbacioids.

MORTENSEN (1948-a, p. 99) opposes strongly against an opinion to distinguish the
two orders (viz., Nucleolitoida and Cassiduloida) by the ambulacral structure,accepting
only an order, the Cassiduloida ; the Nucleolitoida is rejected and united into the Cas-
siduloida. Now it seems evident that the minor differences in the ambulacral and
phyllodial structures cannot afford criteria for dividing them into orders or suborders.
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MORTENSEN (1948-a) recognized two suborders of the Cassiduloida, viz., Cassidulina
and Conoclypina; the latter much differ from the former in having the radiating
internal supports (buttresses) and masticatory apparatus in the adult. DURHAM and
MELVILLE (1957, p. 260) removed the Conoclypina to the Holectypoida, and divided
the remaining Cassiduloids into two orders, as HAWKINS did so, viz., Cassiduloida and
Nucleolitoida. KIER (1962, p. 23) rightly rejected this biordinal classification of the
Cassiduloida, as MORTENSEN already did so. PHILIP (1963-c, pp. 724, 725) classified
the Conoclypina into the Cassiduloida, on account of their characters indicating close
similarity with advanced Cassiduloids; he erected a new suborder Neolampadina for
the family of the Neolampadids. Although the detailed derivation of them is
speculative, they appear to represent a separate branch from the Nucleolitids, being
strikingly dissimilar from other Cassiduloids.

Thus the order Cassiduloida comprise three suborders, viz., the Cassiduloina, the
Conoclypoina, and the Neolampadoina, and they are discriminated from one another
by the following key.

Key to the suborders of the order Cassiduloida.

1. No internal radiating supports (buttresses). Masticatory apparatus absent in the

AU Lo e e 2
Internal radiating supports present. Masticatory apparatus present in the adult.
Ambulacra adapically petaloid ..............ciiiiiiiiiiii... Conoclypoina

2. Ambulacra adapically petaloid ...........cciiiiiiiiiiiii Cassiduloina
Petals lacking, and adapical ambulacral plates with single pores................
............................................................ Neolampadoina.

There are fossil representatives of the suborder Cassiduloina in our collection.

Suborder CASSIDULOINA CLAus, 1830

Cassidulina DELAGE and HEROUARD, 1903, p. 263.—Cassidulina HaAwkKINs: H.L. CLARK, 1925,
p. 179 (pro parte).—Cassidulina DELAGE and HEROUARD: MORTENSEN, 1948-a, p. 101.—
Cassidulina CLaus: PHILIP, 1963-c, p. 725.—PHiLIP, 1965, p. 59.

Ambulacra usually petaloid adapically ; ambulacral plates simple or in part the
plates are compound of three components; pores of petals dissimilar or similar and
normally conjugate; no radiating internal supports (buttresses). Masticatory appa-
ratus absent in the adults.

From the Lower Jurassic to Recent.

As for subdivision of this suborder, MORTENSEN (1948-a, p. 100) declared that the
apical system is the only character that affords to divide them into families, whether
“tetrabasal ” or “ monobasal” named by BERNARD (1895-a, p. 295). It is true that
the genera having tetrabasal apical system are older and more primitive forms than
those having monobasal system. But it is hardly decided whether the difference
between the two types of apical system, viz., tetrabasal or monobasal, manifest the
true genetic or phylogenetic relations or not, whether the similarity is a phenomenon
of convergence or acutal genetic relation.
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In his study of the Cassiduloids, Kigr (1962) recognized striking examples of
‘parallel evolution, particularly in the ambulacra, the apical system, and the phyllodes,
in the various groups of them. KIER (1962) recognized 10 families in the suborder
‘Cassiduloina, viz., the Galeropygidae LAMBERT, 1911, Clypeidae LAMBERT, 1898,
Nucleolitidae AcGassiz and DESor, 1847, Echinolampadidae Gravy, 1851, Faujasidae
LAMBERT, 1905, Archiacidae COTTEAU and TRIGER, 1869, Cassidulidae AcGassiz, 1847,
‘Clypeolampadidae KIER, 1962, Pliolampadidae KIER, 1962 and the Apatopygidae KIER,
1962. It is to be noticed, here, that some of these are poorly differentiated from one
-another and probably may be treated at most as subfamilies of others. The impor-
tant families are discriminated from one another as shown by the following artificial
key.

Key to the important families of the suborder Gassiduloina.

1. No naked, granular zone in interambulacrum (5 T 2
Naked, granular zone in interambulacrum (5) ..........ccoverrrininrinnnn... 5

2. No buccal pores. Apical system tetrabasal only .............coovevnrnrnain.. 3
Buccal pores present. Apical system monobasal only ........................ 7

3. Periproct supramarginal, in contact with apical system. Ambulacra subpetaloid,
flush with test. Bourrelets absent or slightly developed...... Galeropygidae’
Periproct separated from apical system, supramarginal to inframarginal. Am-
bulacra petaloid adapically. Bourrelets developed ........................ 4

4. Petals usually broad, closed, of equal length; ambulacral plates double pored.
Bourrelets well developed ............ccoiiiiiii i Clypeidae

Petals moderately developed, usually open, narrow with narrow poriferous zones;
ambulacral plates beyond petals generally double pored. Bourrelets moderately
developed .......i i Nucleolitidae

5. Periproct marginal to inframarginal, transverse or longitudinal ; peristome trans-
verse. Petals long, usually broad, open, usually with poriferous zones of
unequal length in the same petal; single pores in ambulacral plates beyond
petals. Bourrelets well developed ; phyllodes widened. Apical system tetra-
basal or monobasal ........ ... ... . i Echinolampadidae

Periproct supramarginal to inframarginal, often with anal groove. Petals broad,
usually of equal length. Bourrelets strongly and well developed. Apical system

tetrabasal or monobasal .......... .. e 6
6. Petals generally closed, outer pores slit-like, pores strongly conjugate. Bourrelets
strongly developed ; phyllodes greatly widened .................. Faujasidae

Poriferous zones of unequal length in most Tertiary species. Bourrelets well
developed ; phyllodes widened, double or single pored. Buccal pores absent
in pre-Senonian SPECIES .. ...ttt titiii e eeiinereinaenrennanes Cassidulidae

7. Periproct inframarginal. Petals narrow or broad, open, or closed ; single pore in
all ambulacral plates beyond petals. Bourrelets well developed ............
............................................................ Pliolampadidae.

There are fossil representatives of the families, the Clypeidae, Echinolampadidae,

sCassidulidae, and the Pliolampadidae, in our collection.
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Family CLYPEIDAE LAMBERT, 1898

Clypeinae LAMBERT, 1898, p. 168 (28) (tribus).—LAMBERT and THIERY, 1921, p. 342.—Clype--
idae LaMBERT : KIER, 1962, pp. 15, 30.
Type-genus.—Clypeus LESKE, 1778.

Forms usually large, low, broad, with flat adoral surface. Apical system
anterior, tetrabasal of discrete plates, always four genital pores. Periproct supra-
marginal to inframarginal, usually longitudinal, or rarely transverse; peristome
anterior, pentagonal. Petals usually broad, closed, of equal length; outer pores slit-
like, strongly conjugate ; all ambulacral plates double pored. Bourrelets well developed ;:
phyllodes in early species usually with three series of pore-pairs in each half-
ambulacrum, in later ones only one; no buccal pores. Adoral tubercles in later species
larger than adapical; no naked, granular zone in interambulacrum (5) (mainly after
KIER, 1962).

From the Jurassic (Bajocian) to Cretaceous (Cenomanian).

The Clypeidae seem to be, as KIER claimed (1962, p. 15), descended from the-
Galeropygidae or from a close ancestor of the latter. The Clypeidae are more ad-
vanced than the Galeropygidae as shown by their well-developed petals and usually
more marginal or inframarginal periproct. KIER (1962, p. 30) referred the following
genera to the family; i.e., Clypeus LESKE, 1778, Bothryopneustes FOURTAU, 1924,
Pygurus AGasSiz, 1839, Astrolampas POMEL, 1883, and Pseudopygurus LAMBERT, 1911.
Within the family, the genera Pygurus (with subgenera), Clypeus, and Pseudopygurus,
as stated by Kier (1962, pp. 15, 30), seem to be closely related to one another, and
make a main stem of the family. They are common in having well developed petals,
a low test, and in the primitive stage narrow phyllodes with crowded pores. The
three genera are discriminated from one another as shown by the following key.

Key to the three genera of the family Clypeidae.

1. Periproct supramarginal, in deep groove extending to posterior margin, or flush..
Apical system with the posterior ocular plates posteriorly prolonged, or short,.
sometimes with catenal plates joining apical system to periproct ..........

.................................................................... Clypeus
Periproct inframarginal, longitudinal or transverse, not in a groove. Apical system
with the posterior genital plates separated by genital (2) ................ 2

2. Frontal petal (III) developed as in other petals, wide tapering poriferous zones
.................................................................... Pygurus
Frontal petal (IIT) absent or slightly developed with narrower poriferous zones
.............................................................. Pseudopygurus..

There are fossil representatives of the genus Pygurus in our collection.

Genus Pygurus AGASSIZ, 1839

Pygurus Acassiz, 1839, pp. 68, 100.—Acassiz, 1840-a, pp. 5, 17.—AcAassiz and DEsor, 1847,
p. 161.—p’ORBIGNY, 1853-55 (55), p. 299.—DEsSOR, 1855-58 (57), p. 309.—WRIGHT, 1856-67"
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'(60), p. 391.—CoTTEAU, 1865-69 (67), p. 126.—DEsOR and LorioL, 1868-72 (72), p. 339.—
Lorior, 1873, p. 280.—QUENSTEDT, 1872-75 (75), p. 473.—Z1TTEL, 1879, p. 531.—POMEL,
1883, p. 65.—Duncax, 1889-a, p. 188.—BEURLEN, 1933, p. 70.—MORTENSEN, 1948-a, p. 132,
text-figs. 100a-b, 10la-c, 102a-c.—TERMIER and TERMIER, 1953, p. 915.—CooOKE, 1955, p.
98.—KIER, 1962, pp. 41, 45, chart 3.

Logotype.—Echinolampas montmollini AcGassiz, 1835, p. 134, pl. 14, figs. 4-6.—Pygurus mont-
mollini (AGassiz) : D’ORBIGNY, 1833-55 (53), p. 305, pls. 916-917 (Neocomian of Switzer-
land and France).—KIER, 1962, p. 45, pl. 2, fig. 1. (Savin, 1903, p. 86.—SavIN, 1905, p. 176].

Echinopygus p’ORBIGNY, 1853-35 (55), p. 303.—PomMEL, 1883, p. 65.—LAMBERT and THIERY,
1921, p. 354.—CooKE, 1955, p. 98 (subgenus ad Pygurus).

Logotype.—Echinoaus lampas DE LA BEcHE, 1833, p- 42, pl. 3, figs. 3-5.—Pygurus (Echinopygus)
oviformis (LAMARCK) var. D’ORBIGNY, 1853-55 (53), p. 311, pl. 919 (Cenomanian of Sarthe).—
Pygurus lampas (DE LA Beche) : KIER, 1962, p. 46, pl. 3, figs. 1-3 (Cenomanian of France
and England). [LamBERT and THiERy, 1921, p. 354].

Large forms of angular or undulating outline, with or without anterior depression ;
‘the posterior end usually somewhat rostrate; aboral side variable, often flattened;
oral side somewhat pulvinate. Petals large and broad, equal, or frontal petal (11D
shorter than others, open or with tendency to close; interporiferous zones wide, wide
tapering poriferous zones with conjugate pores; pores unequal, the inner pore small,
the outer pores long, slit-like; all ambulacral plates double pored. On oral side
-ambulacra form sunken lines. Apical system small, tetrabasal, posterior genital
plates separated by genital (2), posterior oculars usually in contact; four genital pores.
Peristome somewhat anterior, pentagonal, sunken, width greater or less than height;
bourrelets well developed, phyllodes slightly widened, or very broad, double pored,
with from one to three series of pore-pairs in each half-ambulacrum ; no buccal pores.
Periproct inframarginal, longitudinal or transverse, the test somewhat raised around
it, so that there is a marked periproctal area, or none. Tubercles small, perforate,
sometimes forming distinct horizontal lines (from MORTENSEN, 1848-a, and KIER, 1962).

This genus is characterized by its lampadiform test, usually somewhat rostrate
behind, disparity of ambulacral pores and simplicity of ambulacral plating in petals,
and ornamented floscelle, and inframarginal periproct. This genus is distinguished
from related genus Clypeus in having an inframarginal periproct. The species which
has a transverse periproct without marked periproctal area, and no anterior depres-
sion of the test, is selected as the type-species (Ech. lampas) of the genus (or sub-
genus) Echinopygus. COOKE (1955, p. 98) regarded that the differences of the periproct
and anterior depression between the type-species of Pygurus and Echinopygus are
may be of sufficient importance to justify the retention of Echinopygus as a subgenus
under Pygurus, as it was originally proposed. KiEr (1962, p. 47), however, pointed
out that Ech. lampas is so similar in all its other characters, except the form of
periproct, to the type-species (Pyg. montmollini) of Pygurus, and he believes that the
former should be considered as congeneric with Pygurus.

As to the changing the name FEchinopygus for Pygurus, as done by LAMBERT
and THIERY (1921, p. 355)—because the name Pygurus was used already for an insect
in 1833 by DEJEAN (but as a nomen nudum)—the writer agress MORTENSEN’S treat-
ment (1948-a, p. 133) that there is no reason at all for changing the name of this
highly characteristic echinoid.

The genus Pygurus comprises, according to KIER (1962, pp. 45-51), three sub-
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genera, viz., Pygurus sens. strict., Mepygurus, and Pygropsis.
There are fossil representatives of the typical Pygurus in our collection.

Pygurus asiaticus TOKUNAGA, 1903

Pygurus asiaticus TOKUNAGA, 1903, p. 16, pl. 3, figs. 3-6.
Echinopygus asiaticus (TokUNAGA) LaMBERT and Tuigry, 1921, p. 355. '

Although this species is recorded from Torinosu, near Sakawa-machi, Kocht
Prefecture and TOKUNAGA (1903, p.17) presumed that it came from the Cretaceous,
its exact horizon is still unknown. The horizon was misled to be the Cenomanian by
LAMBERT and THIERY (1921, p. 355). There is no authentic specimen at the writer’s
disposal.

Since this species has an anterior depression of the test, high test (over 0.7 of
test-length), and seems to have an oval periproct with periproctal area, it can be
safely referred to the genus Pygurus. Although the nature of the apical system and
the structure of the floscelle, particularly of the phyllodes, are not precisely detected,
the original figure (TOKUNAGA, 1903, pl. 3, fig. 4) seems to show that they are similar
to those of Pyg. blumenbachi (KIER, 1962, chart 3-d.)

A remark should be added here on the distinction of the species. This species
resembles Pyg. blumenbachi (KocH and DUNKER) (WRIGHT, 1857-78 (60), p. 400, pl.
37, figs. 1-2—COTTEAU, 1867-74 (69), p. 157, pl. 38, fig. 3, pls. 39-40.—KIER, 1962,
p. 42, pl. 3, fig. 4), from the Rauracian or Corallian of France and England, in the
marginal outline of the test, and in the position and outline of the periproct, but
differs from that species by having higher and conical test and longer petals. Pyg.
asiaticus is also related to the type-species, Pyg. montmollini (AGGASSIz, 1836) (loc. cit.),.
from the Neocomian of Switzerland and France, in the marginal outline of the test,
position and outline of the periproct, and the form of petals, but is distinguished
from that species in the heigher and conical test and in the broader poriferous zones
in the petals.

Pygurus complanatus TANAKA, 1965

Pygurus (Pygurus) complanatus TaNaKa, 1965, p. 128, pl. 15, figs. la-c, 2a-c.

Although this species is recorded from the presumed Ishido formation (presumed
Cretaceous), at Lower course of the Onozawa, Saku-chd, Minami-Saku-gun, Nagano
Prefecture, there is no authentic specimen at the writer’s disposal.

This is a small-sized species for the genus, and is clearly distinguished from the
Japanese known species, Pyg. asiaticus TOKUNAGA, 1903 (loc. cit.), in having a low
test, no anterior depression, and a smaller posterior rostrum. This species also
resembles to some extent Pyg. impar GAUTHIER in COTTEAU, PERON, and GAUTHIER,.
1876 (1876-91 (76), 2, p. 74, pl. 5, figs. 10-11), from the Upper Neocomian of Algeria,
but differs from the latter by having the shorter, narrower and more tapering petals.
This species is also distinguished from the type-species, Pyg. montmollini (loc. cit.), in
having the lower test, no distinct anterior depression, and a small posterior rostrum.
The nature of the apical system and the structure of the floscelle are not precisely
detected on the specimens owing to the ill-condition of preservation.
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Family CASSIDULIDAE AGASSIZ, 1847
(Emended by KIER, 1962)

Cassidulides Acassiz in Acassiz and DEsoOR, 1847, p. 143 (pro parte).—DESOR, 1855-57 (57),
p. 245.—Cassidulidae Acassiz: CoTTEAU, 1861-67 (67), p. 116.—A. Acassiz, 1872-74, pp.
332, 549.—Z1TTEL, 1879, p. 524.—PoMEL, 1883, p. 54.—DuNcAN, 1889-a, p. 180.—DELAGE and
HErouARrD, 1903, p. 263.—MEISSNER, 1904, p. 1386.—H. L. CLARK, 1917, p. 103.—HAWKINS,
1920, p. 459.—H.L. CLARK, 1925, p. 179.—BeuURrRLEN, 1933, p. 68.—SmisER, 1935, p. 48.—
GrRANT and HERTLEIN, 1938, p. 106.—H. L. CLARK, 1946, p. 355.—MORTENSEN, 1948-a, p.
190.—TerMIER and TERMIER, 1953, p. 919.—KIER, 1962, p. 157.

Type-genus.—Cassidulus Lamarck, 1801.

Forms small to large, elongate, with flat adoral surface. Apical system an-
terior, tetrabasal or monobasal. Periproct supramarginal to marginal, longitudinal or
transverse; peristome anterior, oval or pentagonal, transverse. Petals usually well
developed, broad, usually of equal length, often inconspicuous; poriferous zones of
unequl length in most Tertiary species; ambulacral plates beyond petals double pored
in pre-Senonian species, single pored in Tertiary ones. Bourrelets well developed;
phyllodes widened, double or single pored, one or more series of pores in each half-
ambulacrum; buccal pores absent in pre-Senonian species. Tubercles much larger
adorally than adapically, naked granular zone in interambulacrum (5) \after KIER,
1962).

From the Lower Cretaceous (Albian) to Recent.

MORTENSEN (1948-a, pp. 140, 190) have limited the family Cassidulidae comprising
the various forms, no less than twenty four genera, having the monobasal apical
system and discriminated from the related family Nucleolitidae, which are characterized
by having the tetrabasal apical system. KIERr (1962, p. 159), however, distinguished
the family Cassidulidae from the Nucleolitidae in having more developed bourrelets,
wider phyllodes with fewer pores, and a naked, often pitted zone adorally in inter-
mabulacrum (5). MORTENSEN (1948-a, p. 190) and KIER (1962, p. 18) claimed that the
Cassidulidae represent a further development from the Nucleolitidae, i.e., the former
evolved from the latter, and probably so that there is a line connecting the two
families, e.g., Nucleopygus (a Cenomanian-Senonian Cassidulid) originating from
Nucleolites (a Bajocian-Cenomanian Nucleolitid). KigEr (1962, pp. 18, 157) classified
only six genera into the family Cassidulidae, viz., Rhynchopygus, Nucleopygus, Hypso-
pygaster, Ochetes, Cassidulus, and Rhyncholamas. The important genera of the Cassi-
. dulidae are discriminated from one another as shown by the following key.

Key to the important genera of the family Cassidulidae.

1. Apical system tetrabasal........... ..o 2
Apical system monobasal ......... . i e 3

2. Bourrelets well developed; phyllodes widened, single pored, with slight crowding,
only few pores occluded. Tubercles adorally much larger. Petals slightly or

well developed, open or closing distally ............oovvnnnnn Rhynchopygus
Bourrelets slightly or moderately developed, not pointed; phyllodes single pored,
narrow or only slightly widened, very few or no occluded pores. Petals
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narrow, inconspicuous, usually open. Adoral tubercles as large as or only

slightly larger than adapical ones..............oooiiieiininin, Nucleopygus

3. Petals non-lanceolate, open or closing distally. Periproct supramarginal, with

groove extending from opening to posterior margin. Phyllodes single pored,

with slight crowding of pores ............ .ol Cassidulus

Petals lanceolate, equal, closing, with unequal poriferous zones. Periproct slightly

supramarginal, marginal or slightly inframarginal. Phyllodes single pored,

usually with two series of pores in each half-ambulacrum .. Rhyncholampas.

The Eocene species, [larionia yoshiwarai LORIOL, 1902, from the Bonin Islands, is

apparently a cassidulid and the writer provisionally referred it to the genus Procas-

sidulus (NISIYAMA, 1965, p. 78). The apical system of Procassidulus lapiscancri (LESKE,

1778), the type-species of the genus, has now proved to be tetrabasal (KIER, 1962, p.
163, text-fig. 135), and this generic name does not apply for ‘ Ilarionia’ yoshiwarai.

Genus Cassidulus LAMARCK, 1801

Cassidulus LAMARCK, 1801, p. 348.—BLAINVILLE, 1834, p. 310.—GrAY, 1855-a, p. 34 —COOKE,
1942, p. 30.—MORTENSEN, 1948-a, p. 198, text-figs. 173a-d, 174, 175a-b, 176a-d (includes
complete synonymy).—CookE, 1959, p. 56.—KIER, 1962, p. 174.

Haplotype.—Cassidulus cariboearum LamARcK, 1801, p. 349 (reference is made to Encycl.
Méth., pl. 143, figs. 8-10.—The specific name was first spelled with the diphthong oe, not
ae).—Rhynchopygus caribaearum (LAMARCK) A. Acassiz, 1872-74, p. 343, pl. 15, figs. 1-4.—
Cassidulus caribaearum LAMARCK: MORTENSEN, 1948-a, p. 205, pl. 2, figs. 5, 14-18, pl. 11,
figs. 5, 7-9, text-figs. 177, 178a-c, 179, 180-181, 183a-d, 184a-b.—KIER, 1962, p. 176, pl. 26,
figs. 3-7, text-figs. 148-150 (Recent of West Indies).

Rhyncholampas A. Acassiz, 1869, p. 270.—H. L. CLARrk, 1925, p. 180.

Pseudotype.—Cassidulus cariboearum LaMmARCK, 1801, p. 349.

Logotype.—Pygorhynchus pacificus A. Acassiz, 1863, p. 27.—Rhyncholampas pacificus (A.
Acgassiz): KIER, 1962, p. 180, pl. 27, figs. 5-8, pl. 28, figs. 1-3, text-figs. 154-159. [Lawm-
BERT, 1918-a, p. 57 (41)].

Small to medium sized form of ovate outline. Test low, with acutely rounded
margin, and somewhat concave along the midline orally. Petals slightly or well
developed, straight, open or closing distally ; poriferous zones of the same petal usually
unequal ; ambulacral plates beyond petals single pored. Apical system usually anterior,
monobasal, with four genital pores. Periproct supramarginal, longitudinal, round, or
transverse, with groove extending from opening to posterior margin. Peristome
usually anterior, pentagonal, transverse. Bourrelets well developed, but rather low:
phyllodes widened, single pored with slight crowding of pores, one or two or no
occluded pores; buccal pores present. Naked median area in posterior interambula-
crum () often covered by deep irregular pits; adoral tubercles much larger than
aboral ones, their scrobicules often polygonal, with bosses eccentric anteriorly (from
MORTENSEN, 1948-a, and KIER, 1962).

MORTENSEN (1948-a, p. 221) distinguished this genus from Procassidulus by only
a character of the periproct, disregarding the difference of apical system. In the
latter the periproct is round, or oval, not transverse, and the test does not form a
pojection above it. Whereas Kier (1962, p. 160) claimed that the character of peri-
proct in the Cassidulids (transverse or longitudinal) does not seem to be of generic
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singnificance.

H.L. CLARK (1925, p. 180), GRANT and HERTLEIN (1938, p. 107), and MORTENSEN
(1948-a, p. 202) incorrectly stated that Cassidulus cariboearum is the type-species of
the genus Rhyncholampas. KIER (1962, pp. 178, 179) pointed out that LAMBERT (1918-a,
p. 57) clearly designated R. pacificus as the type-species of Rhyncholampas. KIER
(1962, pp. 174, 179) distinguished Cassidulus from Rhyncholampas in having a smaller,
more elongate test, narrower, non-lanceolate petals, a usually less posterior periproct,
and phyllodes with fewer pores. Cassidulus has a more advanced apical system
(monobasal) than Rhynchopygus (tetrabasal)—with which Procassidulus probably con-
generic—, and there is little doubt that the former is descended from Rhynchopygus.
This genus ranges from the Eocene to Recent, showing world-wide distribution.

“Cassidulus’ yoshiwarai (LORIOL, 1902)

Ilarionia yoshiwarai LorioL, 1902-a, p. 34, pl. 3, figs. 2-2d.— TOKUNAGA, 1903, p. 16.—LAMBERT
and THIERY, 1921, p. 369.—MorisHITA, 1960, p. 68.—Procassidulus yoshiwarai (LorroL)
Nisivama, 1965, p. 78.

Locality and geological horizon.—Nishiura in Haha-jima (Hillsborough Island),
Bonin Islands. Eocene (Eorupertia-zone, Ypresin). Topotype.—IGPS coll. cat. no. 7344.

There is a partly broken and ill-preserved specimen at the writer’s disposal, and
the exact generic position of the species is not certainly settled at present.

This species is originally assigned to the genus Ilarionia (DAMES, 1877, p. 34.—
Haplotype—Echinanthus beggiatoi LAUBE, 1868, p. 22, pl. 4, fig. 3.—Ilarionia beggiatoi
(LauBE): KIER, 1962, p. 206, figs. 4-10, text-fig. 170) by LorioL, and followed by
TokuUNAGA. This species has a floscelle of the cassidulid type, ie., the bourrelets
are well developed and inflated (cf. Cassidulus cariboearum—KIER, 1962, pl. 26, fig. 7),
not forming a rim around peristome as in Il. beggiatoi (cf. KIER, 1962, pl. 39, fig. 7).
Also the periproct of Il. beggiatoi lies on the truncate posterior end of test (KIER,
1962, pl. 39, fig. 9) and not in a distinct groove on supramarginal surface, as in the
case of Rhynchopygus lapiscancri (KIER, 1962, pl. 24, fig. 5). But the periproct of this
species is “ Périproct ouver prés du milieu de la hauter de la face postérieure, au
sommet d’une area verticale peu profondément, mais distinctement excavée, il était
ovale, petit et légérement acuminé en arriére, une fracture ne me permet pas de la
voir en entier, peut-étre étaot-il surmonté par un léger rostre,” fits with the feature
of the periproct of Rh. lapiscancri. In its general features this species closely re-
sembles Rh. lapiscancri (type-species of Procassidulus), but the former has a mono-
basal apical system, while the latter tetrabasal one.

It may perhaps be doubted whether this species really belongs to the genus
Ilarionia or to other genus. In this place the writer preliminary refers it to the
genus Cassidulus, although this does not settled with certainty, owing to the bad
condition of the specimen.

Family ECHINOLAMPADIDAE GRAY, 1851

Echinolampasidae GrRaY, 1851-a, p. 37.—GRAY, 1855-a, p. 33.—Echinolampidae GRAY: WRIGHT,
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1857-78 (57), p. 20.—Echinolampidées LorioL, 1875, p. 42.—Echinolampinae ZITTEL, 1879,
p. 527.—Echinolampadidés BERNARD, 1895-a, p. 295.—Echinolampidae GRAY: LAMBERT,
1905-a, p. 141.—LAMBERT, 1918-a, p. 37 (12).—Echinolampadidae GRAY: Hawkins, 1920,
p. 459.—Echinolampidae Gray: LamBerT and THIERY, 1921, p. 361.—Echinolampadidae
GRAY: MORTENSEN, 1948-a, p. 263.—TERMIER and TERMIER, 1953, p. 291L.—KIER, 1962,
p. 99.

Type-genus.—Echinolampas GrAy, 1825.

Test medium to large, of rounded, usually oval outline, usually highly inflated ;
oral side somewhat pulvinate or quite flat, aboral side more or less highly vaulted.
Apical system tetrabasal or monobasal. Petals long, usually broad, usually with
poriferous zones of unequal length in the same petal ; single pores in ambulacral plates.
beyond petals, only in the phyllodes pores may be some irregularities. Bourrelets well
developed ; phyllodes widened, single pored, with few or many pores; buccal pores
present. Periproct generally inframarginal, rarely marginal, transverse or longitudinal.
Peristome generally transverse. Adoral tubercles only slightly larger than aboral
ones: narrow, naked, granular median zone in posterior interambulacrum (5) (from
MORTENSEN, 1948-a, and KIER, 1962).

From the Cretaceous (Cenomanian) to Recent.

The family Echinolampadidae, in the limitation of MORTENSEN (1948-a), are
characterized by having the monobasal apical system and the long and wide open
petals. MORTENSEN (1948-a, pp. 268-269) distinguished his Echinolampadidae from
his Cassidulidae only by the form of petals and put minor importance on the position
of the periproct. KIER (1962, pp. 18-19), by using the evolutionary trends in the
Cassiduloida as the criteria, seeked the origin of the Echinolampadidae for the Nucle-
olitidae, and suggested that the oldest genus Arnaudaster (a Cenomanian Echino-
lampadid—having the tetrabasal apical system) is probably derived from a genus like
Pygorhynchus (an Albian Nucleolitid). KIERr (1962) classified five genera, founding on
the view point of phylogenetical relation, into the family Echinolampadidae. The
view of MORTENSEN (1948-a, p. 268) and KIER (1962, p. 19) on the affinities and source
of the Echinolampadidae, from the Nucleolitidae in broad sense, seem to be more
radical and natural than the view of HAwkKiINs (1920, p. 459)—deriving directly from
the Conulidae of the Holectypoida. The Echinolampadidae may represent one of
the most highly specialized forms of the Galeropygidae-Nucleolitidae-Echinolampadidae-
stem of the Cassiduloida. The Echinolampadidae differ from the Pliolampadidae in
having narrower poriferous zones of unequal length in the same petal, and in having
a naked granular zone in the posterior interambulacrum (5).

The Echinolampadidae, as in KIER’S limitation, are a rather small family com-
prising about five genera, viz., Arnaudaster, Parapygus, Plesiolampas, Echinolampas,
and Conolampas. They are discriminated from one another by the following key.

Key to the genera of the family Echinolampadidae.

1. Apical system tetrabasal. Periproct marginal, longitudinal, in a slight groove

Apical system monobasal. Periproct inframarginal, transverse or longitudinal,
not in a groove
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2. Petals well developed, open or with a slight tendency to close distally, with

equally developed poriferous zones in the same petal ............ Parapygus

Petals well developed, broad, closing distally, with unequal poriferous zones in
the same petal .......... ... .. Arnaudaster

3. Periproct tranSVerSe ..............oeeeoeeo e 4

Periproct longitudinal. Petals long, open, narrow poriferous zones, of unequal

length in the same petal ...................................... Plesiolampas

4. Petals moderately developed, sometimes lanceolate, open, or closing distally ; pori-
ferous zones usually unequal, interporiferous zones wide. ... .. Echinolampas

Petals long, straight, with narrow poriferous zones ................ Conolampas..

There are fossil representatives of the genus Echinolampas in our collection.

Genus Echinolampas GRAY, 1825

Echinolampas GrAy, 1825, p. 429.—BLAINVILLE, 1834, p. 209.—DESMOULINS, 1835-37 (35), p.
207.—Acassiz, 1836, p. 188 (20).—Acassiz, 1840, pp. 57, 99.—Acassiz, 1840-a, pp. 5, 17.—
AcGassiz and DESOR, 1846, p. 163.—ARADAs, 1850-54 (50), p. 239 (10).—D’ARrRcHIAC and
HaiME, 1853-54 (53), p. 209.—GRrAY, 1855-a, p. 34.—DEsoOR, 1855-57 (57), p. 300—v. MAR-
TENS, 1866, p. 178.—A. Acassiz, 1872-74, pp. 335, 551.—LorioL, 1875, p. 61.—Z1TTEL, 1879,
p. 530.—A. Acassiz, 1881-a, p. 122.—PoMEL, 1883, p. 62.—DuncaN and SLADEN, 1884, p.
152.—Duncan, 1889-a, p. 190.—CoTTEAU, 1889-94 (89), p. 5.—DELAGE and HEROUARD,
1903, p. 264.—A. Acassiz, 1904, p. 118.—MEISSNER, 1904, p. 1387.—FourTAauU, 1904-a, p.
427.—SAvIN, 1905, p. 167.—LAMBERT, 1906, p. 28.—DGDERLEIN, 1906, p. 240.—HAWKINS,
1911-a, p. 258.—GREGORY, 1911, p. 668.—Vapasz, 1915, p. 121.—H.L. CLark, 1917, p. 111.—
LAMBERT, 1918-a, p. 38.—FourTAU, 1920, p. 65.—LAMBERT and THIERY, 1921, p. 337.—
JAcksoN, 1922, p. 57.—H. L. CLARK, 1925, p. 182.—SAancHEZ Roig, 1926, p. 74.—Nisivyama,
1935, p. 145.—CookE, 1942, p. 37.—H.L. CLARK, 1946, p. 358.—MORTENSEN, 1948-a, p. 270,
text-figs. 254-255, 260-262, 264-265.—TERMIER and TERMIER, 1953, p. 921.—RowmaN, 1955,
p. 689.—KIER, 1957, p. 848.—CooKE, 1959, p. 55.—KIER, 1962, p. 106.

Logotype.—Echinus oviformis GMELIN, 1786-92 (91), p. 3187.—Echinolampas oviformis (GME-
LIN) : A. Agassiz, 1881-a, p. 123, pl. 37, figs. 10-11, pls. 39, 41, 43-44.—Echinolampas ovata
(‘Leske’) H.L. CLARK, 1917, p. 114, pl. 153, figs. 1-2.—MORTENSEN, 1948-a, p. 275, pl. 4,
figs. 1-8, text-figs. 258, 266a, 267d, 270a.—Echinolampas ovifomis (GMELIN) : KIER, 1962, p.
107, pl. 30, figs. 1-4, text-fig. 90. [PomEL, 1883, p. 62].

Medium-sized to large forms, of usually ovoid outline; aboral side gently convex,
oral side pulvinate, sunken adorally ; side tumid, not sharp. Apical system subcentral,
or more or less eccentric to front, monobasal with four genital pores, madreporite
large, oculars very small. Petals moderately developed, sometimes lanceolate, rather
short, open, or closing distally ; poriferous zones usually more or less unequal; inter-
poriferous zones wide; single pores in ambulacral plates beyond petals. Bourrelets
well developed; phyllodes single pored, usually moderately developed, with two to
three series of pores in each half-ambulacrum; buccal pores present. Periproct
transverse, inframarginal, with three large and few small periproctal plates. Peri-
stome subcentral, transverse, or pentagonal ; buccal membrane contains a number of
small, isolated, thorny plates. A naked granular zone in posterior interambulacrum
(5). Interambulacra large, with higher and fewer plates than ambulacra. Radioles.
simple, lightly thorny or smooth, miliary radioles scarcely widened distally. Pedi-
cellariae of tridentate, ophicephalous, and triphyllous types. A masticatory apparatus.
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present in the young, at least in one species (Ech. depressa) (from MORTENSEN, 1948-
a, and KIER, 1962).

From the Eocene (Montian) to Recent, of world-wide distribution.

This genus dates back from the Eocene, but there are only several living repre-
sentatives (no less than eight species); on the contrary, fossil species are very abun-
dant in the Tertiary, according to ROMAN (1955, p. 689) there are more than 285 species
enumerated hitherto under the genus. Because of this number of species several
attempts have been made to divide the genus into subgenera or sections. LAMBERT
and THIERY (1921-24, pp. 379-287) divided the genus Echinolampas into eight sections
and one subgenus founding on the minor characters of the test. MORTENSEN (1948-a,
pp. 270-293) expressed a view that Macrolampas, Cylindrolampas, and Palaeolampas
may be treated as valid subgenera of the genus, and he has suppressed Miolampas
and Progonolampas as synonyms of Echinolampas. KIER (1962, p. 107) claimed that all
these sections and subgenera are based on characters too variable (KIER, 1957, p. 848)
for the distinction of generic group, and made all these sections and subgenera as
synonyms of Echinolampas. To this procedure the writer quite agrees.

These synonyms are alphabetically shown as follows, with their type-species
indicated in parentheses after respective synonyms.

Craterolampas COTTEAU, 1891 (Echinolampas raulini COTTEAU), Cylindrolampas LAMBERT,
1918 (Echinolampas subcylindrica DEsOR), Cypholampas (Clypeaster stelliferus LAMARCK),
Euechinolampas PoMEL, 1887 (Echinolampas florescens PoMEL), Heterolampas CoTTEAU, 1891
Galerites semiglobus LAMARCK), Hypsoclypus POMEL, 1869 (Conoclypus lucae DESOR in AGAssiz
and DESOR, 1847.=Conoclypus plagiostomus Acassiz, 1840 (nomen nudum)), Hypsoheteroclypeus
SzORENY, 1953 (Hypsoclypus doma PoMEL), Isolampas LAMBERT, 1906 (Echinolampas goujoni
PoMEL), Libyolampas LAMBERT, 1914 (Echinolampas africana LorioL), Macrolampas LaM-
BERT, 1906 (Clypeaster hemisphericus LAMARCK), Macrolamas PoMEL, 1883 (Echinolampas
mattsensis QUENSTEDT), Miolampas POMEL, 1883 (Echinolampas depressa GRAY), Oeidolampas
LAMBERT, 1918 (Echinolampas ataxensis COTTEAU), Palaeolampas BELL, 1880 (Palaeolampas
crassa BELL), Planilampas MORTENSEN, 1948 (Echinolamas sternopetala A. Acassiz and H.L.
CLARK), Politolampas LAMBERT, 1918 (Clypeaster politus LAMARCK), Progonolampas BITTNER,
1892 (Progonolampas novae-hollandiae BITTNER, 1892.=Echinolampas posterocrassus GREGORY,
1890), Psammelampas LAMBERT, 1913 (Echinolampas scutiformis DESMOULINS), Scutolampas
LamBERT, 1906 (Conoclypus plagiosomus AGassiz.= Echinolampas lucae (DESOR); KIER,
1962, pp. 111, 115), and Sphelatus PomEL, 1883 (Caratomus lehoni COTTEAU).

KIER, (1962, pp. 108, 226) has clearly pointed out that the specific name of the
type-species should be written oviformis, as it was originally used, not ovata customarily
used since 1917.

The genus Echinolampas differs from Plesiolampas (DUNCAN and SLADEN, 1882,
p. 9.—Haplotype.—Plesiolampas elongata DUNCAN and SLADEN, 1882, p. 10, pl 1, figs.
8-16 (Montian of India)) in having a transverse instead of longitudinal periproct, and
from Conolampas (A. AGASSIZ, 1883-a, p. 48.—Haplotype.—Conolypus sigsbei A. AGASSIZ,
1879-a, p. 190, pls. 1-2 (Recent, West Indies)) only in having broader, curved pori-
ferous zones in its petals.

The species of Echinolampas seem to form a very homogeneous group and con-
sequently it is very hard to distinguish them from one another even in the Recent
forms. The primary features by which the species may be distinguished from one
another seem to be the following: (1) the relative length of the various poriferous
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zones (pore-series), but it must be used with caution, (2) the shape of the test is a
similarly useful character, but of variable value, (3) the tuberculation of the test, con-
sidering the longitudinal series of the tubercles in the petals, (4) the distance separat-
ing the pore-pairs in area from each other, (5) the distance between the pores of a

pair, and (6) the shape of peristome and the development of phyllodes may be fac-
tors to be considered.

At least three species of fossils of this genus are reported from Japan and the
adjacent regions.

Echinolampas alexandri LoriOL, 1876

Echinolampas alexandri LorioL, 1876-a, p. 4, pl. 1, figs. 1-3.—MEI1JERE, 1904, p. 145.—H.L.
CLaRrk, 1917, p. 114, pl. 144, figs. 14-16, pl. 153, figs. 3-4.—KOEHLER, 1922, p. 144, pl. 4,
fig. 10.—H. L. CLARK, 1925, p. 182.—MORTENSEN, 1948-a, p. 282, pl. 2, figs. 20-24, pl. 3
figs. 1-3, pl. 14, figs. 1, 4, 7, text-figs. 268c, 272a-c, 273a.—MORTENSEN, 1948-b, p. 95.

Echinolampas depressus: MEIJERE, 1904, p. 144 (non GrAY, 1851).—Echinolampas (Miolampas)
depressus: JEANNET and MARTIN, 1937, p. 270, text-figs. 49a-d.—HAavasaka and MORI-
SHITA, 1947-a, p. 105, pl. 9, fig. 1.

>

There are no authentic specimens referable to this species at the writer’s dis-
posal. The specimens reported from the Ryukyu Limestone (Pleistocene) of Tokuno-
shima under the name Echinolampas (Miolampas) depressus GRAY by HAYASAKA and
MORISHITA may be this species or a close relative.

The figure la on plate 1X of their work (Havasaka and MORISHITA, 1947-a)
represents the aboral surface of their depressus and it fairly well agrees the figure
10 on plate IV of KOEHLER (1922, p. 144), the aboral surface of Ech. alexandri, in the
form of petals and a slight impression above the ambitus in the posterior inter-
ambulacrum (5). Whereas trifle differences are observed between these two figures
that in the Ech. depressus the petals are narrower than those of Ech. alexandri, the
apical system of the former is more eccentric to front than that of the latter, and
the test of former is narrower than the latter. The features of aboral surface of
their Ech. depressus (i.e., Ech. alexandri) also more or less resembles those of the
living Ech. koreana H.L. CLARK, 1925 (1925, p. 183, pl. 10, figs. 4-5.—MORTENSEN,
1948-a, p. 281, pl. 4, fig. 9, text-fig. 271), but is easily distinguished from the latter
by the form of peristome and feature of floscelle. Although HAYASAKA and MORI-
sHITA fail to describe the longitudinal series of tubercles in the petals, because of the
nature of phyllodes (which is quite rudimentary as is observed from the figure 1b on
plate IX of their work, and observed by the writer on the specimens (MCZ no. 4224),
from Ceylon), and the shape of peristome (which is transversely oblong, measured 6 mm
wide and 4 mm long, from the same figure), the specimens derived from the Ryukyu
Limestone of Tokuno-shima may be most probably assigned to Echinolampas alexandri
LorioL, 1876.

The Recent Echinolampas depressus recorded by MEIJERE (1904, p. 144) from off
Saleyer, and the fossil of same name recorded by JEANNET and MARTIN (1937, p. 270,
text-figs. 49a-d) from the Pliocene of Java are not that West Indian species, but a
close relative of or Ech. alexandri, and MORTENSEN (1948-a, p. 282) listed JEANNET
and MARTIN’S species as a synonym of Ech. alexandri. Echinolampas subangulata



14 S. NisiyAMA

HERKLOTS, 1854 (1854, p. 10, pl. 3, fig. 4), from the Upper Miocene or Lower Pliocene
of Java, seems to be also a close relative of or Ech. alexandri.

Echinolampas alexandri LORIOL, 1876, was orginally described from Mauritius
but occurs also in the Malay and Philippines regions, and seems to be rather widely
distributed further eastwards of those regions.

This species is characterized by the form of petals, the rather coarse tubercula-
tion (median area of the antero-lateral petals (II and IV) with not more than 8, usu-
ally 4-8, longitudinal series of primary tubercles), the broad transverse peristome, and
the quite rudimentary floscelle, but its specific validity is doubted by H.L. CLARK
(1917, p. 114). It is however, readily distinguished from Ech. oviformis (loc. cit.) by
the coarser tuberculation and the nature of phyllodes. This species, particularly in
the young individuals, has also some resemblances to some species of Echinolampas
(e.g., Ech. depressa, from West Indies, and Ech. koreana, from western Japan (PL 11,
fig. 10)), in respect to petals as considered by MEIJERE and by JEANNET and MARTIN.
However, in this species the inner poriferous zones of the posterolateral petals (I
and V) are much longer than a half of the outer ones, whereas in Ech. depressa the
inner poriferous zones of the postero-lateral petals are shorter than a half of the
outer, and in Ech. koreana the inner poriferous zones of the postero-lateral petals
shorter than those of Ech. alexandri, and decidedly differs in the form of peristome.

Echinolampas oviformis jacquemonti D’ARCHIAC and HAIME, 1853

Echinolampas jacquemonti p’ArRcHiac and HarMEg, 1853-54 (53), p. 211, pl. 14, fig. 3.—Duncax~
and SLADEN, 1885-a, p. 332, pl. 53, figs. 1-14.—LamBERT and THIifry, 1921, p. 378.—
Echinolampas jackemonti p’ArcHiac and HAaME : HAvAsaka, 1948-a, p. 88.

The specimens of this species are not accessible to the writer. HAYASAKA re-
ported the occurrence of this species from the Nakand formation (Miocene) developed
mnear Chilung City, Formosa, together with Astriclypeus integer YOSHIWARA, 1899 (not
typical integer), Breynia carinata D’ARCHIAC and HAIME, 1853, and Moira obesa Nisi-
YAMA, 1935, of the typical Miccene species.

This ‘species’ judged from the description and figures of HAYASAKA (loc. cit.),
resembles Ech. oviformis, a Recent species from the Indian Ocean (MCZ no. 2736 which
the writer has examined), in the anteriorly eccentric apical system, rather high test,
form of petals, and in rather fine tuberculation of test; but the longitudinal series
-of tubercles on the median area of the antero-laterol petals (II and IV) are fewer in
this “species’ than those in Ech. oviformis, and the interporiferous zones are more or
less broader than in that species, and other trifling differences are observable from Ech.
.oviformis. Here, the writer treats this is only a subspecies of Echinolampas oviformis.

The Indian fossil subspecies, Ech. oviformis jacquemonti, and the Malayan (Indo-
nesian) fossil species, viz., Ech. ovata (=oviformis) (JEANNET and MARTIN, 1937, p.
269—Lower Miocene of Java), Ech. elevata BOoHM, 1882 (BoHM, 1882, p. 364, pl. 1, figs.
'3—Upper Miocene of Madoera.—Ech. depressus BOHM, 1882, p. 363, pl. 1, fig. 2, non
‘GRAY, 1851.—Ech. madurensis MARTIN, 1919, p. 54.—Ech. madurensis elevata BOHM :
‘GERTH, 1922, p. 505), and the Recent Indo-Malayan species, viz., Ech. oviformis and
Ech. alexandri, seem to be closely related to one another, and further material may
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show some names to be identical with one or the other and would become synonyms
{or subspecies) of the one or the other species.

Echinolampas yoshiwarai Lorior, 1902
(PL. 10, fig. 7)

Echinolampas yoshiwarai LorioL, 1902-a, p. 31, pl. 3, figs. 3-5.—TokunNaGa, 1903, p. 17.—
Echinolampas (Miolampas) yoshiwarai LorioL: LAaMBERT and THiERY, 1921, p. 383.—
Nisrvama, 1935, p. 151, p. 151, pl. 8, figs. 4-5.—NisiyaMa, 1936-a. p. 424 (in Japanese).—
MorisHITA, 1950, p. 258 (in Japanse).—MoORISHITA, 1960, p. 56.

Echinolampas concavus HAvyAsaka, 1948-a, p. 89 (Echinolampas sp., Havyasaka and Mori-
SHITA, 1947-a, p. 103, pl. 9, fig. 2). .

There are about thirty specimens referable to this species at hand, they are
derived from the following localities and geological horizons.

Locality and geological horizon.—IGPS loc. no.—Ch-29.—Sea cliff a short distance
south of shrine at Kanaya, Kanaya-mura, Kimitsu-gun, Chiba Prefecture. (tm, Nago,
Lat. 35°0920”N., Long. 139°49’30”E.), Nokogiriyama (Komayama) formation, Lower
Pliocene (or Upper Miocene). Topotypes.—IGPS coll. cat. no. 5175.

Locality and geological horizon.—IGPS loc. no.—Ch-28.—In calcareous sandstone
of sea cliff under the main road about 500 metres east of Mydgane-zaki, Motona,
Hota-machi, Awa-gun, Chiba Prefecture. (tm Nago, Lat. 35°09’N., Long. 139°49/35”E.),
Nokogiriyama (Komayama) formation, Lower Pliocene (or Upper Miocene). Hypo-
type.—IGPS coll. cat. no. 5175-A.

Locality and geological horizon.—IGPS loc. no.—Ch-30.—Creek side of the upper
course of the River Motona, Motona, Hota-machi, Awa-gun, Chiba Prefecture. (tm
Nago, Lat. 35°09/20”N., Long. 139°06/20”E.), Nokogirivama (Komayama) formation,
Lower Pliocene (or Upper Miocene). Hypotype.—IGPS coll. cat. no. 5175-B.

Locality and geological horizon.—IGPS loc. no.—Kn-13.—A point south of shrine
at Wada, Hatsuse-mura, Miura-gun, Kanagawa Prefecture. (tm Yokosuka, Lat.
35°11/27”N., Long. 139°37/35”E.), Sajima formation, Lower Pliocene (or Upper Miocene).
Hypotype.—IGPS coll. cat. 73792.

Locality and geological horizon.—IGPS loc. no.—So0-8.—In calcareous sandstone at
sea shore north of Shirahama shrine at Harada, Shirahama-mura, Kamo-gun, Shizu-
oka Prefecture. (tm Shimoda, Lat. 34°41’N., Long. 138°58’E.), Shirahama (Susaki, or
Shimoshiraiwa) formation, Miocene. Hypotype.—IGPS coll. cat. no. 73793.

Locality and geological horizon.—IGPS loc. no.—Mi-53.—Cliff west of Kumanodd,
Takadate-mura. Natori-gun, Miyagi Prefecture. (tm Sendai, Lat. 38°12’'N., Long.
140°50"36”E.), Moniwa formation, Miocene. Hypotype.—IGPS csil. cat. no. 73795.

Locality and geological horizon.—IGPS coll. cat. no.—Ni-11.—A point southeast of
Kamagui, Tatekoshi-mura, Iwafune-gun, Niigata Prefecture. (tm Shiono-Machi, Lat.
38°1324”N., Long. 139°34/427E.), Tsugawa formation, Miocene. Hypotype.—IGPS coll.
cat. no. 73794.

Locality and geological horizon.—IGPS loc. no.—Yt-10.—River cliff of the Sagae
at Nakamura, Oisawa-mura, Nishi-Murayama-gun, Yamagata Prefecture. (tm Otori-
ike, Lat. 38°2313”N., Long. 140°00'03”E.), Oisawa formation, Miocene. Hypotype.—
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IGPS coll. cat. no. 73795-A.

Locality and geological horizon.—IGPS loc. no.—Ao-13.—Tanosawa, near the rail-
way station, Odose-mura, Nishi-Tsugaru-gun, Aomori Prefecture. (tm Ajigasawa,
Lat. 40°4507”N., Long. 140°02/03”E.), Tanosawa formation, Miocene. Hypotype.—Saito
Ho-on Kai Mus., reg. no. 6163.

Locality and geological horizon.—IGPS loc. no.—Ak-8.—Sea side north of Hatake,
Kitaura-machi, Minami-Akita-gun, Akita Prefecture. (tm Toga, Lat. 40°00°03”N.,
Long. 139°42/38”E.), Nishikurosawa formation, Miocene. Hypotype.—IGPS coll. cat.
no. 73795-B.

Locality and geological horizon.—IGPS loc. no.—Sr-15.—The basin of the River
@anzai, Kaminokuni-mura, Hiyama-gun, Shiribeshi, Hokkaido. (tm Kaminokuni, Lat.
41°44’29”N., Long. 140°06'28”E.), Kunnui formation, Miocene. Hypotype.—IGPS coll.
cat. no. 73795-C.

The specimens enumerated in the following lines comprise some of examined
ones by the writer and some reported of occurrence by other authors: they are—

Locality and geocogical horizon.—IGPS loc. no.—Fk-12.—Cliff at southern end of
the park at Yanagawa, Yanagawa-machi, Date-gun, Fukushima Prefecture. (tm. K6ri,
Lat. 37°51’05”N., Long. 140°36’05”E.), Yanagawa formation, Miocene.

Locality and geological horizon.—IGPS loc. no.—Yt-11.—Creek side a short distance
east of Shunezaka, Kaneyama-machi, Mogami-gun, Yamagata Prefecture. (tm Uzen-
Kaneyama, Lat. 38°57’N., Long. 140°21’10”E.), Nozoki formation, Miocene.

Locality and geolegical horizon.—IGPS loc. no.—Is-8.—A point of Higashi-Ichinose,
Asakawa-mura, Kahoku-gun, Ishikawa Prefecture. (tm Kanazawa, Lat. 36°30/07”N.,
Long. 136°44’04”E.), Nozoki (Minazuki) formation, Miocene.

This species was originally described by Lorior (1902-a, p. 31) from the basal
part of the Nokogiriyoma (Komayama) formation at Kanaya, Chiba Prefecture, cen-
tral Japan. Since the first report of this species from Chiba Prefecture, numerous
other localities of it were noticed by many authors hitherto. In Ishikawa, Niigata,
Yamagata, Akita and Aomori Prefectures, and in Hokkaido, this species occurs asso-
ciated with Miogypsina kotoi HANzAWA, 1931 (HANzAWA, 1931, p. 154 (14), pl. 25, figs.
14-18.—HANzAwaA, 1935, p. 23, pl. 3, figs. 1-40) and Operculina complanata japonica
Hanzawa, 1935 (Hanzawa, 1935, p. 19, pl. 1, figs. 4-28), both are regarded as the
characteristic higher foraminifers of the Helvetian stage in Japan; and further in
Chiba, Shizuoka, Fukushima and Miyagi Prefectures, where the Miogypsina—Oper-
culina zone is not exactly known, this species occupies a little higher zone than the
zone of Lepidocyclina (Nephrolepidina) japonica HaANzAawA, 1931 (HANzawa, 1931, p.
151 (11), pl. 24, figs. 1-7, 11, pl. 25, figs. 1-5, pl. 26, figs. 1-3, 5). This species, in
broadly speaking, together with an echinoid genus Asiriclypeus (MORISHITA, 1952, pp.
107-113) occupies in geological horizon as nearly the same position as, or a little higher
than, the Miogypsina—Operculina zone in Japan, particularly in central and north-
eastern Japan.

Comparing the numerous specimens from numerous localities with one another,
they show considerable variation in size and tuberculation on the test. In the writer’s
earlier paper (NISiYyaAMa, 1935, p. 154), this species has six longitudinal series of pri-
mary tubercles in the median area of the paired petals. This may be the maximum
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case, as the number of longitudinal series of primary tubercles in the area varies from
four to six, and the tubercles to 25 sq. mm on the aboral surface in the posterior
interambulacrum (5) vary from fourty to sixty in number. The specimens from
Yamagata Prefecture (from the Oisawa and Nozoki formations) and from Hokkaido
(from the Kunnui formation) are smaller than those from central Japan; but, in the
form of petals and tuberculation on the test they seem to fall within the variation
of Ech. yoshiwarai.

Comparing FEch. yoshiwarai with the Recent species, the writer finds its close
affinity with Ech. koreana H.L. CLARK, 1925 (loc. cit.) in the relative length of the
various poriferous zones, the shape of the test as well as in the tuberculation on the
test, a great eccentricity of the apical system, and deeply sunken peristome. This
species, however, is distinguished from that species by having the shorter and broader
petals and larger peristome. This species may be regarded as an ancestral form
of the living Ech. koreana in their close affinity. Ech. yoshiwarai is also closely
related to the living Ech. alexandri (loc. cit.) in the relative length of the various
poriferous zones, as well as in the tuberculation on the test, but this species has a
great eccentricity of the apical system, a deeply sunken peristome, and more or less
developed phyllodes, and it seems to be a distinct species from that species.

The species from the Miocene of Formosa, reported by Havasaka and MORI-
SHITA (1947-a, p. 103, pl. 9, fig. 2) as Echinolampas sp., and named by HAYASAKA
(1948-a, p. 89) as Ech. concavus, as an index fossil of the Miocene, particularly Lower
Miocene of northern Formosa, seems to be a close relative of, or may be identical
with, Ech. yoshiwarai, as once pointed out by MoRIsHITA (1950, p. 258, in citation).

From their descriptions and figures (HAYASAKA and MORISHITA, 1947-a), the
writer found two points which coincide with those of Ech. concavus and LORIOL’S
Ech. yoshiwarai. What is described as “ being quite conspicuously concave actinally ”
in Ech. concavus, fairly well coincides with “ Peristome trés enfoncé” in Ech. yoshi-
warai, and “ apical system is excentric in front” in Ech. concavus also coincides with:
“ Appareil apical concidant avex l'apex et trés excentrigue en avant” in Ech. yoshi-
warai. The figure 2a of the aboral surface of Ech. concavus on plate IX (HAYASAKA
and MORISHITA, 1947-a) much resembles that of a specimen of Ech. yoshiwarai from
the Miocene formation of Niigata Prefecture (pl. 10, fig. 7—IGPS coll. cat. no. 73794)
in the relative length of the various poriferous zones of rather short petals.

To sum up, Echinolampas yoshiwarai Lorior, 1902, or its relatives, flourished in
warm seas with an echinoid, Astriclypeus, or with foraminifers, Miogypsina and
Operculina, from western Japan (Miyazaki Prefecture as south) or south of Japan
(as far south as northern Formosa) to Hokkaido (Shiribeshi as north), in a Miocene
age and some seem to have been survived to the Lower Pliocene (or Upper Miocene)
in central Japan (Chiba and Kanagawa Prefectures).

Echinolampas bombos NISIYAMA, n. Sp.
(PL 10, figs. 10-11, PL 11, figs. 1-6, 9)

Holotype.—IGPS coll. cat. no. 73726.
Locality and geological horizon.—Sea cliff near Akaiwa, at Nishi-ura, Haha-jima
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(Hillsborough Island), Bonin Islands. Eocene (Lutetian) (Eorupertia— Alveolina zone).

There are seven specimens referred to this new species at hand. The holotype
(pl. 11, figs. 1-3) measures 20.5 mm in longitudinal diameter, 19 mm in transverse one,
and 17.5mm in height.

Test small, very globular in form, broadly oval in marginal contour, almost
circular in outline, well rounded in front, very faintly rostrated posteriorly with a
slight tendency to elongation in longitudinal axis, and slightly protuberanted poste-
riorly, more or less faintly notched in posterior part of the lateral interambulacra
(1 and 4), corresponding with the line of the greatest breadth. Longitudinal diameter
more or less exceeds transverse one, with a proportion of 1.00: 0.92 in the holotype;
height very large, about 0.85 of longitudinal diameter. Aboral surface very highly
arched, to summit, the highest point situated at just anterior of the apical system,
so the profile very inclined forwards, anterior slope much more rapidly inclined than
the posterior one.

Aboral portion of ambulacra more or less petaloid, part of poriferous zones hav-
ing distinctly indicated pairs of pores. Apical system eccentric to front, only 7 mm
from the anterior margin, closely punctated with numerous madreporic pores, and
with four large genital pores; it almost corresponds with the summit of test; anterior
pair of genital pores (genitals 2 and 3) being closer together than the posterior pair
(genitals 1 and 4).

Frontal petal (III) has 13 pore-pairs on the left-hand pore-series, 11 on the right,
their length almost equal, 3mm long and 1.5mm wide, slightly curved inwards at
the tip, the shortest of all petals. Antero-lateral petals (Il and IV), about 2 mm wide
at the broadest point, with posterior poriferous zones about 8 mm long with 26 or
more pore-pairs; anterior poriferous zones about half as long as the posterior, about
4mm long with 16 or more pore-pairs. Postero-lateral petals (I and V) about 2.5mm
wide, the longest of all petals; with outer poriferous zones about 9mm long, with
29 or more pore-pairs ; inner ones have almost the same number of, or less pore-pairs
and a little shorter than the outer. Pores of each pair relatively apart while the suc-
cessive pair rather close together, so that the vertical distance between two pores is
smaller than the horizontal distance. Pores relatively large, oval or round in shape,
faintly connected by a groove, whole effect a relatively broad poriferous zones.

Periproct somewhat sunken below the ambitus, ovaly round in outline, placed
transversely, about 5 mm wide and 3 mm high, obliquely placed at the posterior end
of test, but degree of obliquity shows more or less diversity: in holotype, angle
formed by plane of periproct and that of oral surface of test about 145°, while in an
other specimen it is about 150°

Peristone slightly eccentric to front, not so sunken, transversely pentagonal in
outline, about 4.5mm in transverse diameter and 25mm in longitudinal one. Am-
bulacral areas become very constracted as they approach the peristome. Phyllodes
very poorly developed and not widened, with two series of pores more or less re-
gularly developed. Bourrelets are not prominent.

Tuberculation on test rather fine, about or over fifty primary tubercles to area 25
sq. mm on aboral surface in the posterior interambulacrum (5), and from 2 to 4 long-
itudinal series of primary tubercles (but very irregularly) in the median area of each
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petal.

The small size and very globular form of test, relative length of the various
poriferous zones of petals, the remarkable form of the petals, and rather fine tuber-
culation on the test, form a notable combination of characters of this species.

Distinction.—This new species resembles Ech. posterocrassa GREGORY, 1890 (GRE-
‘GORY, 1890, p. 483, pl. 13, figs. 4-6 (Lower Miocene of Victoria—CHAPMAN; Upper
Eocene of South Australia—KIER)—KIER, 1962, p. 113, pl. 32, figs. 5-7=Progonolampas
novae-hollandiae BITTNER, 1892, p. 357, pl. 3, fig. 1 (Oligocene of Australia)), in outline
and the form of petals, but is distinguished from that species in its more globular
form and more rounded outline. FEch. bombos is also related to Ech. sphaeroidalis
D'ARCHIAC and HAIME, 1853 (D’ARCHIAC and HAIME, 1853-54 (53), p. 210.—DUNCAN
and SLADEN, 1885-a, p. 338, pl. 53, figs. 15-19), a Oligocene or Miocene species of
India, but differs from that species in the form of petals and in the globular form
of test. This species also superficially resembles Pseudopygaulus antecursor (DUNCAN
and SLADEN, 1882) (Eolampas antecursor DUNCAN and SLADEN, 1882-a, p. 61, pl. 17,
figs. 11-15), from the Ranikot szries (Eocene) of Western Sind, India, in the small
ovoid form, quite simple phyllodes, shape of paired petals, more or less eccentric
peristome, and in the position and form of periproct, but is easily distinguished
from that species by having two series of ambulacral pores on each side of the
frontal ambulacrum (III). That species has a higher test and the frontal ambulacral
pores in a single series on each side—one of the characters of the family Archiaciidae
«COTTEAU and TRIGER, 1969.

Family PLIOLAMPADIDAE KIER, 1962

Pliolampadidae KiER, 1962, pp. 19, 192.
Type-genus.—Pliolampas PomEL, 1888.

Forms large to medium in size, elongate, moderately inflated. Apical system
‘monobasal, three or four genital pores. Periproct usually inframarginal, rarely mar-
-ginal or supramarginal, usually longitudinal, rarely transverse. Peristome anterior,
usually higher than wide, rarely transverse. Petals usually well developed, narrow
-or broad, open or closed distally; outer pores elongated transversely, strongly con-
jugate; poriferous zones of same petals of usually same length; single pores in all
‘the ambulacral plates beyond petals. Bourrelets well developed, with few or many
pores; buccal pores present. Adoral tubercles only slightly larger than the adapical;
no naked granular zone in posterior interambulacrum (5) (from KIER, 1962).

From the Cretaceous (Senonian) to Recent.

In establishing the family Pliolampadidae, KIER (1962, pp. 19, 192) recogmzed that
‘they are not homogeneous group and that they may not represent a natural or phy-
logenetic grouping. This author also stated (1962, p. 19) that the family can be
«divided into two morphological groups by the feature of petals and their poriferous
zones, and the two may perhaps represent phylogenetic stocks. The heterogeneous
Pliolampadidae should be divided into two subfamilies, as suggested by KIER, found-
ing on the character of petals, or they may be united into the Cassidulidae or Nucleo-
litidae and the Pliolampadidae would be suppressed as a subfamily of them. But,
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for the present purposes, the writer adopts the Pliolampadidae originally recognized
by KIER in his restricted usage. The Pliolampadidae seem to be orignated from the
Nucleolitidae, and they are distinguished from the Echinolampadidae in having petals.
with poriferous zones of equal length in the same petal and in usually lacking a
naked granular zone in the posterior interambulacrum (5) adorally. KIErR (1962)
classified thirteen genera into the family; among them one group having open petals
with very broad poriferous zones, including such genera as Pliolampas, Zuffardia,
Termieria, Pseudopygaulus, and Studeria, and the other having closed petals with
narrow poriferous zones, including the genera Gitolampas, Eurhodia, Ilarionia, Neo-
catopygus, Santeelampas, Daradaster, and Kephrenia. The important genera of the
family are discriminated from one another as shown by the following key.

Key to the important genera of the family Pliolampadidae.

1. Frontal ambulacrum (III) not petaloid, other ambulacra petaloid with broad petals..
Periproct inframarginal, transverse or oval. Phyllodes single pored with
slight crowding of pores; bourrelets present but not inflated.. Pseudopygaulus

All ambulacra petaloid adapically

2. Periproct inframarginal. Petals broad, open, equal, with broad poriferous zones..

Genital pores 3 or 4. Phyllodes broad, with large single pores.... Pliolampas
Periproct not inframarginal, marginal or supramarginal

3. Periproct supramarginal, transverse or longitudinal. Petals equal, broad, closing
distally. Peristome higher than wide. Phyllodes broad, single pored ......
.................................................................. . Eurhodia

Periproct marginal. ... ... ..ot e 4

4. Genital pores 3, no pores in left anterior genital plate. Petals long, straight,
open. Periproct marginal, longitudinal, slight groove extending adorally..
Peristome slightly higher than wide. Bourrelets strongly developed, inflated ;
phyliodes slightly widened ........ ..o Studeria

Genital pores 4, no pores in posterior genital plate............... ...t 5

5. Petals broad, closing distally, with broad interporiferous zones. Peristome trans-
verse, anterior, large, subpentagonal. Phyllodes single pored, with two or
sometimes three series of pores in each half-ambulacrum. Periproct marginal,
longitudinal, slightly visible from above or below .............. Gitolampas

Petals broad, closing distally, narrow poriferous zones. Peristome anterior, penta-
gonal, usually with rim around opening. Phyllodes single pored, narrow,
few occluded pores. Periproct marginal, longitudinal ............ Ilarionia.

There are fossil representatives of the genera Gitolampas and Studeria in our

collection. [Ilarinoia yoshiwarai LoriOL, 1902, from the Bonin Islands, as described in
the preceeding, has been removed from the family and referred to the Cassidulidae.

Genus Gitolampas GAUTHIER, 1889

Gitolampas GAUTHIER, 1889-a, p. 98.—LAMBERT and THIERY, 1921, p. 368—(subgenus ad
Echinanthus).—LAMBERT and THIERY, 1924, p. 397.—MORTENSEN, 1948—a, p. 250, text-
figs. 236a-c.—KIER, 1962, p. 207, text-figs. 171-175.
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Haplotype.—Pliolampas tunetana GAUTHIER, 1880-a, p. 99, pl. 6, figs. 7-9 (Campanian of
Tunisia).—Gitolampas tunetana (GAUTHIER): KIER, 1962, p. 210, text-figs. 175, pl. 42,
figs. 1-6 (holotype and others-Eocene).

Echinanthus [BREYNIUs] D’ORBIGNY, 1854, pp. 18, 21 (BRrREYNIUS, 1732, p. 59, pre-Linnean).—
D’ORBIGNY, 1853-55 (54), p. 291.—DEsor, 1855-58 (57), p. 292.—LorioL, 1875, p. 54.—
ZITTEL, 1879, p. 530.—A. AcGassiz, 1881-a, p. 122.—PoMEL, 1883, p. 61.—CoTTEAU, 1885-89
(88), p. 553.—DuncaN, 1889-a, p. 183.—LAMBERT and DoxciEux, 1905, p. 141.—LAMBERT,
1908-b, p. 364.— LaMBERT and THIERY, 1921, p. 366.—MORTENSEN, 1948-a, p. 240, text-
figs. 226a-c (complete synonymy).—TERMIER and TERMIER, 1953, p. 919.

Logotype.—Cassidulus scutelle LAMARCK, 1816, p. 35.—Echinanthus scutella (LAMARCK) :
CoTTEAU, 1885-89 (88), p. 580, pl. 169, fig. 4, pls. 170-172 (Priabonian of Verona, Italy).
[LaMBERT and THIERY, 1921, p. 366].

Non Echinanthus LEsKE, 1778, p. 121.—KIER, 1962, p 226.

Logotype.—Echinanthus ovatus LEskE, 1778, p. 127, pl. 20, figs. C, D. (The specimen now
lost ; the figure is so poor that it is not possible to know most of the generic characters
of the species-KiER). [KIER, 1962, p. 226].

Nec Echinanthus LEskE, 1778, pp. xix, 185 (including Clypeaster humils, Cl. altus, not in
Brevynius).—Gray, 1825, p. 427.—GRrAy, 1855-a, p. 4.—A. Acassiz, 1872-74, pp. 106, 310.—
Echinantus LEsSkE : PomEL, 1883, p. 61.

Logotype—Echinus rosaceus, LINNAEUS, 1758, p. 665 (Ech. humilis LEskE, 1778, p. 185, p.p.)
[Gray, 1851, p. 56].
Echanthus CookE, 1942, p. 37.—CooKE, 1959, p. 62 ¢(emended name for Echinanthus BREYNIUS).
Orthotype.—Echinanthus georgiensis TwiTcHELL in CLARK and TwiTCHELL, 1915, p. 139,
pl. 65, figs. la-d.—Echanthus georgiensis (TwitcHELL): CoOKE, 1959, p. 62, pl. 26, figs.
13-16 (holotype).—Gitolampas georgiensis (TwiTcHELL) KIER, 1962, p. 211, text-fig. 172,
pl. 40, figs. 3-5 (holotype). (For other synonyms see KIER, 1962, pp. 207, 211, 211).

Forms of medium size, of oval, elongate or more rounded outline, often with
pointed posterior extremity, rounded margin. Aboral side low-arched, oral side flat-
tened. Apical system subcentral or anterior, monobasal, with four genital pores.
Petals well developed, broad, usually closing distally, with broad interporiferous zones,
poriferous zones of same petal of same length; pores conjugate, outer pores elongate
but not slit-like; ambulacral plates beyond petals single pored. Periproct small,
marginal or supramarginal, longitudinal, in a small but distinct groove. Peristome
subcentral or anterior, transverse, subpentagonal. Bourrelets well developed, vertical
walled ; phyllodes broad, single pored, with two or sometimes three series of pores
in each half-ambulacrum ; buccal pores present. Tubercles perforate crenulate (from
MORTENSEN, 1948-a, and KIER, 1962).

From the Upper Cretaceous (Senonian) to Miocene of Europe, Madagascar, North
Africa, India, Japan, and the United States.

There has been considerable controversy, among paleontologists and neontologists,
over the generic name Echinanthus. The paleontologists, following the oid definition
.of Echinanthus by BREYNIUS (pre-Linnean) and later ones by D’ORBIGNY and DESOR,
have associated the term with the Cassiduloid ; the neontologists have either associated
the term with all the Clypeaster, or have used it, following A. AGASSiz (1872-74,
pp. 106, 310), for the tumid Clypeaster particularly. MORTENSEN (1948-a, pp. 240-243)
credited, standing on paleontologist’s side, Echinanthus to BREYNIUS, and used it for
a cassiduloid, with Ech. scutella as the type-species. KIER (1962, p. 226), however,
claimed that this generic term must be credited to LESKE, the first post-Linnean
author, and he designated LESKE’s fourth species, Ech. ovatus, as the type-species.
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KIER also stated that, although Ech. ovatus is said to be identical with Echinolampas
oviformis, LESKE’s figure of it is so poor that it is not possible to known most of
the generic characters of the species. Because of this procedure the generic term
Gitolampas takes the place of Echinanthus used by many paleontologists, and the
generic term Echinanthus must be referred to incertae sedis.

Gitolampas is very similar to [larionia, but differs in having more developed
phyllodes and bourrelets. In Gitolampas the phyllodes are widened with a regular
inner series of pores in each half-ambulacrum, whereas in Ilarionia they are narrow
with very few occluded pores, and in the latter there is usually a rim surrounding
the peristone.

This genus flourished in the Eocene of Europe, and the occurrence of a new
species in northern Japan is noteworthy.

Gitolampas sendaica NISIYAMA, n. sp.
(P 30, figs. 3, 5-7)

Holotype.—1GPS coll. cat. no. 35003.

Locality and geological horizon.—IGPS loc. no.—Mi-52.—A small valley, north of
Moniwa electric power-house, Oide-mura, Natori-gun, Miyagi Prefecture. (tm Sendai,
Lat. 38°13’N., Long. 140°47/26”E.), Moniwa formation, Miocene.

There are seven specimens referable to this new species at hand, ranging from
35mm to 40 mm in longitudinal diameter, of which the best preserved one is selected
as the holotype.

Test of medium size; marginal contour oval, well rounded in anterior margin,.
broadest posteriorly, subrostrate and truncate at the posterior extremity; margins.
rounded and tumid; longitudinal profile shows a gentle posterior slope and a more
inclined and rounded anterior one; transverse profile overhangs periproctal region and.
an area below the periproct almost vertical; adoral surface slightly concave towards:
the peristome.

Dimensions of the holotype; 39 mm in longitudinal diameter, 35 mm in transverse,.
and 25 mm in height.

Apical system eccentric to front, situated at 17 mm from the anterior margin, 3
mm long and 3mm wide; monobasal, four genital pores large, ocular pores very
small, madreporite large; highest point of test just posterior of the apical system.

Petaloid area rather small, about 0.7 of the aboral surface; petals rather short.
and rather broad. Frontal petal (III) 13 mm long and 4 mm wide, slightly longer and
narrower than paired petals; poriferous zones rather narrow, about 1.5mm wide at
the broadest point, having about 35 pore-pairs on both sides; pores subequal, con-
jugate, the inner pores more or less round, groove being oblique and distinct; inter-
poriferous zone very narrow, about 1 mm wide at the broadest point. Antero-lateral
petals (Il and 1V), 12mm long and 4.5 mm wide, angle between median line of the
frontal petal (III) and those of the antero-lateral petals (Il and IV) about 55°; pori-
ferous zones somewhat unequal, outer poriferous zones more or less broader and
longer than the inner, having'about 28 pore-pairs in outer poriferous zone; poriferous.
zones slightly sunken; extremities open; pores somewhat unequal, the inner pores
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round and the outer elongate-oval, conjugated by a very distinct groove, ridge be-
tween two pore-pairs with a row of granules; interporiferous zone narrow, slightly
raised, about 1 mm wide at the broadest point, and with 2 or 3 longitudinal series
of granules. Postero-lateral petals (I and V) also 12mm long and 4.5mm wide,
angle between median lines of the petals (II and 1V) and those of the postero-lateral
petals (I and V) about 90°, and angle between median line of the petal (I) and that
of the petal (V) about 60°; poriferous zones more or less unequal, inner poriferous
zones somewhat broader, longer and more curved than the outer; having about 30
pore-pairs in the inner poriferous zones; poriferous zones slightly sunken ; extremities.
open; pores unequal, the inner pores round and the outer elongate-oval, conjugated
by a distinct groove, ridge between two pore-pairs with a row of granules; inter-
poriferous zones narrow, slightly raised, about 1 mm wide at the broadest point, and
with 2 or 3 longitudinal series of small granules.

Fig. 26 [1]. a. Floscelle of Gitolampas sendaica NisI-
YAMA, n. sp., x1.8 (more or less diagramatically figured).

b. Phyllode of Gitolampas scutella (LAMARCK, 1316),
x3 (for comparison) (after HAwkIns, 1918).

Peristome very eccentric to front, situated at about 14 mm from the anterior
margin, elongate transversely, pentagonal and rather small, 4 mm wide and 3 mm
long, amount of angularity large; actual margin very deep, plunging upwards nearly
vertically. Phyllodes more or less well developed contrary to general feature of the
genus, widening and depressing largely and then contracting with a rather sharp
curve as they approach margin of the peristome; plates rather short and broad,
and pores consequently closely placed; pores rather large, sunken in little cavities,
punctured between sutures of two neighbouring plates; 4 mm wide and about 6 mm
long, frontal ambulacrum (I1I) a little smaller ; a double series of supplementary pores,
6 to 9 in number, present within the phyllode. (Fig. 26 [1] a). Interradial peristomial
plates form more or less well developed large bourrelets, which are more or less
bombous, and with a slight crest rim, whole peristomial ring granulated with minute
tuberculation.

Periproct moderately large, oval, elongate longitudinally, 4 m long and 3 mm wide,
situated at the extreme top of posterior truncation, upper margin overhang and
lateral margins slightly carinate, whilst lower margin has a small but distinct groove,
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which dies out as it passes over the margin onto the adoral surface. Median inter-
radial portion of the posterior interambulacrum (5) subcarinate in neighbourhood of
orifice.

Fractured specimens show a rather thick test, over 1.5 mm thick on the aboral
side, but on the adoral side slightly thinner, and no arrangement of internal pillars
or doubling of walls.

Distinction.—This new species resembles Gitolampas wrighti (COTTEAU, 1856)
(Rhynchopygus wrighti COTTEAU in LEYMERIE and COTTEAU, 1856, p. 333.— Echin-
anthus wrighti (COTTEAU) COTTEAU, 1885-89 (89), p. 618, pl. 194, figs. 1-10), from the
Eocene of France, but differs from that species by having narrower test, shorter
petals, well developed floscelle, and by the truncation of the posterior end. Git.
sendaica is also related to Git. scutella (LAMARCK, 1816) (loc. cit.), from the Priabonian
of Italy and Germany, but differs, as the writer has found in comparing this species
with Git. scutella from the Eocene of Germany side by side, in having the smaller
and higher test, position of the periproct, and in the larger phyllodes. This new
species also resembles Git. intermedia (DUNCAN and SLADEN, 1884) (Echinanthus inter-
medius DUNCAN and SLADEN, 1884, p. 144, pl. 32, figs. 4-8), from the Nummulitic
strata (Eocene) of Western Sind, India, but differs from that species by having the
higher test, broader poriferous zones in petals, well developed floscelle, and by the
shorter periproct.

Genus Studeria DUNCAN, 1889

Studeria DUNCAN, 1889-a, p. 185.—LAaMBERT and THiEry, 1921, p. 372.— H.L. CLARK, 1946,
p. 357.—MORTENSEN, 1948-a, p. 233, text-figs. 217a-b, 218a-c (complete synonymy).—
KIER, 1962, p. 216.

Haplotype.—Catopygus elegans LAUBE, 1869, p. 190, pl. 8, figs. 8-8c (Miocene of Australia).

Tristomanthus BITTNER, 1892, p. 355.—KIER, 1962, pp. 216, 218 (as a synonym of Studeria).

Logotype.—Nucleolites subcarinatus GoLDFuss, 1826-33 (29), p. 142, pl. 143, fig. 10.—Studeria
subcarinata (GoLpFuss): KIER, 1962, p. 218, pl. 41, figs. 6-9, text-fig. 178 (Oligocene of
Westphalia, Germany). [LAMBERT, 1906, p. 41].

Phaleropygus Lorior, 1902, p. 15—LaMBERT and THiERY, 1921, p. 372 (as a synonym of
Studeria).—MORTENSEN, 1948-a, p. 372.—KIER, 1962, p. 217.

Haplotype.—Phaleropygus oppenheimi Lorior, 1902, p. 15.=Echinanthus meslei GAUTHIER :
CoTTEAU, 1882-83 (83), p. 88, pl. 10, figs. 19-20 (Miocene fossil).

Hypselolampas H.L. CLARK, 1917, p. 104—H.L. CLARK, 1925, p. 181.— KIER, 1962, p. 217 (as
a synonym of Studeria).

Orthotype.—Catopygus recens A. Acassiz, 1879, p. 204.—A. Acassiz, 188l-a, p. 123, pl. 20,
figs. 17-21 (Recent, off Kei Islands).

Forms of small to medium size, elongate, without depression in anterior margin,
pointed or slightly truncated posteriorly. Aboral side moderately arched, oral side
flattened and depressed around peristome adorally. Apical system anterior, mono-
basal, three genital pores, no pores in left anterior genital plate (3). Petals well
developed, long, straight, extending almost or nearly to margin, open, ad jacent pore-
pairs usually widely open; ambulacral plates beyond petals single pored. Periproct
marginal, longitudinal, with slight groove extending adorally. Peristome anterior,
slightly higher than wide. Bourrelets very strongly developed, inflated; phyllodes
slightly widened, single pored, with few pores; buccal pores present. Aboral tubercles
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slightly larger than adoral one; no naked granular zone in the posterior interam-
bulacrum (5) (after KIER, 1962).

From the Oligocene to Recent, of Europe, Egypt and Australia, living in the
Pacific Ocean.

As for the type-species of the genus, although MORTENSEN (1948-a, p. 234), along
‘with earlier authors, cited Catopygus recens A. AGAssiz, 1879, as the type, Catopygus
elegans LAUBE, 1869, as in citation of LAMBERT and THIERY (1921, p. 372), must be
made the type-species of Studeria, as clearly pointed out by H.L. CLARK (1946, p.
:357) and KIER (1962, p. 216).

The generic statute of Studeria is uncertain. Studeria is similar to Pliolampas
in having open petals, similar development of phyllodes, and a higher than wide
peristome; in the number of genital pores, moreover, it is common with some species
-of Pliolampas, which has three or four genital pores. Studeria differs from Plio-
lampas in having a marginal periproct, instead of inframarginal periproct of Plio-
lampas, and more developed bourrelets. These differences, however, according to
KiEr (1962, p. 217), perhaps are not of sufficient importance to warrant maintence of
Studeria from Pliolampas. The genus Oligopodia (DUNCAN, 1889-a, p. 176.—Orthotype.
—Nucleolites epigonus MARTENS, 1865, p. 143.—Oligopodia epigonus (MARTENS): MOR-
TENSEN, 1848-a, p. 228, pl. 1, figs. 5-13, pl. 12, figs. 13-14, 17, 19, 24, text-figs. 211-214,
215a-b, 216) is one of closely related genera of Studeria. Oligopodia is characterized
by having four genital pores, a supramarginal periproct in a furrow at posterior
-end of test, about equal-sized pores of petals, a well developed floscelle, and a higher
than wide periproct. The difference from Studeria is found only in the number of
genital pores and the position of periproct. The difference of position of periproct,
however, is very small as is shown by the type-species of both genera, as in Olig.
epigona the periproct is supramarginal and in longitudinal groove, while in Stud.
elegans terminal, well on truncate and somewhat overhanging near the end of the test;
moreover, in Stud. subcarinata (the type-species of Tristomanthus) it is posterior
terminal in a groove. The number of the genital pores in Olig. epigona four, whereas
in the species of Studeria, viz., elegans, subcarinata, and recens, three. In the species
of Pliolampas, as clearly shown by KIER (1912, pp. 193-194), the number of the genital
pores is three or four, and he claimed that the difference of number in the Pliolampas
should not be used for a criterion of generic, or even of specific, distinction. If the
difference of number of the genital pores between Oligopodia and Studeria is similar to
the case of Pliolampas, the two genera should be united into one; but, if the difference
between the living species of the two genera, viz., Olig. epigona and Stud. recens,
would be constant and definite, it is necessary to reconsider the relation. By the
writer’s observation on the specimens of Olig. epigona (MCZ nos. 2697, 2757) and Stud.
subcarinata (USNM 6338998) it is found that there is a difference of the tuberculation
on the poriferous zones between them. In Olig. epigona a small secondary tubercle
is placed near perradial suture and three or four miliaries are irregularly arranged
on each plate, whereas in Stud. subcarinata three or four miliaries only make a row
near the adapical suture and above the pore-pair. Perhaps this difference is not of
importance to warrant distinction of the two genera. The writer prefers, as in the
circumferences as mentioned above, that Studeria is a distinct genus which differs
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from Pliolampas in having a marginal periproct and more developed bourrelets, on
the one hand, and from Oligopodia in having three genital pores.

Studeria okinawa (COOKE, 1954)

Oligopodia okinawa COOKE, 1954, p. 49, pl. 12, figs. 7-10.—Studeria okinawa (CookE) NISIYAMA,.
1965, p. 78.

This species is described by COOKE (1954, p. 49) on the specimen derived from
the Naha Limestone (Pliocene) of the Okinawa Island, and now deposited in the
United States National Museum (USNM 561567).

Although COOKE assigned the species to Oligopodia, because of having the three
genital pores (lacking in left anterior genital (3)) and a terminal periproct, at the
posterior truncation in a groove, it may be referred to Studeria. The tuberculation
on the poriferous zones, by the writer’s observation on the holotype, consists of only
miliary tubercles in a row and resembles that of Stud. subcarinata. The charac-
teristic tubercles of this species described by COOKE as being apparently imperforate
and not crenulate, may be owing to either the bad condition of preservation or to:
the senile stage that atrophy the normal condition.

This is a large-sized form for the genus and resembles Stud. javana (JEANNET,
1937) (Pliolampas (Tristomanthus) javana JEANNET in JEANNET and MARTIN, 1937, p.
267, text-figs. 46a-d), from the Pliocene of Java. This species, however, differs from
that species in having a central peristome and straighter and narrower poriferous.
zones. This species also distinguished from Stud. minuta (HERKLOTS, 1854) (Nucleo-
lites minutus HERKLOTS, 1854, p. 10, pl. 5, figs. 8-8b.—Pliolampas (Tristomanthus)
minutus (HERKLOTS) JEANNET and MARTIN, 1937, p. 207), from the Upper Miocene of
Java, by having a larger test, a central peristome and narrower poriferous zones.

Order CLYPEASTEROIDA A. Acgassiz, 1873

Clypeasteroideae A. Acassiz, 1872-74(73), p. 309.—Cr aus, 1880, p. 358.—Clypeastroida DUNCAN,.
1889-a, pp. 25, 143.—MEISSNER, 1904, p. 1380.—HawkINs, 1912-a, p. 492.—LAMBERT and
THIERY, 1914, p. 287.—HAwKINS, 1920, p. 420.—MORTENSEN, 1948-c, p. 1.—TERMIER and
TERMIER, 1953, p. 923.—Nisivama, 1954, p. 327 (in Japanese).—Clypeasteroida L. Acassiz =
DurHAM, 1955, p. 113.—Clypeasteroida A. Acassiz: DurRuaM and MELVILLE, 1957, p. 259.
—PuiILip, 1965, pp. 52, 58.

Clypeastrina JACKSON, 1912, p. 204 (suborder).—H.L. CLaRrK, 1914, p. 9.—H.L. CLARK, 1938,
p. 148.—GrRANT and HERTLEIN, 1938, p. 41.—H.L. CLARK, 1946, p. 334.

Type-family.—Clypeasteridae Acassiz, 1836.

Forms of very varying size, from very small (the Fibulariidae) to very large (the
Astriclypeidae). Test usually flattened, or depressed, usually with well developed,.
often very stong internal skeletal supports, rarely obsolete. Ambulacra wider than
the interambulacra on adoral surface, usually distinctly petaloid adapically; petals.
usually without or with demi-plates; no phyllodes adorally. Small secondary tube-
feet (pores), often in very great number, mainly along the limits between the am-
bulacral plates, or even extending over the interambulacral plates. Interambulacra
continuous or discontinuous on adoral surface, terminated adapically by a single (or
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a series of single plates) or a pair of plates. Apical system usually subcentral or
sometimes distinctly posterior, rarely anterior, monobasal; genital pores four or five,
exceptionally six. Periproct varying in position, from supramarginal to marginal,
inframarginal or on oral surface, never contiguous with the apical sysiem. Peristome
usually central, small, without gill-slits or external gills; but ambulacral gills only.
Base of corona usually not resorbed. Masticatory apparatus well developed, but
without compasses. Lantern procumbent, highly modified, teeth keeled, foramen
magnum very shallow, small epiphyses and braces. Pyramids usually with ridges
on lateral flanges. Perignathic girdle consisting of auricles only, separate on am-
bulacral, or fused on interambulacral plates. Radioles simple, small, usually very
numerous, not arranged in vertical series, usually differentiated into primaries and
miliaries. All four types of pedicellariae presented, but globiferous pedicellariae
found only in the genus (or subgenus) Fibulariella. On the whole the pedicellariae
are rather inconspicuous, in the more progressed forms (most the Scutellidae and
Astriclypeidae) bivalved. Spheridia single, in the ambulacral midline, close to the
peristome and usually wholly concealed in the calcareous skeleton. The living tissue
turns green on being damaged or dying (mainly after MORTENSEN, 1948-c).

From the Upper Cretaceous (Senonian) to Recent.

It is formerly postulated that there is ground for the belief that the Clypeasteroida
arose from the Holectypoida (particularly the Discoidiidae) of the primitive exocycloid
group. This is assumed in the apical system, the structure of the ambulacra, the
presence of internal radiating walls, the structure of lantern that lack of a compass,.
but the teeth are characteristic as they lack the lateral flanges present on all other
keeled teeth, and in the perignathic girdle. The supposed evidence in support of
this belief has been set forth briefly by Jackson (1912, p. 217) and detailed by HAW-
KINS (1920, pp. 461-466), and further by MORTENSEN (1948-c, pp. 164, 349, 356) have
come to the same conclusion (but partly) through their researches on various forms.
of the order. On the contrary, DURHAM (1955, pp. 114-177) opposed to the derivation
of the Clypeasteroida as a whole from the Discoidiidae of the Holectypoida, as pro-
posed by HAWKINS and others, and he also stated that a possible ancestral form of
the Clypeasteroida has not been recognized. Whereas DURHAM and MELVILLE (1957,
text-fig. 8 on page 265) postulated the derivation of the Clypeasteroida from the
Holectypidae of the Holectypoida by showing a suggested phylogeny of their super-
order Gnathostomata. Another attention of the origin of the Clypeasteroida should
be directed to the crystallographic orientation of the calcite of echinoid test, as
made by RAUP (1962, 1966). RAUP found that the c-axis is tangentially disposed in
the Discoidiidae of the Holectypoida, and perpendicularly in all the Clypeasteroida.
This crystallographic data do not support the direct derivation of the Clypeasteroida
from the Discoidiidae, while in the other families of the Holectypoida some have
perpendicular c-axis (i.e., the Holectypidae) and the others show P—T orientation
(i.e., the Conulidae), so the crystallographic data by themselves do not absolutely
preclude the derivation of the Clypeasteroida from the Holectypoida, as a whole.

The Clypeasteroida seem to be one of the most specialized sea-urchins, as exhi-
bited by their complex structures of test, young geological occurrence, comprising
numerous and various forms flourishing vigorously in the present days, particulary
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in the Pacific Ocean. They also seem to correspond with the Echinoida of the other
specialized sea-urchins in the development of the Echinoidea as a whole.

MORTENSEN (1948-c) divided the order into two suborder, viz., Clypeasterina with
separate radial suricles and demi-plates within the petals, and Laganina with fused
interradial auricles and lacking demi-plates within the petals. DURHAM (1955-c, p.
p. 117) and DurHAM and MELVILLE (1957, p. 259) divided the order into four, twice as
numerous as the suborders of MORTENSEN, by considering of the characters of the head
-of the interambulacra, the auricles, the basicoronal plates, the madreporite, the miliary
radioles, the spicules in the sucking disc of the tube-feet, the discontinuity of the
interambulacra, and the arrangement of the plates within the petals, together with
the known geologic record, viz., Clypeasterina, Laganina, Scutellina, and Rotulina.
PHILIP (1965, pp. 52-53) adovated MORTENSEN’s grouping of the Clypeasteroida. PHILIP
stated that the two groupings of MORTENSEN still appear to provide the fundamental
morphological and phylogenetic division of the order, although some representatives
-of the Laganina of MORTENSEN are now known to possess ambulacral demiplates,
i.e., the Neolaganidae. The writer herein prefers DURHAM’s groupings of the
order, except the Rotulina that small group and almost unfamiliar to the writer, as
in the case in the order Echinoida divided into two, the Temnopleuroina and Echi-
noina, and recognize the three, viz., the Clypeasteroina, Laganoina, and Scutelloina.
‘The three suborders are discriminated from one another as shown by the following
key.

Key to the suborders of the Clypeasteroida

1. Auricles fused, interradial in POSItION .......v.iiuiiiriiiiiiii it iieineennn. 2

Auricles separate, radial in position. Petals with complex structure and reduced

(or demi-) plates. Interambulacra discontinuous on adoral surface, terminated

adapically by a pair of plates ............c.ciiiiiiiiiiiian, Clypeasteroina

2. Petals with or without reduced (or demi-) plates. Interambulacra continuous on

adoral surface, terminated adapically by a single or a series of single plates

.................................................................. Laganoina

No reduced (or demi-) plates within petals. Interambulacra continous or discon-

tinuous on adoral surface, terminated adapically by a pair of plates. Oral

ambulacral furrows usually present .............cccoviiiiiiinnn. Scutelloina.

There are fossil representatives of these suborders, the Clypeasteroina, Laganoina,
and Scutelloina, in our collection.

Suborder CLYPEASTEROINA A. Acassiz, 1873

Clypeastrina GREGORY, 1900-b, p. 316 (pro parte).—MORTENSEN, 1948-c, pp. 3, 5.—TERMIER
and TERMIER, 1953, p. 923.—Clypeasterina L. AGassiz: DurnaMm, 1955, p. 117.—Clypeaste-
rina A. AGassiz: DurHAM and MELVILLE, 1957, p. 259.—PHiL1p, 1965, p. 58.

Test usually flattened or apically elevated, with usually complex internal sup-
ports. Plates of petals “compound ” with alternating primary component and demi-
plate components, simple outside the petals. Interambulacra discontinuous on adoral
surface, terminated adapically by a pair of plates. Apical system pentagonal or
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stellate, apices interambulacral; genital pores five or four; madreporite large, with
numerous. hydropores. Auricles separate, radial in position. Periproct inframarginal
to supramarginal. Aboral miliary radioles simply serrate, not terminating in a crown
or in a sac of glandular skin (mainly after DURHAM, 1955).

From the Eocene to Recent.

In this suborder, the auricles of each ambulacrum are not only distinct but also
well separated from each other. In the other suborders, i.e., the Laganoina and the
Scutelloina, the right hand auricle of one ambulacrum and the left hand auricle of
the adjoining ambulacrum have become more or less completely transposed onto the
separating interambulacral plate and are more or less completely fused into a single
upright piece. This migration of the auricles is the most notable feature, as already
pointed by HAWKINS (1918-a), of the Clypeasteroid morphology.

The modification of ambulacral structure within the petals found among the
Clypeasteroida is capable of reference to roughly three types. The first type, which
may be termed ‘clypeasteroid’, shows the plates of petals are of great height, and
are arranged on the plane of alternating a primary and demi-plate components (text-
figs. 27 [2] a-b). The second type, which may be termed ‘ Neolaganid’ or ‘triad’, as.

Fig. 27 [2]. Ambulacral structure of Clypeaster japonicus
D6DERLEIN, 1885.
a. A part of petal IIla, plates 2nd to 5th from the
apical system, x8.
b. A part of petal IVa, plates 13th to 15th from the
apical system, x4.

clearly noticed by DuRHAM (1955, pp. 117, 144, text-figs. 27a, c, on page 123), consists:
of a primary and two demi-, or occluded, plate components, but on some places within
the petals ‘clypeasteroid’ type may occur. The
third type, which may be termed ‘scutellid’ (or — _ \x
laganid), has petals composed of very great SN :
number of excessively slender primary plates B RN
(components) only (text-fig. 28 [3]). The primi-
tive form of the third type, which may be :
termed ‘fibulariid’, shows short and not very Fig. 28 [3]. Ambulacral struc-
.. .. ture of Peronella japonica MORTEN-
marked petals containing large, similar pores sEx, 1948,
set in distant series owing to the considerable Distal part of the frontal ambulacrum.
height of the plates (or components). The ‘fibu- (III) on aboral side, xca 2.
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lariid’ and ‘scutellid’ (or laganid) types are alike in the simplicity of their plating,
and the latter is clearly the morphogenetic outcome of intensification of the tendencies
present in the former, as is shown by the ontogenetical development of the latter type.

The arrangement of interambulacral plates in both the adapical and adoral ends
is the another character of the order Clypeasteroida. In the Clypeasteroida, where
the interambulacrum adapically adjoins the genital plates, there are usually two
small plates to be seen side by side, terminating the two columns of interambulacral
plates as usual. Whereas in the Laganidae and others, one of this pair greatly
outstrips the other in growth and comes ultimately to occupy the entire adapical
end of the interambulacrum, terminating a single plate or a single column of inter-
ambulacral plates unusual. Among the Clypeasteroida the adoral end of the inter-
ambulacrum may undergo a curious change during growth and time. In the primi-
tive forms (e.g., Echinocyamus and Fibularia) the basicoronal plates, the oldest plates
of the test outside the apical system, are relatively undifferentiated, that is the pri-
mordial interambulacral plate remains in the basicoronal row, being followed by a
pair of large second (or first post-basicoronal) interambulacral plates of almost equal
size, making what is called a “ continuous interambulacrum ” (N1siyama, 1940, p. 811).
Whereas in the specialized and most of the Recent forms either the ambulacral (text-
fig. 29 [4]) or the interambulacral plates may become greatly enlarged at the expense
of the other, and to have the post-basicoronal inter-
ambulacral columns separated from the basicoronal
row, making what is called a “discontinuous inter-
ambulacrum ” (Nisiyama, 1940, p. 811).

The difference in the termination of the aboral
miliary radioles in the two types is another noticeable
character of the Clypeasteroida. The difference is
clearly shown by MORTENSEN (1948-c, p. 3). In the
first type of the Clypeasteridae the aboral miliary
radioles simply serrate and not terminate in a crown
or in a sac glandular skin (MORTENSEN, 1948-c, text-
fig. 2a on page 3), while in the second type of the

Fig. 29 [4]. Structure of Laganidae and the others the aboral miliary radioles
oral  surface of Clypeaster  terminate in a crown or in a glandular bag (MOR-
J:jgogwus DoperLEIN, 1885, TENSEN, 1948-c, text-figs. 2b-c on page 3). But un-

fortunately this cannot be readily applicable for fossil
forms. The ambulacral structure of petals, the structure of auricles, the character
of adapical and adoral termination of interambulacral plates and others of the Clype-
asteroida seem to have a triple (or more) morphogenetic origin.

The suborder Clypeasteroina make a well defined group and distinct from other
suborders. They comprise two families, the Clypeasteridae AGassiz, 1836, and the
Arachnoididae DUNCAN, 1889, are discriminated from each other as shown by the
following key.
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Key to the families of the suborder Clypeasteroina

1. Genital pores 5. Oral ambulacral furrows simple, poorly defined ; secondary tube-
feet (ambulacral pores) spread irregularly in great number over the ambulacral
plates; no “combed” areas. Tubercles uniform, not aranged in regular
series, both on the oral and the aboral side. Buccal membrane naked ......
.............................................................. Clypeasteridae

Genital pores 4. Oral ambulacral furrows simple, well defined, continuing to the
apical system; secondary tube-feet outside in dense oblique series (or “com-
bed ” areas), restricted to ambulacral areas. Tubercles partly arranged in
regular oblique series. Buccal membrane plated ............ Arachnoididae.

The fossil representatives of the family Clypeasteridae in our collection.

Family CLYPEASTERIDAE AGASSIZ, 1836

Clypeastres Acassiz, 1836, pp. 170, 182, 185 (pro parte).—Clypeasteridae AGassiz: D’ORBIGNY,
1852, p. 121 (pro parte).—Clypeastridae AcGassiz: Duncan, 1889-a, p. 148.—CoTTEAU,
1889-94(91), p. 224.—GREGORY, 1900-b, p. 318.—H.L. CLARK, 1914, p. 19.—LAMBERT and
THIERY, 1914, p. 297.—KoOEHLER, 1922, p. 10.—H.L. CLARrK, 1925, p. 148.—GRANT and
HERTLEIN, 1938, p. 46.—H.L. CLARK, 1946, p. 335.—MORTENSEN, 1948-c, p. 6.—TERMIER
and TERMIER, 1953, p. 923.—Clypeasteridae Acassiz: Durnam, 1955, p. 118.

Euclypeastridae HAECKEL : A. Acassiz, 1872-74, pp. 375, 620 (pro parte).

Echinanthidae A. Acassiz, 1872-74, pp. 376, 620.—TENisoN-WooDs, 1878, p. 168 (partim).

Type-genus.—Clypeaster LaMARCK, 1801.

Test medium to very large, low or more or less high vaulted; edge usually
tumid or more or less sharp; oral side flat or concave orally. Ambulacra adapically
petaloid, on the oral side reduced to poorly defined simple furrows, but small secon-
dary tube-feet (ambulacral pores) spread irregularly in great number over the am-
bulacral plates adjoining the furrows. No phyllodes. Interambulacra discontinuous
on the adoral surface; the ambulacral plates adorally joining in the midline of the
interambulacra, so as to separate the primordial interambulacral plate from the fol-
lowing post-basicoronal paired plates (text-fig. 29 [4]). Exceptionally the interam-
bulacra may be swollen adorally so as to form bourrelets (infundibulum). Test
with usually strongly developed inner supports, with needles, pillars, and other pro-
cesses extending from floor to roof, especially near the edge of the test; sometimes
these are fused to form concentric partitions, and the ambulacra may also be pro-
tected by an inner wall. Apical system central, 5 genital pores. Periproct usually
inframarginal, or marginal. Peristome central, usually sunken, there being a more
or less conspicuous oral infundibulum. Peristomial membrane naked, but containing
small irregularly star-shaped spicules. Masticatory apparatus strongly developed;
auricles double, on each ambulacrum. Tuberculation dense, uniform, the primary
tubercles perforate, more or less distinctly crenulate. Primary radioles short, more
or less setiform, sometimes widened and flattened distally; miliary radioles short,
fine, not crown-shaped, usually serrate throughout. Pedicellariae of the tridentate,
triphyllous, and ophicephalous types (mainly after MORTENSEN, 1948-c).

From the Middle Eocene to Recent.
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As to the origin and the affinities of the Clypeasteridae, much discussions are
made by previous authors, such as HAWKINS (1912, p. 492; 1920, p. 436), MORTENSEN
(1948-c, pp. 18-19), and DUurRHAM (1955, pp. 114-116), but in the present state of our
knowledge there is no positive evidence to tell with certainty the derivation of them.

Species of this family are very abundant particularly in the Tertiary. The
fossil record is especially notable in the circum-Tethyan and Caribbean-Gulf of Mex-
ico areas. According to MORTENSEN (1948-c, p. 19) there are more than 355 named
fossil species and 30 living species that have been referred to the family. Because
of this large number of species and the great morphologic diversity of them several
attempts have been made to divide the family into genera, subgenera or sections,
and more than 30 taxa of genus-groups or supraspecific ones have been proposed.
LAMBERT and THIERY (1914, pp. 297-310) divided the family into four genera and
fourteen sections under the genus Clypeaster. CHECCHIA-RISPOLI (1923-a, 1925-a),
MORTENSEN (1948-c), ROoMAN (1952), and a few others (e.g., SANCHEz RoIG, 1952-a)
tried to revise some supraspecific taxa among these names and to reduce them in
number, e. g.,, MORTENSEN (1948-c) lumped up many of these sections into a single
genus, but still recognized 10 sections under the genus. All these sections, sub-
genera, even genera, according to DURHAM (1955, p. 118), are based on characters
too variable to be of supraspecific distinction, as the variations grade into one another
without any observable breaks, as in the case of Echinolampas (KIER, 1962, p. 107).
Accordingly, DURHAM (1955, p. 118) claimed that it seems best to recognized only a
single genus, Clypeaster, and to reduce all the other supraspecific taxa to synonyms,
and seems highly probable that the number of named fossil species should be greatly
reduced, many being merely variants of morphologically highly variable species. To
this procedure the writer quite agrees.

Genus Clypeaster LAMARCK, 1801

Clypeaster LaAMARCK, 1801, p. 349 (non DEjJEAN, 1821).—LAMARCK, 1816, p. 12.—BLAINVILLE,
1834, p. 216.—DeEsmouLINs, 1835-37(35), p. 15.—AcaAssiz, 1836, p. 187(16).—Acassiz and
DEsoR, 1847, p. 129.—PuiLippl, 1951, p. 321.—GRrAY, 1855-a, p. 3.—DESsOR, 1855-58(58), p.
329.—MICHELIN, 1861-a, pp. 101-145.—WRIGHT, 1864, p. 476.—A. Acassiz, 1872-74(72), p.
306.—PoMEL, 1883, p. 68.—DuncaN and SLADEN, 1883, p. 11.—DunNcaN, 1889-a, p. 151.—
CoTTEAU, 1889-94(91), p. 226.—H.L. CLARK, 1911, p. 604.—LAMBERT, 1912-b, p. 86.—H L.
CLaRrk, 1914, p. 20.—LAMBERT, 1914-b, p. 275.—LAMBERT and THIERY, 1914, p. 298.—
VapAz, 1915, p. 46.—JAcKsoON, 1922, p. 36.—CuEccHIa-RispoLl, 1923-a, p. 61.—H.L. CLARK,
1925, p. 148.—CHEccHIA-RIsPoLI, 1925-a, p. 65.—CHEccHIA-RispoLI1, 1929, p. 25.—GRANT
and HERTLEIN, 1938, p. 42.—CooOKE, 1942, p. 11.—H.L. CLARK, 1946, p. 336.—MORTENSEN,
1948-c, p. 37 (complete synonymy).—SANcHEZ Roig, 1952-a, p. 119.—TERMIER and TER-
MIER, 1953, p. 923.—DurHAM, 1955, p. 118, text-figs. la-j, 15a-b, 25-26a, n, 28d.—COOKE,
1959, p. 33.

Logotype.—Echinus rosaceus LINNAEUs, 1758, p. 665 (partim: ¢Habitat in O. Asiatico’).—
Clypeaster rosaceus (LINNAEUS): MICHELIN, 1861-a, p. 110, pl. 13, figs. a-r (Caribbean
Sea).—MORTENSEN, 1948-c, p. 40, pl. 1, figs. 2-4, pl. 64, figs. 1-5, text-fig. 34 (Caribbean
region). ([DEsmouLINs, 1835-37(35), p. 15.—H. L. CLARK, 1911, p. 604].

Echinanthus LESKE, 1778, p. 185 (partim ; non pp. Xix, 121; non BREYNIUS, 1732—pre-Linnean).
—GRAY, 1825, p. 427.—Dp’ARcHIAC and HaiME, 1853-54(53), p. 207.—D’ORBIGNY, 18, 21-24.
—GRAY, 1855-a, p. 4.—A. Acassiz, 1872-74(72), pp. 106, 310.—TENIsoN-WooODs, 1878, p.
169.—PomMmEL, 1883, p. 61.—DuNcaN, 1889-a, p. 154 (partim).
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Logotype.—Echinus rosaceus LINNAEUS, 1758, p. 665.—Echinanthus rosaceus (LINNAEUS) : A.
AcGassiz, 1872-74, pp. 311, 514, pl. 1le, pl. 11d, figs. 1-2, pl. 11f, figs. 1-18, pl. 13, fig. 9
(Caribbean region). (GrRAY, 1851-a, p. 35].

Scutum SCHUMACHER, 1817, pp. 33, 85 (fide DurHAM, 1955, p. 119).

Haplotype.—Scutum rosaceum (LINNAEUS, 1758).

Nyctimene GisTL, 1848, p. 175 (non BORKHAUSEN, 1797, nec MORRIs, 1837: fide DurHAM, 1955,
p. 119).

Logotype.—Nyctimene rosacea (LinNAEUS, 1758). (DurnAM, 1955, p. 1207.
Echinorodum vaN PuELSUM, 1774, p. 38 (non bin.).—LESKE, 1778, p. 8 (non. bin.).—POMEL,
1883, p. 68.—Echinorodorum PoMEL : DurnHAM, 1955, pp. 119. 120 (as a objective synonym
of Clypeaster).

Logotype.—Echinorodum rosaceum (LINNAEUS, 1758). [CooKE, 1942, p. 11.—DurHAM, 1955,
p. 120].

Diplothecanthus DuNcaN, 1889-a, p. 1563.—MEISSNER, 1904, p. 1382.—GRABAU and SHIMER,

1909-10(10), p. 590.—CLark and TwiTcHELL, 1915, p. 218.—CHECcHIA-RIsPoLI, 1923-a,
p. 61.

Orthotype.—Diplothecanthus rosaceus (LINNAEUS, 1785).

Test of medium to large size, pentagonal or subcircular in tumid marginal out-
line, angles rounded, highly variable, flattened to highly elevated apically: oral sur-
face flat to concave, usually with well developed oral infundibulum; margin of test
rounded to flattened and inflattened. Apical system central, madreporite usually
star-shaped ; small ocular plates at re-entering angles, pores small; genital plates
fused; genital pores in median sutures of interradia, more or less remote. Petals
variable, closed and rounded to wide open and sublyrate ; outer pore of petals elongate,
inner rounded, often connected by a well defined furrow. Periproct usually infra-
marginal, rarely marginal, small, situated at junction between third and fourth or
fourth and fifth post-basicoronal interambulacral plates. Buccal membrane naked,
with imbedded irregular spicules. Internal skeletal supports variable in abundance,
consisting of thin laminae and pillars, most strongly developed in flattened species;
wall of test sometimes double. Basicoronal (primordial) interambulacral plates usu-
ally much smaller than ambulacral plates, separated from post-basicoronal plates by
one to three pairs of ambulacral plates; six to ten ambulacral and four to six inter-
ambulacral post-basicoronal plates on oral surface (mainly after DURHAM, 1955).

From the Eocene (Auversian) to Recent.

As described above, more than thirty supraspecific taxa have been proposed for
the genus, but it seems highly probable that all these taxa should fall in the syn-
onyms of the genus Clypeaster. These synonyms are summarized as follows, with
the type-species placed in parentheses after each synonym.

Alexandria PFEFFER, 1881= Alexandraspis LAMBERT and THIERY, 1914 (Haplotype.—Alex-
andria magnifica PFEFFER, 188l), Anomalanthus BELL, 1884 (Haplotype.—Echinanthus tumidus
TENIsSON-WooODs, 1878), Biarritzella Boussac, 1911 (Orthotype.—Biarritzella marbellensis Bous-
sac, 1911), Bunactis PoMEL, 1887 (Logotype.—Clypeaster scillae DEsMOULINS, 1835—L AMBERT,
1912), Coronanthus LAMBERT, 1913 (Haplotype.—Clypeaster microstoma LAMBERT, 1912), Dacty-
lanthus LAMBERT, 1912 (Orthotype.—Clypeaster acclivis PoMEL, 1887), Eurycoila LAMBERT, 1912
(Orthotype.—Clypeaster intermedius DEsMOULINs, 1835), Eurypleura LAMBERT, 1912=Tholeo-
pelta LaMBERT and THIERY, 1914 (Orthotype. — Clypeaster duchassaingi MICHELIN, 1861),
Guebhardanthus LAMBERT, 1914 (Orthotype.—Clypeaster priscus OPPENHEIM, 1901), Herrerasia
SANCHEZ Roig, 1952 (Orthotype.—Clypeaster profundus SANCHEz Roig, 1949 (non Acassiz,
1840) = ?Cly. oxybaphon JAcksoN, 1922), Laganidea PoMmEL, 1887 (Logotype.—Clypeaster atavus
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PoMEL, 1885—LAMBERT, 1912), Laubeanthus LAMBERT, 1914 (Orthotype—Clypeasier breunigi
LAUBE, 1872), Leptoclypus KOEHLER, 1922 (Orthotype.—Clypeaster annandalei KOEHLER, 1922),
Miophyma PoMEL, 1887 (Logotype.—Clypeaster altus LAMARCK, 1816—DurHAM, 1955), Oxypleura
PoMEL, 1887=0xyclypeina LAMBERT and THIERY, 1913 (Logotype.—Clypeaster doma POMEL,
1887—LAMBERT, 1912), Orthanthus MORTENSEN, 1948 (Orthotype.—Clypeaster euclastus H.L.
CLARK, 1914), Paleanthus LAMBERT, 1912 (Orthotype.—Clypeaster profundus (Acassiz) FAaBIANI,
1908), Paratina PoMEL, 1887=Paratianthus LAMBERT and THIERY, 1913 (Logotype.—Clypeaster
confusus PoMmEL, 1887—LAMBERT and THIERY, 1914), Pavaye PoMEL, 1883 (Haplotype.—Clype-
aster corvini PAuay, 1874), Platypleura PoMEL, 1887=Platyclypeina LAMBERT and THIERY, 1913
(Logotype.—Clypeaster marginatus LAMARCK, 1816), Plesiantus Duncan, 1889 (Orthotype.—
Echinanthus testudinarius GrAY, 1851), Pliophyma PoMmEL, 1887 (Logotype.—Clypeaster altus
PoMEL, 1887—LAMBERT, 1912), Rojasaster SANCHEZ Roig, 1952 (Orthotype.—Clypeaster hernan-
dezi SANCHEZ Roig, 1949), Rhaphidoclypus A. Acassiz, 1863 (Haplotype.—Clypeaster scutiformis
LAMARCK, 1816), Stolonoclypus A. Acassiz, 1863 (Logotype.—Clypeaster prostratus RAVENEL,
1848 =Echinanthus subdepressus Gray, 1825—H.L. CLARK, 1911, p. 605), Zanolettia SANCHEZ
Roig, 1951 (Orthotype.—Zanolettia zanoletti SANCHEZ Roig, 1951).

As for the classification of the species, the shape of test, the position of the
periproct, the form and relative length of the petals, the tuberculation on test, and
the character of the buccal membrane are all characters of more or less importance.
In accordance with the flattening of the test, there has been a marked development
of internal skeletal supports in the form of pillars, walls, needles and horizontal floors.
In some cases, these undergo little change with age or show more or less definite
manner in arrangement, and hence are of some systematic importance.

This genus may be regarded (MORTENSEN, 1948-c, p. 17) to be largely littoral—
sublittoral in habitat. Some species, however, have been recorded from a depth of
about 500 metres.

There are more than four species of fossil representatives of this genus in our
collection.

Clypeaster japonicus DODERLEIN, 1885
(PL. 14, fig. 2)

Clypeaster japonicus DODERLEIN, 1885, p. 100 (28).—YosHIwaRraA, 1900, p. 388 (in Japanese).—
Yosuiwara (TokunNaca), 1907, pl. 14, figs. 5-8.—H.L. CLARK, 1908, p. 304.—L AMBERT,
1914-a, p. 13.—H.L. CLaRK, 1914, p. 32, pl. 128, fig. 5, pl. 136, figs. 2-4, pl. 138, fig. 5.—
LaMBERT and THIERY, 1914, p. 308.—H.L. CLARK, 1925, p. 150.—HAavasaka and MORI-
sSHITA, 1947, p. 42, pl. 1, figs. la-b, pl. 2, figs. la-b.—Clypeaster (Stolonoclypus) japonicus
DODERLEIN : MORTENSEN, 1948-c, p. 99 (complete synonymy), pl. 31, fig. 1, pl. 34, fig. 6,
pl. 35, fig. 2, pl. 42, fig. 3, pl. 67, figs. 1-2, 9-10.—Clypeaster japonicus DODERLEIN :
UrinowMmi, 1954, p. 352.—CooxkE, 1954, p. 47, pl. 10, figs. 7-8, pl. 11, figs. 3-4.

Clypeaster excelsior DODERLEIN, 1885, p. 101(29).—YosHIwARA, 1900, p. 389 (in Japanese).—
LAMBERT and THIERY, 1914, p. 308.

Ciypeaster clypeus DODERLEIN, 1885, p. 100(28).—YosHIWARA, 1900, p. 388 (in Japanese).—
Clypeaster (Stolonoclypus) japonicus var. clypeus DODERLEIN: MORTENSEN, 1948-c, p.
101, pl. 34, figs. 4, 7.

Clypeaster testudinarius: TOKUNAGA, 1903, p. 7 (non GRrAY, 1851).

Clypeaster japonicus DODERLEIN, subsp. alta Havasaxka and MoORISHITA, 1947, p. 44, pl. 2,
figs. 2a-b (=excelsior DODERLEIN, 1885).

-Clypeaster japonicus DODERLEIN, subsp. plana Havasaxa and MORISHITA, 1947, p. 44, pl. 4,
figs. 3a-b (=clypeus DODERLEIN, 1885).
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Locality and geological horizon.—A point on Okinawa Island (exact locality un-
known), Ryukyu Islands. Ryukyu Limestone, Pleistocene. Hypotype.—IGPS coll. cat.
Tno. 8318.

There is a single specimen referred to this species at the writer’s disposal. It
measures 90 mm in longitudinal diameter, 78 mm in transverse one, and 41 mm in
‘height.

Test thick and stout, distinctly longer than wide, ratio of length to width being
1,00:0.87, ambitus as seen from abeve is elongated pentagonal with margins slightly
-concave at distal ends of the interambulacra, and slightly convex at distal ends of
the ambulacra, being widest along the line through the midline of margin in the
antero-lateral ambulacra (II and IV); very high, ratio of longitudinal length to height
being 1,00:0.45 (the value of height is exceeds the normal value of the living forms);
aboral surface more or less gradually rises from the margin towards the summit,
particularly on anterior part; margin obtuse and thick, about 15 mm, about one-sixth
of longitudinal length of test. Adoral surface not so markedly concave, though the
peristome distinctly sunken orally.

Petaloid area rather large, its total length about two-thirds of longitudinal dia-
meter of test; all petals long and wide; frontal petal (III) 31 mm long and 18 mm
wide at the widest point, the longest of all, and opens distally, with about 42 pore-
pairs; antero-lateral petals (II and 1V) 28 mm long and 17 mm wide at the widest
point, make an angle about 70° between median line of the frontal petal (III) and
that of antero-lateral petals (II and 1V), with about 38 pore-pairs; postero-lateral
petals (I and V) 30mm long and 17 mm wide at the widest point, make an angle 75°
between median line of antero-lateral petals (II and IV) and that of postero-laterals,
with about 40 pore-pairs, more or less open distally.

Apical system central, madreporite pentagonal, 6 mm across, five genital pores
rather distinct. Peristome central, rounded, 7 mm across, on the deeply sunken peri-
stomial region. Periproct not preserved. Oral ambulacral furrows rather distinct
and deep, but not reaching the edge of test as such.

Tuberculation on the test rather coarse, the ridge between pore-pairs of paired
petals with only 4-5 primary tubercles, and primary interambulacral tubercles on
adoral surface not very conspicuous.

This specimen may be referred to a higher form of this rather variable species,
‘Cly. japonicus DODERLEIN, 1885, which was originally described under various names,
i.e., japonicus, clypeus, and excelsior by DODERLEIN (1885, pp. 100-101), who took the
specific ranges rather strictly. This specimen may be also assigned to Clypeaster
japoncus alta HAYASAKA and MORISHITA, 1947, from the Pleistocene of Formosa.
Their subspecies coincides fairly well with DODERLEIN’s excelsior in the characters,
as pointed out by MORTENSEN (1948-c, p. 101), and the excelsior now become a syn-
onym of Cly. japonicus and hence subspecies al/ta must be dropped out as a junior
subjective synonym of this species. COOKE's specimen of Cly. japonicus (USNM
561560) from the Pliocene of Okinawa (USGS 17557, west of Urasaki) seems to be
assigned to DODERLEIN’S excelsior.

H.L. CLARK (1914, p. 32) made clypeus, excelsior, and Plesianthus ogasawarensis
YosHIWARA, 1898 (1898, p. 60), as synonyms of Cly. japonicus. MORTENSEN (1948-c,
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p. 101) treated clypeus as a variety (or subspecies) of japonicus by the cclour of’
denuded test, e.g., in clypeus the test is uniformly white, while in japonicus the
test is strikingly coloured aborally and the plates dark brownish and the edge white,.
the both are quite contrasting. Clypeaster japonicus plana HAYASAKA and MORI-
SHITA, 1947, may be identical with DODERLEIN’s clypeus in the character of test.

It is now evident that the three forms of Clypeaster japonicus, the typical japonicus,.
excelsior- and clypeus-forms, occurred as fossils in the Pliocene and Pleistocene forma--
tions of Ryukyu Islands and Formosa.

On examinating the type-specimen of Plesianthus ogasawarensis, H.L. CLARK.
(1914, p. 32) made it as a synonym of Cly. japonicus, recognizing the difference of
petals between this and Cly. japonicus as only a variation within the same and one
species. The diverse opinions as to the systematic position and identification of
Plesianthus ogasawarensis are established by MORTENSEN himself in the same work
(1948-c). He regarded it as to be a distinct species from japonicus (p. 102), and also-
he expressed his opinion that (p. 103) it representing only a variety of japonicus. It
cannot be drawn any certain conclusion as to the identification and true systematic
position of Pl. ogasawarensis in the present state of our knowledge. But, there is no-
any doubt that Pl ogasawarensis is closely related to Cly. japonicus. It is not quite
certain whether it identical with japonicus or represent a variety of that species..
The fossil representative of this form is not yet known at present.

Clypeaster virescens DODERLEIN, 1885
(Pl 12, figs. 1, 4, PL 13, figs. 1-2, 7, PL. 14, fig. 1)

Clypeaster virescens DODERLEIN, 1885, p. 102(30).—YosHIwARA, 1900, p. 389 (in Japanese).—
YosHIwARA (TokuNaGa), 1907, pl. 14, figs. 9-10.—H.L. CLARK, 1914, p. 39, pl. 122, fig..
15, pl. 123, figs. 28-31, pl. 128, fig. 8, pl. 138, fig. 4, pl. 140, figs. 1-2.—LAMBERT and THIERY,.
1914, p. 309.—H. L. CLARK, 1925, p. 153.—LAMBERT and THIERY, 1925, p. 580.—H. L. CLARK,.
1946, p. 338.—Clypeaster (Stolonoclypus) virescens DODERLEIN : MORTENSEN, 1948-b, p..
97.—MORTENSEN, 1948-c, p. 96 (complete synonymy), pl. 33, fig. 1, pl. 38, figs. 1-5, pl. 40,.
figs. 1, 10, pl. 67, figs. 5-7, 12-14, 20-21, 23, pl. 69, fig. 6, text-figs. 56, 57a-b.—Clypeaster-
virescens DODERLEIN : MoRIsSHITA, 1950, p. 258.—UTiNowmI, 1954, p. 352.

Clypeaster colloti: Havasaka and MorisHITA, 1947, p. 48, pl. 4, figs. 2a-b(?) (non LAMBERT,.
1913).

Clypeaster cf. virescens DODERLEIN : HAvyAasaka and MoRIsHITA, 1947, p. 47, pl. 5, figs. la-b-

-

Locality and geological horizon.—A point on Okinawa Island (exact locality un--
known), Ryukyu Islands. Ryukyu Limestone, Pleistocene. Hypotype.—IGPS coll..
cat. no. 8319.

Locality and geological horizon.—A point of Hakushaton, Byéritsu-gun, Shinchiku--
shii (Paishan, Miaoli, Hsinchuhsien), Formosa. Byoritsu formation, Pliocene. Hypo--
type.—IGPS coll. cat. no. 35058-A.

Locality and geological horizon.—Shégunsan, Byoritsu-gun, Shinchiku-shii (Chiang--
chiinshan, Miaoli, Hsinchuhsien), Formosa. Byoritsu formation, Pliocene. Hypotype.
—IGPS coll. cat. no. 35058.

In our collection of the fossil echinoids from Japan and the adjacent regions,.
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ithere are four specimens of the related Clypeaster, which the writer considers to be
referred to Cly. virescens DODERLEIN, 1885. They are not quite identical with one
another, if they are compared in details differing more or less in size of test, as well
-as in the form and relative length of petals. However, as the number of specimens
is too small for the comparison and hence to dwell upon a discussion on their sys-
tematic assignment, the writer brings all the specimens under one and same specific
name Cly. virescens, of rather widely distributed and more or less variable species.

Test large, the largest of the specimens attains 102mm in longitudinal diameter,
rounded or roundedly pentagonal, being widest along the line through the middle
part of both margins, longitudinal diameter a little exceeding the transverse one,
the ratio being 1,00:0.94-0.96, rather flat and low, height about 0.2 of longitudinal
-diameter, not depressed at distal end of petals and gradually rising to the apex with
-a gentle but convex slope; oral surface almost flat, or slightly concave orally, only
sunken near the peristome.

Petaloid area rather small, its total length about less than 0.7 of longitudinal
diameter of test; all petals rather short and wide, more or less open distally, their
width usually half their length; in well-preserved specimen, frontal petal (III) 25 mm
long and 15mm wide at the widest point and opens distally, with about 40 pore-pairs
.on each side; antero-lateral petals (Il and IV) 24 mm long and 15mm wide at the
widest point, make an angle of about 75° between median line of the front petal
and that of antero-lateral petals, with about 36 pore-pairs; postero-lateral petals (I
.and V), with about 41 pore-pairs, 27 mm long and 16 mm wide at the widest point,
make an angle of about 75° between median line of antero-lateral petals and that of
postero-laterals.

Apical system central, madreporite pentagonal, 5mm across, five genital pores
rather distinct; apical system and proximal part of petals more or less depressed.
Peristome central, peristomial region only sunken orally. Periproct inframarginal,
its posterior border being only 2-3mm from the posterior margin of test. Oral am-
bulacral furrows simple, straight, and well defined, extending from the peristome to
.almost the margin.

Tuberculation on the test coarse; on each ridge between pore-pairs of petals,
there are only 2-3 primary tubercles; primary tubercles scattered and rather large
particularly on the interambulacral areas orally.

An ill-preserved specimen from the Pliocene of Formosa (IGPS coll. cat. no. 35058)
is conferable with this species, in its relative length and form of petals and the
number of primary tubercles on each ridge between pore-pairs of petals, as well as
flatness of the test and the depressed apical system.

This species resembles Cly. humilis (LESKE, 1778) (see below), a living species of
the Indian Ocean, but is distinguished from that species in the longer and opened
petals and coarser tuberculation of the test. The species are now living together in
the Philippines Seas and the adjacent regions.

Clypeaster colloti LAMBERT was reported by HAYASAKA and MORISHITA (1947, p.
48, pl. 4, figs. 2a-b) from the Bydritsu formation of Formosa. It may not be that
species, but possibly be referred to this species. Cly. colloti, Cly. martini DESMOULINS,
and five related forms of Cly. colloti (i.e., C. scutellatus SERRES, C. folium AGASSIZ,
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C. subfolium POMEL, C. marginatus LORIOL, and C. tessellatus POMEL) as mentioned.
by LAMBERT (1913-c, p. 113), are all classified by LAMBERT and THIERY (1914, p. 304)
in the Section Platyclypeina, to which Cly. virescens from Japan is undoubtedly
assigned, because the close relation of Cly. virescens to them is very evident.
HavAasakA and MORISHITA’s description and figures of the specimen under the name
colloti well agree with the features of Cly. virescens, in the relative length of petals,.
small petaloid area (its total length about 0.6 of longitudinal diameter), coarse tuber-
culation on the interambulacral areas orally, flattened oral side, feature of the oral
ambulacral furrows, and in the position of periproct, as well as in the depressed
apical system and in the height of test. The two authors failed to describe the
number of primary tubercles on each ridge between pore-pairs of petals, but judged
from its narrow poriferous zones and observation on figure given by the two authors,.
the number of them may be less than four as usual in this species. The proportion
of longitudinal diameter to the transverse of this specimens, as measured by the two-
authors, being 1,00:0.83, is less than that of Cly. virescens, which is 1,00:0.9 or
more. The smallness of breadth of test in this specimen may be due to either the
irregular growth of test, as stated by two authors (1947, p. 49), or the deformation
of the test by lateral compression, as shown in the figures 2a-b on plate 4 given by
the two authors. Restored outline of the test may increase the width and the
greatest width may be lying on the transverse line of middle of the test. The spe-
cimen from the Byoritsu formation (Pliocene) may be referred to the living Cly..
virescens, rather than to the European Miocene species Cl. colloti (LAMBERT, 1913-c,.
p. 112, pl. 9, figs. 1-5—Langhian), under the circumference as described above.
Another Formosan species, which is described by HAYASAKA and MORISHITA
(1947, p. 47, pl. 4, figs. 1la-b) under the name Clypeaster cf. virescens, from the Mio--
cene formation, may not be referred to this living species. Although the specimen
seems to be closely allied to the living species, it differs from the living species in
some details, and the true specific position of the specimen is not settled with cer-
tainty at present. This specimen is more or less related to the living Cly. virescens,.
but differs from that species, as pointed out by the two authors, in the form of
petals, the greater petaloid area (its total length being about 0.7 of longitudinal di--
ameter), the finer tuberculation on the test, and in the position of periproct. The
number of primary tubercles on each ridge between pore-pairs of petals in this spe-
cimen, as counted from the figure (la on plate 5 given by the two authors), is more:
than seven, and it is greater than that of Cly. virescens. These features prevent the
identification of this specimen to Cly. virescens with certainty. This specimen also-
resembles the Indian Cly. humilis, but is distinguished from that species by the form
of petals, greater petaloid area, and by the coarser tuberculation on the test. This.
species is also more or less related to the Indian Miocene species, Cly. complanatus
DuNcAN and SLADEN, 1885 (1885-a, p. 325, pl. 4, figs. 10-11), and Cly. sladeni LAMBERT
and THIERY, 1914 (LAMBERT and THIERY, 1914, p. 304.—Cly. projundus DUNCAN and
SLADEN, 1885-a, p. 319, pl. 4, figs. 1-4—non AGAssiz: FaBIANI, 1908, p. 80, pl. 1, fig..
20), but differs from these species in the form of petals and the tuberculation on the
test, although the true relationship of those species with the living Cly. virescens
needs further elucidation. For the exact determination of this form new material is.
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desired in order to settle whether it is certainly Cly. virescens or quite another species.

Clypeaster virescens DODERLEIN, 1885, is a rather variable species, and is known
from central and southern Japan, the Philippines, Indo-China, as south as New
Zealand, in depth of about from 100 to 300 meters.

Clypeaster humilis (LESKE, 1778)
(Pl 12, figs. 2-3, 5)

Echinanthus humilis Leske, 1778, p. 185, pl. 17, fig. A, pl. 18, fig. B, pl. 19.—Clypeaster humilis
(LEskE) : A. Acassiz, 1872-74, pp. 100, 510, pl. 1la, figs. 1-8.—MARTIN, 1880-a, p. 79.—
Duncan, 1885, p. 205, pl. 31, figs. 56-58.—BrowN, 1910, p. 41.—H.L. CLARK, 1914, p. 36,
pl. 123, fig. 23, pl. 137, pl. 138, fig. 4 —LAMBERT and THIERY, 1914, p. 301.—FOURTAU,
1914-a, p. 102, pl. 11.—KOEHLER, 1922, p. 51, pl. 3, figs. 1-5, 12, pl. 14, fig. 51.—H.L. CLARK,
1925, p. 149.—BriGuTON, 1931, p. 325.—Clypeaster (Stolonoclypus) humilis (LESKE) : JEAN-
NET and MARTIN, 1937, p. 242, text-fig. 26.—Clypeaster humilis (LESKE): H.L. CLARK,
1946, p. 377.—Clypeaster (Stolonoclypus) humilis (LESKE) : MORTENSEN, 1948-b, p. 96.—
MORTENSEN, 1948-c, p. 88 (complete synonymy), pl. 17, fig. 1, pl. 28, figs. 1-4, pl. 29, figs.
1-3,5-8, pl. 30, fig. 1, pl. 40, figs. 2-3, pl. 67, figs. 3, 8, 11, 15-18, text-figs. 53a-b.—DURHAM,.
1955, p. 121, text-fig. 260 (reproduced from MORTENSEN, 1948-c).

Scutella placunaria LaMARcK, 1816, p. 12.—Echinanthus placunarius (LaMARCK) GRAY, 1855-a,
p. 7—MICHELIN, 1861-a, p. 135, pl. 35, fig. 2.—Stolonoclypus placunarius (LamaRrck) A.
Acassiz, 1863, p. 25.

Scutella ambigena LAMARcK, 1816, p. 12.—Clypeaster ambigenus (LAMARCK) : BLAINVILLE,
1834, p. 299. '

Clypeaster latus HERKLOTS, 1954, p. 6, pl. 2, fig. 1.

Clypeaster tumescens HERKLOTS, 1854, p. 7, pl. 2, fig. 2.

Clypeaster testudinarius: MARTIN, 1880, p. 4 (non GRrAY, 1851).

Clypeaster rosaceus: LovEn, 1887, p. 172, pl. 6, fig. 2 (non LiNNAEuUsS, 1758).—MEIJERE, 1904,
p. 133, pl. 18, figs. 352-353.—FouRrTAU, 1904, p. 444.

Clypeaster cf. deserti: HAvyasakA and MorRrisHITA, 1947, p. 45, pl. 3, figs. la-b (non KEew,
1915).

Clypeaster aff. humilis (LESKE) : Havasaka, 1947, p. 112, pp. 12, fig. 1(?).

Clypeaster okinawa Cookke, 1954, p. 47, pl. 11, figs. 1-2.

Locality and geological horizon.—Hakushaton, Byo6ritsu-genu, Shinchiku-shii (Pai-
shan, Miaoli, Hsinchuhsien), Formosa. Bydritsu formation, Pliocene. Hypotype.—
IGPS coll. cat. no. 35059.

There are two specimens referable to this species at hand, they are not well
preserved, and the test is partly broken off, but the remaining part shows charac-
teristics of this species.

Outline of the test assumes nearly oval, with margins slightly concave at median
part of the interambulacra. Test low, less than 15 mm high; margin thin, about 2 mm
thick; aboral surface more or less flat distal to the petaloid area, where it rises
more steeply ; perradial (ambulacral median) sutures distinct throughout the aboral
surface; adoral surface slightly and gradually concave orally.

Petaloid area small, its total length'”seems to be nearly half the longitudinal
diameter; petals short, but rather wide, their width more than half their length,
narrow proximally and broadest distally, interporiferous zones elevated, poriferous
zones converging rather abruptly and tending to close the petals; measurement of
the petals being, 25mm long and 14 mm wide, the frontal petal (III) longest of all;
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each petal having about 40 pore-pairs on each side; number of primary tubercles on
each ridge between pore-pairs of petals is seven in the broadest poriferous zone;
distance between distal end of antero-lateral petal (II) and the margin is about 28 mm,
and that between distal end of postero-lateral petal (probably I) being 26 mm.

Apical system probably central, but destroyed, and the details of it is not ob-
served. Peristome and periproct not preserved in the specimens at hand. Oral
ambulacral furrows not well preserved, but may be extending from the peristome to
the margin.

These specimens can be referable with this most variable and perplexing species,
Cly. humilis, in having the low test, thin margin, flattened area outside the petaloid
area, distinct perradial sutures, and in the form of petals, relative length of each
pletal, as well as in the number of primary tubercles on each ridge between pore-
pairs of petals. This highly variable species was described by many authors under
various names from the Indo-West Pacific Oceans. It is generally agreed that they
can be regarded mostly as synonyms of this species.

The specimen described by HAYASAKA and MORISHITA (1947, p. 45) under the name
Cly. cf. deserti KEw from the Byoritsu formation (Pliocene) of Formosa, may not be
the named species, but can be referred to this species. It is very large, although
Cly. humilis rarely attains 150mm or more in the longitudinal diameter. The size
of the specimen, however, cannot be taken for distinguishing it from this species.
If the outline of test in their specimen is restored to elongate pentagonal, as stated
by the two authors, it well agrees with Cly. humilis in general features. In the
low test, less than one-fifth of the longitudinal diameter, thin margin, flattened
part outside the petaloid area, rather distinct perradial sutures, form of the petals, and
in the relative length of each petal, considering its deformation by compression, the
characters of their specimen point to the living Cly. humilis.

Another specimen, described by HAvAasakA (1947, p. 112, pl. 12, fig. 1) under the
name Cly. aff. humilis, from the Pitoushan group (Pliocene) of Formosa, may be as-
signed to this species in its general features. The low test, thin margin, feature
of flattened or slightly concave part outside the petaloid area, small petaloid area
(its total length nearly half the longitudinal diameter measured from the figure
given by that author), the form of petals, relative length of each petal, and rather
broad poriferous zones of this specimen, as by accounting its deformation of the
test and the petals by compression, offer general resemblances to the living
Cly. humilis (LESKE, 1778). This may be the same case in Cly. okinawa of COOKE
(1954, p. 47, pl. 11, figs. 1-2). The affinities and distinctions among his Formosan
specimen and the related Cly. malumbangensis ISRAELSKY, 1933 (1933, p. 301, pl. 1,
fig. 1.—JEANNET and MARTIN, 1937, p. 247, text-fig. 30) and Cly. brevipetalus MARTIN
in JEANNET and MARTIN, 1937 (1937, p. 246, text-fig. 29) are discussed by HAYASAKA
(1947, pp. 113-114). It may be stated as pointed out by HAYASAKA, that the Formosan
specimen is more similar to Cly. humilis than to Cly. malumbangensis, although
the roundedly pentagonal outline of the test is not recognized in the former. Cly.
brevipetalus, however, is distinguished. from the Formosan species by having the
shorter petals, flatter and thinner test, as well as dissimilar shape of petals. At any
rate, the specimens derived from the Pitoushan group (Pliocene) of Formosa and
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from the Naha Limestone (Upper Pliocene) of Okinawa may be called Clypeaster
humilis, if the specific range is taken rather widely as usually done in this kind of
highly variable species.

Clypeaster humilis (LESKE, 1778) is distributed in the Indo-West Pacific Oceans,
ranging from the Red Sea to the Philippines Seas, where it occurs together with
‘Cly. virescens, in depth of littoral to about 40 meters. The occurrence of this species
-as fossils together with Cly. virescens from the Pliocene formation of Formosa and
Ryukyu Islands seems to be very probable.

Clypeaster reticulatus (LINNAEUS, 1758)

Echinus reticulatus LINNAEUS, 1758, p. 666 (pro parte).—Echinodiscus reticulatus (LINNAEUS)
Leske, 1778, p. 207, pl. 45, figs. 8-9.—Clypeaster reticulatus (LINNAEUs) DESMOULINS,
1835-37(37), p. 214.—LorioL, 1883, p. 37.—LovEN, 1887, p. 168.—H.L. CLARK, 1914, p. 34,
pl. 124, figs. 3-6.—LAMBERT, 1914-a, pp. 12, 13.—Clypeaster (Rhaphidoclypus) reticulatus
(LinnaEUS) : LAMBERT and THIERY, 1914, p. 301.—Rhaphidoclypus reticulatus (LINNAEUS)
KOEHLER, 1922, p. 68, pl. 6, figs. 3-4, pl. 15, fig. 10.—Clypeaster reticulatus (LINNAEUS) :
H.L. CLaRrk, 1925, p. 151.—STOCKLEY, 1927, p. 114, pl. 21, fig. 7.—Roxas, 1928, p. 262, pl.
6, figs. 27-28.—CuRRIE, 1930, p. 175, pl. 16, fig. 5.—Clypeaster (Rhaphidoclypus) reticulatus
(LiNNAEUS) : BRIGHTON, 1931, p. 325.—JEANNET and MARTIN, 1937, p. 244, text-fig. 27.—
Clypeaster reticulatus (LINNAEUS) : Nisivama, 1942, p. 21 (in Japanese).—Clypeaster cf.
resiculatus (LINNAEUS) : Havasaka and MoORISHITA, 1947, p. 50, pl. 4, figs. la-b.—Cly-
peaster (Rhaphidoclypus) reticulatus (LINNAEUS) : MORTENSEN, 1948-c, p. 71 (complete
synonymy), pl. 18, figs. 1-21, pl. 26, fig. 3, pl. 65, figs. 2, 13, 16, text-figs. 8, 47.—Clypeaster
reticulatus (LINNAEUS) : UTiNoMmi, 1954, p. 352.—DurHAM, 1955, pp. 95, 112, 120, 121, text-
figs. 15b, 25e, 26a.

Clypeaster scutiformis LAMARCK, 1816, p. 12.—BLAINVILLE, 1934, p. 216.—Acassiz, 1836, p.
187(20).—Acassiz and DEsOR, 1847, p. 130.—Echinanthus scutiformis (LAMARCK) GRAY,
1855-a, p. 5.—Rhaphidoclypus scutiformis (LAMARCK) A. Acassiz, 1863, p. 25.—Clypeaster
scutiformis LAMARCK : A. Acassiz, 1872-74, pp. 101, 512, pl. 13, figs. 1-4.—MEIJERE, 1904,
p. 131, pl. 18, figs. 344-351.—BrownN, 1910, p. 41.—FourTAuU, 1904-a, p. 422.—FOURTAU,
1914-a, p. 88.

Clypeaster rosaceus var. crassilimbata STAFF and REck, 1911, p. 44.

Laganum multiforme var tayabum PRATT and SmiTh, 1913, p. 325, pl. 2, fig. 3.

There is no authentic fossil specimen referable to this species at the writer’s
-disposal, although HavasAka and MoORISHITA (1947, p. 50, pl. 4, figs. la-b) reported
the occurrence of this species from the Ryukyu Limestone (Pleistocene) of Tokuno-
shima, Ryukyu Islands.

Of the specimen, test small, under 50mm in longitudinal diameter and width
four-fifths (0.83) of length, adoral surface strongly concave around the peristome
which is deeply sunken, frontal petal (III) nearly closed, with rather few pore-pairs,
.about 30 on each side, antero-lateral petals (Il and 1V) short, about 0.87 of the frontal,
petaloid area rather large (its total length 0.62 of the longitudinal diameter) and
-somewhat depressed, at least distal portion lying lower than the thickened test-margin
though the apical system much thicker. These are the characteristic features that
.enable us to identify it with the living Cly. reticulatus. This specimen seems to be of
a relatively flat type, with the edge moderately thick, as in the specimens from the
‘Philippines described by MORTENSEN (1948-b, p. 98). The narrower poriferous zones
of the petals in this specimen may be due to the inner mould in its preservation,
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as stated by the two authors (1947, p. 51), which is usually more or less different
from the external feature of the test. The characteristic suture lines, particularly
on the aboral surface, and the tuberculation on the test are not preserved in this
specimen. .

This species widely distributed over the Indo-Pacific Oceans, from Red Sea and
East African coast to Hawaii, Formosa and to southern Japan, as far north as Kii
Peninsula (UTiNoM, 1954, p. 352), in depth of from littoral zones to about 120 metres.

Clypeaster saipanicus COOKE, 1957
Clypeaster saipanicus CookEg, 1957, p. 362, pl.' 119, figs. 14-17.

Locality and geological horizon.—A point near Mt. Laulau, at Laulau, Saipan
Istand, Micronesia, South Sea Islands. Laulau (Tagpochau) formation, Lower Miocene
(Eulepidina-Spiroclypeus—horizon). Hypotype.—IGPS coll. cat. no. 78230.

There is only a single specimen referred to this species at hand. It is rather well
preserved, but partly fractured and some details of the aboral surface are more or
less faded. The holotype is small (42.5mm in longitudinal diameter) and the genitals.
have no pores, while the specimen at the writer’s disposal is large (79 mm) and five
genital pores are distinct, and other differences are observable between them. But,
thg: differences may be due to the growth change of two individuals, and the two
specimens are regarded to be conspecific with each other. The following is a supple-
mentary description of the species based on the adult individual. Dimensions of the
specimen.—79 mm in the longitudinal diameter, 58 mm in the transverse, and 22 mm
in height.

" Test of medium-size, thick, and depressed. Outline suboval, being widest along
the line through the distal points of postero-lateral petals (I and V), somewhat concave
on postero-lateral interambulacral margin (1 and 4), slightly concave on the middle
part of posterior interambulacral margin (5), anterior part elongate and posterior
part more rounded, width 0.73 of test-length, being less than the usual type of Cly.
reticulatus. In longitudinal profile, anterior part evenly arched with rounded and
thick margin, which measures 19 mm at the thickest point, to the highest point, with.
the margin slightly decreasing the thickness, and whence the test gradually and
gently declines to the posterior end, margin thinnest at about the middle part,
where it measures 16.5mm ; margin of lower surface runs almost in parallel with
that of upper surface. Aboral surface depressed under the thick margin, particularly
the middle portion of petaloid area 'éonspicuously lower than the thickened margin,.
except for the frontal petal (III), which lies on a rather flattened area of the frontal
margin ; adoral surface gradually concave orally and peristomial region deeply and.
suddenly sunk, thus leaving small interior space for a flattened masticatory apparatus.
between the apical region of upper side and the peristomial region of lower side;
apical region more or less raised, but decidedly lower than the thickened margin. Ir
transverse profile, upper and lower surfaces of both sides are raised from the lower
middle part, nearly in parallel with each other.

Petaloid area rather large, whoss total length measures 52mm, 0.66 of longi-
tudinal diameter; petals rather long and narrow, their width being more or less half
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their length, and tending to close at their distal end except for the frontal petal (III),
which is more or less open distally; interporiferous zones rather narrow, about half
the width, and more or less elevated; large primary tubercles alternately placed on
second or third primary plate (component) in the interporiferous zones; poriferous.
zones rather broad and more or less depressed, with less than forty pore-pairs on each
side, there are no less than six primary (but small) tubercles on each ridge between
pore-pairs at the broadest zone. Frontal petal (III) 26 mm long and 12 mm wide, the
longest of all; interporiferous zone narrow, about 5mm wide at middle of the petal,
and slightly divergent distally, with about forty pore-pairs on each side; antero-lateral
petals (Il and IV) 20mm long and 12mm wide, interporiferous zones 5mm wide at
middle of the petals and convergent distally, poriferous zones 4 mm wide at the widest
point, with about forty-four pore-pairs on each side; angle between median line of
frontal petal and that of antero-laterals being about 75°; postero-lateral petals (I and
V) 22mm long and 12mm wide, interporiferous zones 5.5 mm wide at the middle of
the petals and convergent distally, poriferous zones 4.5 mm wide at the widest point,
with about thirty-six pore-pairs on each side, angle between median line of postero-
lateral petals and that of antero-laterals being about 77°.

Apical system central and slightly raised, rather small, 4 mm long and 3.5 mm
wide, genital pores rather large, ocular pores very small but visible by naked eye.
Peristome central, small, region around it strongly concave and quite deep. Periproct
small, circular, about 3 mm across, inframarginal, outer margin being 4 mm from the
posterior margin of test. Oral ambulacral furrows rather narrow and deep, but not
reaching the margin as such. Tuberculation on the test rather fine, primary tuber-
cles on adoral surface closer and more or less smaller than those of Cly. reticulatus,
primary tubercles on aboral surface not well preserved, but they are more or less.
smaller than those on adoral surface. .

This species very closely resembles Cly. reticulatus (the preceding species) in
many features of test, but is easily distinguishable from that species by having large
primary tubercles on the interporiferous zones of petals, decidedly sunken peristomial
region, and much thickened margin. Cly. sapainicus also closely relates to Cly. pulvi-
natus DUNCAN and SLADEN, 1885 (1885-a, p. 322, pl. 50, figs. 5-6), from the Gaj Series.
(Miocene) of India, in the general features of test, but differs from that species in
the form of petals and presence of large primary tubercles on the interporiferous
zones of the petals, more inflated margin and in the much deeply sunken peristomial
region. It is very interesting that this characteristic Miocene species, which is very
similar to the living Cly. reticulatus, has already flourished during the Miocene Epoch
in the Central Pacific, and that its relationships with the Indian Miocene and the
Indo-Pacific Pliocene species seem to be very close.

Suborder LAGANOINA MORTENSEN, 1948

Laganina DEsOR : MORTENSEN, 1948-c, pp. 3, 156 (pro parte).—DURHAM, 1935, p. 131.—Laga-
nina MORTENSEN : DURHAM and MELVILLE, 1957, p. 259.
Type-family.—Laganidae DESOR, 1858.

Auricles fused into a single piece situated on interambulacrum. Ambulacral
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structure within the petals simple or compound of the “ neolaganid ” type or “cly-
peasteroid ” on some places. Test flattened or inflattened, with internal skeletal
supports when flattened. Interambulacra narrow, continucus on adoral surface, ter-
minated adapically with usually a single plate or rarely a series of single plates.
Apices of apical system opposite interambulacra. Aboral miliary radioles terminating
in a crown. Usually no spicules in tube-feet.

From the Upper Cretaceous (Senonian) to Recent.

In the feature of auricles the Laganoina are common with the Scutelloina, but
differ from the latter in having the aboral miliary radioles with terminal crown,
whereas in the Scutelloina they terminate usually in glandular bag. That the narrow
interambulacra terminate adapically with a single plate is a striking feature of this
suborder, which differs from, in having this character, the Clypeasteroina and Scutel
loina that have the interambulacra terminating adapically with a pair of plates. This
simple plate at the adapical end of interambulacral column seems to be, as described
by DURHAM (1955, p. 131) and above, a more specialized feature than a pair of plates
at the adapical end of the Clypeasteroina and Scutelloina, and this feature has
occurred even in the primitive member of the Laganoina. On the contrary, in the
Laganoina the interambulacra on the oral surface are narrow and arranged in con-
tinuous condition ; particularly in the primitive forms they retain an undifferentiated
condition. Thus, the Laganoina are distinguished from, in having this continuous
arrangement of the oral interambulacral plates, the Clypeasteroina and the specialized
forms of the Scutelloina that show the discontinuous arrangement of the plates.
The absence of the internal skeletal supports (internal radiating partition walls) in
some forms (e. g., Fibularia) of this suborder is regarded by H.L. CLARK (1914, p. 56)
and DURHAM (1955, p. 132) as a more primitive character than the presence of them.
Whereas MORTENSEN (1948-c, p. 164) maintained that this absence of internal supports
must be regarded as a specialized stage owing to disappearance of the structures by
degeneration, not a starting point or initial stage of development of them.

The evidence of direct derivation of the younger Clypeasteroina and the Scutel-
loina from the primitive forms, the older geological occurrence, of the Laganoina is
not sound in the present state of our knowledge.

.The Laganoina comprise the following three families, viz., the Fibulariidae GRAY,
1885, Laganidae DESOR, 1858, and Neolaganidae DURHAM, 1954. The last family was
established by DURHAM (1954, p. 680) on New World fossil forms, as contrasting with
the Laganidae which comprise Old World fossil and Indo-Pacific Recent forms. Three
families are discriminated from one another as shown by the following key.

Key to the families of the Laganoina.

1. Test of generally moderate to large forms, flattened, with a complicate structure
of internal skeletal supports. Ambulacra distinctly petaloid adapically. Oral
ambulacral furrows simple.............ooi i 2

Test of generally small forms, inflattened or flattened, shape variable. Petals
variable, often indistinct, open. Simple internal supports of radial partitions
or absent. Oral ambulacral furrows usually absent, indistinct when present.
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Primordial basicoronal plates not specialized .................. Fibulariidae

2. Ambulacral structure within the petals simple. Basicoronal plates forming a well

defined pentameral star. Terminal adapical interambulacral plate rhomboidal.

Genital pores 4 or 5, exceptionally 6 .......... ... i, Laganidae

Ambulacral structure within the petals compound. Basicoronal plates in a regu-

lar pentagon. Terminal adapical interambulacral plate approximately rectan-

gular. Genital pores 4 ... ... ... Neolaganidae.

There are fossil representatives of the family Fibulariidae and Laganidae in our
collection.

Family FIBULARIIDAE GRAY, 1855

Fistularina GrAY, 1885-a, p. 27 (Fibularina in systematic index, p. 65).—Fibularina GRAY: A.
Acassiz, 1872-74, p. 505.— Fibulariidae GRAY: DUNCAN, 1889-a, p. 144.— Fibularidées
CoTTEAU, 1889-94(92), p. 385.—Fibulariidae DuNcAN : GREGORY, 1900-b, p. 317.—MEISSNER,
1904, p. 1380.—H.L. CLARK, 1911, p. 604.—H.L. CLARK, 1914, p. 55.—KOEHLER, 1922, p.
131.—LAaMBERT and THIERY, 1914, p. 289 (pro parte).—H.L. CLARK, 1925, p. 162.—GRANT
and HERTLEIN, 1938, p.47.—H.L. CLARK, 1946, p. 347.—MORTENSEN, 1948-c, p. 156 (com-
plete synonymy).—TERMIER and TERMIER, 1953, p. 924.—DuRrRnAM, 1955, p. 132.
Type-genus.—Fibularia LAMARCK, 1816.

Scutellinidées CoTTEAU, 1889-94(91), p. 303.

Type-genus.—Scutellina Acassiz, 1841.

Eoscutidae LAMBERT, 1900, p. 49.—LAMBERT and THiERY, 1914, p. 287.
Type-genus.—Eoscutum LAMBERT in LAMBERT and THIERY, 1914.

Echinocyamidae LAMBERT, 1900, p. 49.—LAMBERT and THIERY, 1914, p. 287.—CoOKE, 1942, p.
27 (pro parte).

Type-genus.—Echinocyamus (VAN PHELsuMm) LESKE, 1778,

Lenitinae LAMBERT in LAMBERT and THIERY, 1914, p. 289.—LAMBERT, 1915, p. 27.

Type-genus.—Lenita DEsOR in Acassiz and DEsOR, 1845.

Usually small forms of very varying shape, inflattened or flattened. Petals vari-
able, often indistinct, open, usually few-pored; pores in petals rounded, outer pore
not elongate, not conjugate. Simple internal skeletal supports of radial partitions (they
are radially arranged, either ten or fifteen in number) or absent. Apical system and
peristome usually central; periproct either on aboral side or, more usually, on oral side..
Auricles broad and low. Primordial basicoronal plates not specialized. Oral ambu-
lacral furrows usually absent, indistinct when present. Primary radioles short, simple,.
with a regular axial canal; miliary radioles with a terminal crown. Pedicellariae of
the ophicephalous, tridentate, and triphyllous types; globiferous pedicellariae are
quite exceptionally found (mainly after MORTENSEN, 1848-c, and DURHAM, 1955).

From the Upper Cretaceous (Senonian) to Recent.

The Fibulariidae differ from the Laganidae in having the not well-defined petals.
with rounded pores, non-specialized primordial basicoronal plates, and the simple
internal radiating partitions that contrast to the complex structure of that family, and
in lacking the distinct oral ambulacral furrows. The internal supports of the family,
when present, are all radially arranged partitions, and may be either ten (but only
a pair in a case) or fifteen in number. They protrude from the inner margin of
test and extend inward for a variable distance. When there are only ten supports.
(e.g., Echinocyamus and Eoscutum), they occur at the margin of the interambulacra,
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when there are fifteen (e.g., Porpitella and Lenita), the additional partition wall
-occurs midway between the other two

The lack of oral ambulacral furrows in most species and the relatively undiffer-
entiated basicoronal plates seem to be primitive characters.

MORTENSEN (1948-c¢) put under the family Fibulariidae the genera Runa, Echino-
cyamus (with subgenus Mortonia), Fibularia (with subgenera Fibulariella and Thaga-
stea), Fibulina (with subgenus Cyamidia), Togocyamus, Scutellina, Eoscutun, Porpitella,
Lenita, and Sismondia, adding incertae sedis genera, Orchoporus and Tarphpygus.
DURHAM (1955) referred to the family the genera Fibularia, Fibulariella, Echinocyamus,
Mortonia, Thagastea, Togocyamus, Cyamidia, Scutellina, Porpitella, Eoscutum, Lenita,
Tarphypygus, and Fibulaster. DURHAM (1955, pp. 139, 141) referred the genus Sismondia
to the Laganidae rather than to the Fibulariidae, on account of its rather specialized
basicoronal plates, the conjugate pore-pairs in the petals, and the incipient concentric
internal supports—small side-branches on partition walls. The writer regards, herein,
the genus Sismondia as a highly specialized form of the Fibulariidae. The important
genera and subgenera of the family are discriminated from one another as shown by
the folowing key.

Key to the important genera and subgenera of the family Fibulariidae.

1. Periproct supramarginal ..........o.eeiiniiiiiiii i e 2
Periprect marginal or distinctly on oral side ...l 5

2. A broad bare longitudinal median area on oral side, flanked by large tubercles
with sunken areoles. 10 well developed internal radiating partitions, with 5

additional partition walls ... i e Lenita
No broad bare longitudinal median area on oral side ................. ..ot 3
3. Test very low, flattened .. ......oiuttnntiit i e e 4

Test high, not flattened. Poriferous zones of petals more or less straight. No
peristomial (oral) ambulacral furrows. 10 internal radiating partitions......
................................................................ Togocyamus

4. Outline of test elongated ; oral side concave orally. Petals well formed; periferous
* zones of petals more or less incurved distally. 15 internal radiating partitions

.................................................................. Porpitella
Outline of test round; oral side flat. Petals well developed, very small, nearly
closed. 10 internal radiating partitions .......................... Eoscutum

5. Periproct marginal or submarginal. Outline of test round, test flattened. Petals
well defined, tending to clese distally. No oral ambulacral furrows

Periprect distinctly on oral side.........oiiiiiii i e 6
6. Petals well formed, long; pore-pairs of petals distinctly conjugate, cuter pore
moderately elongate. Test flattened. 10 internal radiating partiticns with

small side branches ...........ooiiiiiiiiiiii it e Sismondia
Pore-pairs of petals not distinctly conjugate. Internal radiating partitions without
side branches, when present .............oouitinniiniiie i, 7

7. Test low, more or less flattened, radiating partition walls present, more or less
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completely developed.........coooiuieiti e 8

Testv high, globular or fusiform; no internal radiating partitions ............ 9

8. Hydropores few in number, not in a groove. Buccal membrane naked. Periproct

naked, usually covered with several large naked plates and at times some

additional small plates. 5 pairs of internal radiating partitions ............

........................................................... «.. Echinocyamus

Madreporite with a single hydropore. Periproct covered with small irregular plates

carrying radioles. A single posterior pair of partitions only in the type-

SIS . L ettt et e e e Mortoma

9. Test subconical. Interambulacra terminated adapically with a single series of 3 or

4 plates rather than paired plates. Madreporite with several hydropores. A

faint anterior ambulacral furrow (usually ?) present.............. Thagastea

Test not subconical. Interambulacra terminated adapically with a single plate. No

faint anterior ambulacral furrow ..............ccoiuiiiniiiii i 10

10. Buccal membrane entirely naked. Periproct covered with ﬁve large plates. Hydro-

pores in a groove. No globiferous pedicellariae .................. Fibularia

Buccal membrane covered by numerous small plates. Periproct covered with many

small plates. Hydropores not in groove. Globiferous pedicellariae present

................................................................ Fibulariella.

There are fossil representatives of the genera Fibularia (with subgenus Fibu-
lariiella), Echinocyamus, and Sismondia in our collection.

Genus Echinocyamus VAN PHELSUM, 1774

Echinocyamus vaN PHELsUM, 1774, p. 131, pl. 1, figs. 1-35, pl. 2, figs. 1-35 (Explicatio Tabulae).
—LESKE, 1778, pp. 149, 213.—GRraAY, 1825, p. 428 (pro parte).—BLAINVILLE, 1830, p. 195.—
Acgassiz, 1841-b, p. 125.—Acassiz and DEsoRr, 1847, p. 140.—GRrAY, 1855-a, p. 27.—DESOR,
1855-58(57), p. 217.—A. Acassiz, 1872-74(73), pp. 304, 505.—PoMEL, 1883, p. 73.—DUNCAN,
1889-a, p. 144.—CoTTEAU, 1889-94(92), p. 348.—BELL, 1892, p. 348.—MORTENSEN, 1907, p.
38—H.L. CLark, 1911, pp. 596, 598, 605.—H.L. CLARK, 1914, p. 59.—KOEHLER, 1922, p.
132.—H.L. CLARK, 1925, p. 164.—MORTENSEN, 1927-b, p. 132.—MORTENSEN, 1932-e, pp.
351-355.—GRANT and HerTLEIN, 1938, p. 47—H.L. CLARK, 1946, p. 349.—MORTENSEN,
1948-c, p. 170 (complete synonymy).—TERMIER and TERMIER, 1953, p. 924.—DURHAM,
1955, p. 133, text-figs. 8k, 9b, 9i, 14a, 30f.—KIER, 1957, p. 859.—CooKE, 1959, p. 31.

Logotype.—Spatangus pusillus MULLER, 1776, p. 18.=Echinocyamus angulosus LESKE, 1778,
p. 215.=Echinocyamus pusillus (O.F. MULLER) : MORTENSEN, 1907, p. 39, pl. 12, figs. 27-
29, 31 (Denmark, and North Sea). [BLAINVILLE, 1830, p. 194.—AcAssiz and DEsSOR, 1847,
p. 140.—Bull. Zool. Nomencl., vol. 4, 1950, p. 519].

Fibularia LAMARCK : LAMBERT, 1891, p. 751.—LAMBERT, 1907-b, p. 36.—LAMBERT and THIERY,
1914, p. 289.

Logotype.—Fibularia angulosa (LESKE) LAMARCK, 1816, p. 17. [LAMBERT, 1907-b, p. 36].

Anaster SISMONDA, 1842, p. 45.

Haplotype.— Anaster studeri SisMONDA, 1842, p. 46, pl. 2, figs. 8-9 (Miocene of Italy).

Echinocentrotus CHEccHIA-RispoL1, 1907, expl. pl. 17(2), figs. 40-44.

Haplotype.—Echinocentrotus pusillus (O.F. MULLER) CHEccuIiA-RispoLl, 1907, expl. pl. 17,
figs. 40-44.

Small, elongate to rounded, moderately flattened to somewhat inflattened; oral
surface flat to concave around peristome; edge usually tumid, more rarely almost
sharp. Petals (or subpetals) of approximately equal length, usually widely open,
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sometimes poorly defined; pores of each pair usually stand very obliquely, pore-pairs
not conjugate; interporiferous zone with a varying number of tubercles usually
irregularly arranged ; accessory pores in most species very indistinct; adorally there
are two larger pores in each ambulacrum, from which the buccal tentacles issue.
Apical system central or subcentral, not distinctly limited, genital and ocular plates
fused ; hydropores few in number, often only one, not in a groove. Peristome central,
round or elongate pentagonal, often conspicuously sunken. Buccal membrane entirely
naked. Peristome close to peristome, situated at junction between first and second
pair of post-basicornal plates, usually covered with five or six large, naked, radiating
plates and at times some additional small plates. Primary tubercles in general
spread without any distinct order, more or less distinctly scrobiculate ; glassy tubercles
scattered irregularly among the primaries; miliary tubercles spread in considerable
number irregularly between the primaries. Primary radioles simple, finely thorny
or smooth ; miliary radioles smooth, widened distally into a small crown. Pedicellariae
of the ophicephalous, tridentate, and tridhyllous types, the two latter very scarce
and difficult to find; no globiferous pedicellariae. No spicules in tube-feet. Five
pairs of internal radiating partition walls, which may continue to auricles or be much
shorter (mainly after MORTENSEN, 1948-c, and DURHAM, 1955).

From the Upper Cretaceous (Senonian) to Recent, world-wide as fossils, living
in European Seas and Indo-Pacific Oceans.

The interchange of the two names Echinocyamus and Fibularia introduced by
LAMBERT (1891, pp. 749-752) was met with protest by COTTEAU (1889-94 (92), p. 349),
LorioL (1897-a, p. 8), MORTENSEN (1907, pp. 38-39.—1910-a, p. 120.—1932-e, pp. 351-
353.—1948-c, pp. 170-175), and DURHAM (1955, p. 133). Their arguments seem to the
writer to be sufficient to dispose of LAMBERT’s unwelcome attempt to upset the hitherto
usage of the two names, and there is no need of repetition here. But that interpre-
tation of LAMBERT, as stated by DURHAM (1955, p. 134), has produced an unfortunate
situation in the literature, and most species, particularly of fossil forms, referred to
the genera Fibularia and Echinocyamus between 1891 and 1948 have to be reexamined
for correct generic allocation.

The species of this genus are world-wide in their geographical distribution,
although they are not yet known from the East Coast of the Japanese Islands. There
are nearly eighty species hitherto described under this genus, of which about sixteen
are living species including a fair number in the Pacific Ocean.

There are two fossil representatives of the genus Echinocyamus in our collection.

Echinocyamus crispus MAZZETTI, 1893
(Text-figs. 30 [5]a-d)

Echinocyamus crispus MazzeTTi, 1893, p. 239, pl. 13, figs. a-d.—MAzzeTTI, 1894, p. 215.—
ME1JERE, 1904, p. 105, pl. 6, figs. 48-50, pl. 18, figs. 300.—H.L. CLARK, 1914, p. 62.—
Fibularia crispa (MazzeTT1) LAMBERT and THIEAY, 1914, p. 292.—Echinocyamus crispus
MazzeTTi: KOEHLER, 1922, p. 137, pl. 12, figs. 16-17, 21.—Fibularia crispa (MAZZETTI) :
JEANNET and MARTIN, 1937, p. 239.—Echinocyamus crispus MAZzZETTI: MORTENSEN,
1948-b, p. 107.—MORTENSEN, 1948-c, p. 185 (complete synonymy), pl. 46, figs. 46-47, 55,
text-figs. 112a.—MoRIsHITA, 1953-a, p. 61, pl. 6, fig. 1.—MORISHITA, 1954-a, p. 225.—
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MorisHITA, 1960, p. 56.—Nisiyama, 1965, pp. 78, 85.

Echinocyamus elongatus H.L. CLARK, 1914, p. 61, pl. 126, figs. 9-11.—H. L. CLARK, 1925, p. 165.
—Fibularia elongata (CLARK) LAMBERT and THIERY, 1925, p. 577.—Echinocyamus elongatus
H.L. CLark : DurHAM, 1955, p. 83, text-fig. 8k (reproduced from H.L. CLARK, 1914).

Locality and geological horizon.—Plateau above Kami-Katetsu, Kikai-jima Oshima-
gun, Kagoshima Prefecture (Ryukyu Islands). Ryukyu Limestone, Pleistocene.
Hypotype.—IGPS coll. cat. no. 73756.

There are eighteen specimens referable to this species at the writer’s disposal,
ranging from 3mm to 7.5mm in longitudinal diameter. A well preserved specimen
is 6mm in logitudinal diameter, 48 mm in transverse one, and 2mm height.

Test rather high, oval in marginal outline, more constricted in the anterior than
the posterior part, which is well rounded. Transverse diameter being 0.8 of the
longitudinal, widest point situated at about the line through the distal ends of postero-
lateral ambulacra (I and V). Aboral surface markedly arched to the summit, highest
point situated at the posterior part of the apical system; in longitudinal profile, the
anterior slope almost equal to the posterior, or slightly more arched anteriorly; in
transverse profile, arched in regular form from the thick margin. Oral surface
markedly concave orally, particularly the peristome deeply sunken, and the test
posterior to the peristome decidedly concave.

Apical system situated at about 3mm from the anterior margin or slightly
eccentric anteriorly, with four genital pores markedly larger than the ambulacral
pores. Anterior pair of genital pores (2 and 3) placed closer together than the pos-
terior genitals (1 and 4); a madreporic pore situated at a little posteriorly between
anterior pair of genital pores (2 and 3), and smaller than a genital pore. Ocular
pores visible, though very minute, that of the frontal ocular (III) placed more outward
than that between the anterior pair of genital pores (2 and 3), those of antero-lateral
oculars (II and IV) stand midway between genitals of 1 and 2 and that of 3 and 4,
respectively ; but far apart from the center and consequently wider apart than the
anterior of genital pores. Postero-lateral ocular pores (I and V) placed posteriorly
than the posterior pair of genital pores (1 and 4), and far away from the center.

Frontal petal (III) about 1.5mm in length and about 0.5mm in breadth, with 7
or 8 pore-pairs on each side, slightly curved inwards near the distal end. Pairs of
pores slightly oblique, and the obliquity increases toward the distal end of poriferous
zone. Antero-lateral petals (Il and IV) slightly over 1.0 mm in breadth, have about 7
pore-pairs on each side, slightly curved inward as in the frontal petal. Postero-lateral
petals (I and V) slightly over 1.0mm in length and 0.6 mm in breadth, about 7 pore-
pairs on each side; pores as in the frontal petal.

There are many evident keel-like ridges with accessory pores proximally on the
ambulacra on aboral surface, those on the postero-lateral ambulacra (I and V) most
prominent, alternating with each other, and numbering about four or more ridges
on each side. Ridges on the antero-lateral ambulacra (Il and 1V) moderately developed,
and those on the frontal ambulacrum (IIl) not so prominent and rather faint.

Peristome situated at the center, 3mm from the anterior margin; pentagonal in
outline, measures over one mm in longitudinal diameter and also in transverse one,
very markedly concave orally.
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b. Oral view; c. Internal view; d. Side view.

a. Aboral view;

Periproct small, round or slightly elon-
gate transversely, placed at about midway
between posterior margin and the peri-
stome, less than half as large as peristome.

Tuberculation of test rather coarse and
large, larger than the genital pores. Glassy
tubercles insignificant.

Radiating partition walls within the
the test well developed, all of which exactly
reach the peristomial region, and well define
the interambulacra. Auricles rather broad,
high and situated at each interambulacrum,
where they are united with radiating parti-
tion walls. Ambulacra more than twice as
wide as the interambulacra at the ambital
region.

Although this species was originally
described from the Red Sea, it seems to be
common in the Fast Indies, where the
“Siboga” and *“Investigator” took this
species at many stations. It probably
spreads more eastwards down to Quam and
Hawaii Islands under the name elongatus
H.L. CLARK, 1914. The “ Albatross” took
the species at many stations in the Philip-
pines, furthermore MORTENSEN (1948-c, p.
48) and UTINOMI (1954, p. 353) reported the
occurrence of this species as far north as
southern japan, about North 33° latitude.

Fossils of this species were reported
from the Pleistocene of Ceram by JEANNET
and MARTIN (1937, p. 239), and this is the
first record of fossil from the Ryukyu
Islands.

Echinocyamus prostratus NISIYAMA, 1. Sp.
(Text-fis. 31 [6]a-d)

Holotype.—1GPS coll. cat. no. 73757.
Locality and geological horizon.—Plateau

above Kami-Katetsu, Kikai-jima, Oshima-gun, Kagoshima Prefecture (Ryukyu Islands).

Ryukyu Limestone (Pleistocene).

There are six specimens referred to this new species at the writer’s disposal,
ranging from 4.5mm to 8 mm in longitudinal diameter.
Test low, flat, oblong, rather narrow, elongated oval in marginal outline, slightly
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‘more contracted in anterior part than the posterior; posterior interambulacrum (5)
slightly protuberance posteriorly, so there are slight but distinct notches on the
margins corresponding to the postero-lateral ambulacra (I and V). Widest of trans-
verse diameter situated at margin about one-third from the posterior end. Aboral
-surface slightly arched to the apex from margin of test, highest point situated at
just posterior of the apical system; in longitudinal profile, anterior slope somewhat
‘straighter or less arched than the posterior slope, posterior part arched more rapidly
from margin, thicker and tumider than the anterior; in transverse profile, test slightly
.arched in regular form from the relatively thick margin, and its outline approaches
-.crescent above the marginal contour of test. Oral surface flattened somewhat along
the longitudinal median area, and slightly concave orally at least from periproct to
peristome. Margins of adoral surface rounding onto side, which are more or less
‘round.

Dimensions of holotype.—8 mm in longitudinal diameter, 5mm in transverse one,
and about 2 mm in height.

Apical system rather small, markedly arched above, four genital pores decidedly
‘larger than the ambulacral pores, situated at over 4 mm from the anterior extremity
and slightly eccentric to posterior. Anterior pair of genital pores (2 and 3) placed
closer together, 0.4 mm across, than the posterior pair (1 and 4), which 0.8 mm across.
There is a small pore posterior to between the anterior pair of genital pores, it is
probably a madreporic pore. Ocular pores exceedingly minute, only visible under
‘high magnification and by careful examination.

Petals rather broad, short, subequal, and rudimentary. Poriferous zones almost

Fig. 31 [6]. Echinocyamus prostratus NISIYAMA, n. Sp., x 7.3.
a. Aboral view; b. Oral view; c. Internal view; d. Side view.
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straight, broad in their course, and outline slightly petaloid. Frontal petal (III), 21r'1m=
long and 0.6mm wide, slightly incurved at the tip; pores round, subequal, or with.
outer pore of a zone slightly larger, pores of a pair being wide apart, with no trace
of conjugation. Pairs of pores slightly oblique, amount of obliquity increases towar.ds-
distal end of the poriferous zone. Inner pores of companion zone form vertical series.
parallel with one another, interporiferous zone consequently of relatively ~uniform
width, which slightly raised than the poriferous zones. Antero-lateral petals (II and
IV) having seven or eight pore-pairs in each side, about 1.6 mm long by 0.6 mm wide,.
slightly incurved at distal end as in the frontal, but relatively narrower than that..
Postero-lateral petals (I and V), 2mm long and 0.6mm wide, having eight or nine
pore-pairs on each side; pores as in the frontal petal. '

Peristome situated at centre, 4 mm from the anterior margin, elongated penta--
gonal in outline, elongated longitudinally, one mm in longitudina! diameter and 0.7°
mm in transverse one, and slightly concave orally.

Periproct very large, elongated oval in outline, placed longitudinally, situated at
about midway between posterior margin and peristome, one mm in longitudinal dia-
meter, and 0.5mm in transverse one. Length twice the breath, and the length about.
as same as diameter of inner margin of the peristome.

Tuberculation on the test rather large, consists of small primary tubercles sunken.
in.deep scrobicules irregularly distributed over each surface. Primary tubercles more:
or less larger than genital pores, and glassy tubercles insignificant.

Radiating partition walls within the test fairly well developed, a pair of the
posterior interambulacrum (5) well rounded the periproct, but those of other inter-
ambulacra scarcely reached the peristomial region. Auricles rather narrow, decidedly
narrower than those of Ech. crispus (loc. cit.), but relatively high. Ambulacra more.
than twice as wide as interambulacra at the ambital region.

Distinction.—This new species occurs meet with Ech. crispus, but is easily dis--
tinguished from the latter species, even in elongatus-type, by the elongated periproct,.
the flatness of the aboral surface and flattened oral surface, which of the latter-
evenly concave orally.

This is the most distinct and easily recognized species among the genus Echino--
cyamus, and the large and much elongated oval periproct placed longitudinally, the
produced posterior interambulacrum (5) and notches of the postero-lateral ambulacra.
(I and V) form a notable combination of characters of this species.

This species has a peculiar form of the periproct as that of Cyamidia nummulitica
(DuNCAN and SLADEN, 1884) (Echinocyamus nummuliticus DUNCAN and SLADEN, 1884,
p. 132, pl. 25, figs. 14-20), from the Nummulitic Series (Eocene) of India, but it is.
regrettable that DUNCAN and SLADEN sliped to describe the internal structure of
that species. This species is also distinguished from that species by having a nar-
rower and more flattened test. This species also superficially resembles Fibularia
(Fibulariella) acuta YOSHIWARA, 1898 (YOSHIWARA, 1898, p. 57.—TOKUNAGA, 1903, p..
7, pl. 2, figs. 5-6), from the Japanese Seas, but is easily distinguished from that

species by having the radiating partition walls within the test when the interior of:
test is clearned.
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Genus Fibularia LAMARCK, 1816

Fibularia Lamarck, 1816, p. 16.—BrLaINVILLE, 1830, p. 192.—DEsmouLiNs, 1835-37 (35), p.
186.—Acassiz, 1836, p. 186 (19).—Acgassiz and DEsor, 1846, p. 142.—GrAY, 1855-a, p.
28.—DESOR, 1855-58 (57), p. 220.—A. Agassiz, 1872-74 (73), p. 506.—PoMEL, 1883, p. 73.—
Duncan, 1889-a, p. 146.—CoTTEAU, 1889-94 (92), p. 390.—MORTENSEN, 1907, p. 38.—
H.L. CLark, 1911, pp. 598, 605.—H.L. CLARK, 1914, p. 56.— KOEHLER, 1922, p. 132.—
H.L. CLark, 1925. p. 162.—MORTENSEN, 1932-e, pp. 351-355.—H. L. CLARK, 1946, p. 347.—
MORTENSEN, 1948-c, p. 203 (complete synonymy).—TERMIER and TERMIER, 1953, p. 924.
—DurnawM, 1955, p. 132, text-figs. 5d, 6g.—KIER, 1957, p. 870.—CooxkE, 1959, p. 30.

Logotype.—Fibularia ovulum LAMARCK, 1816, p. 17.—A. AcGassiz, 1872-74, p- 507, pl. 13e,

figs. 1-3 (Indian Ocean). [Acassiz and DEsOR, 1847, p. 140.—Bull. Zool. Nomencl., 1950,
vol. 4, p. 5197.

Echinocyamus vAN PHELSUM : LAMBERT, 1891, p. 749.—LAMBERT and THIERY, 1914, p. 287.

Logotype.—Echinocyamus craniolaris LEsSKE, 1778, p. 214. (LAMBERT and THIERY, 1914, p.

287).

Test small, inflated, elongate ovate to sub-circular. Apical system small, central,
‘with large madreporite. Petals often very slightly developed, open, with few pore-
pairs. Pores non-conjugate, usually oblique. Peristome usually rounded, often sunken ;
periproct small, usually rounded, on oral surface close to peristome. No internal
radiating partitions or walls. Hydropores only one or two, placed in a small, sunken
groove. Buccal membrane naked. Five large periproctal plates. Usually lacking
accessory and buccal pores. Tube-feet without calcareous disc. Radioles as in
Echinocyamus (mainly after Kier, 1957, and DURHAM, 1955).

From the Upper Cretaceous (Senonian) to Recent.

Fibularia is very similar to Echinocyamus. The main difference between this
genus and Echinocyamus is the total absence of internal radiating partition walls.
In general the shape is higher, more globular, or it is elongate, more or less pointed
in both ends; but the shape does not give a reliable distinction between the two
‘genera. In Fibularia there are usually no accessory pores, except only one case—Fib.
nigeriae HAWKINS, 1912 (HAWKINS, 1912-c¢, pp. 297-301)—it has accessory pores. The
presence of both accessory pores and radiating partition walls, as described by KIER
(1957, p. 859), seems to be related to one another.

As to the name of the type-species, H.L. CLARK (1914, p. 57) took regrettable
step of changing the hitherto unanimously used the name ovulum LAMARCK to name
.craniolaris LESKE, and latter writers have adopted the name craniolaris without go-
ing critically into the matter (as it was to the writer as one of authors). In study-
ing this nomenclatorial question on carefully, MORTENSEN (1948-c, p. 108) found that
LESKE’s fourteen names based on the figures of VAN PHELSUM, including craniolaris,
are reality only one and the same species, and all the other thirteen nominal species
are synonyms of Echinocyamus pusillus (O.F. MULLER, 1776), from the Adriatic Sea
and the type-species of the genus Echinoyamus. The LAMARCK’s second species, Fib.
ovulum (p. 17), is characterized as being of the high type, which is in all later
echinelogical literatures (up to LAMBERT) designated as Fibularia.

This genus dates from the Upper Senonian, one of the oldest occurrence among
‘the order, and ranges to the Recent seas, and is confined chiefly to the East Indian
regions and the Pacific in the Recent distribution, ranging from Japan to Australia,

but a few are also known from the Red Sea.
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Fibularia cribellum MEIJERE, 1904

Fibularia cribellum MEIJERE, 1904, p. 112, pl. 6, figs. 53-54, pl. 18, figs. 313-314.—H. L. CLARK,.
1914, p. 58.—Echinocyamus cribellum (MELJERE) LAMBERT and THIERY, 1914, p. 283.—
Fibularia cribellum MEERE : KOEHLER, 1922, p. 139, pl. 22, fig. 20.—Echinocyamus cf.
cribellum (MELJERE) : JEANNET and MARTIN, 1937, p. 238.—Fibularia cribellum MEIJERE :
MORTENSEN, 1948-b. p. 109.—MORTENSEN, 1948-c, p. 212, pl. 46, figs. 19-20, text-fig. 95.

Locality and geological horizon.—Plateau above Kami-Katetsu, Kikai-jima, Oshima-
gun, Kagoshima Prefecture (Ryukyu Islands). Ryukyu Limestone, Pleistocene. Hypo-
type.—IGPS coll. cat. no. 73755.

There are five specimens referable to this species at the writer’s disposal, rang-
ing from 3.5mm to 5mm in longitudinal diameter.

Large specimen measures 5mm in longitudinal diameter, 4 mm in transverse one,.
and 2mm in height. Test high, height about two-fifths of longitudinal length, oval
in marginal outline, contracted in anteriorly than posteriorly, which is well rounded..
Transverse diameter being about 0.8 of the longitudinal, widest point situated at
about one-fourth from the posterior extremity. Aboral surface arched to the sum-
mit, highest point situated just posterior to the apical system; in longitudinal pro-
file, posterior slope more arched than the anterior; in transverse profile, both slopes.
arched in regular form from inflated margin. Oral surface somewhat concave to
the peristome and anterior part more or less rounded.

Apical system large, situated at about 25mm from the anterior margin, with
four genital pores, which much smaller than the ambulacral pores; madreporite with
only one hydropore placed at a little posteriorly between anterior pair of the genital
pores (2 and 3); ocular pores not observable.

Ambulacral pores large, round in shape, decidedly larger than the genital pores,
flush on aboral surface and petals not well defined; ambulacral pores very few in
number, total number being 30 in all subpetals together; there are no rows of acces-
sory pores.

Peristome situated at centre, 25mm from the anterior margin, rounded deca-
gonal in outline, slightly elongated longitudinally, about 0.8 mm in longitudinal dia-
meter.

Periproct small, rounded-oval in outline, slightly elongated transversely, 0.5 mm
in transverse diameter, placed at about midway between posterior margin and the
peristome.

Tuberculation on the test rather coarse and large, primary tubercles as large as.
or slightly larger than the genital pores. Glassy tubercles insignificant.

No radiating partition walls within the test; auricles broad and high. Ambulacra
nearly twice as wide as the interambulacra at the ambital region; interambulacral
plates near the ambital region high, hexagonal in form; ambulacral plates somewhat
lower and decidedly broader than the interambulacral plates.

This small species is we!l characterized by its few but large rounded pores of
the subpetals and does not appear to grow longer than seven mm in longitudinal
diameter. Fib. cribellum resembles Fib. volva AGASSIz, 1846 (AcAssiz and DESOR,.
1846, p. 142.—H.L. CLARK, 1921, p. 151, pl 35, fig. 6.—MORTENSEN, 1948-c, p. 213, pl..
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46, fig. 5, text-fig. 117b (the type)), a Recent species of East Indies, but the type-
locality uncertain—probably the Red Sea; but is distinguished from that species by
having the fewer and larger ambulacral pores, and by the more oval form of test.
This species also much resembles Fib. (Fibulariella) angulipora MORTENSEN, 1948
(MORTENSEN, 1948, p. 72.—MORTENSEN, 1948-c, p. 22, pl. 46, figs. 21-25, pl. 56, figs. 5-
6, text-fig. 95), from the Gulf of Siam, in the form of test and in the feature of
petals, but differs from that species in having the rounded ambulacral pores, in that
species ambulacral pores marksadly triangular, and the only one madreporic pore
(hydropore), in that species several madreporic pores.

This species seems to be common in the Malay region, from Sulu Sea to Timor
Sea, and Kei Islands, where the “ Siboga ” and “Investigator ” took the specimens at
many stations, and it spreads more northwards to the Philippines, where the “ Al-
batross ” collected the species at stations. Bathymetrical range of this species is
recorded from 15 to 400 metres, very rarely down to 522 metres in depth.

The fossils referred to this species were reported from Pleistocene of Ceram by

JEANNET and MARTIN (1937, p. 238), and this is the first record of fossil in northern
hemisphere.

Subgenus Fibulariella MORTENSEN, 1948
Fibulariella MORTENSEN, 1948, p. 72.—MORTENSEN, 1948-c, p. 219.—DurHAM, 1955, p. 133
(genus).
Orthotype.—Fibularia acuta YosHIwARA, 1898, p. 57.—Yosuiwara (Tokunaca), 1907, pl.
14, figs. 3-4 (Japan, Recent).

Similar to Fibularia, in general characters of test, but differs from it in having
the periproct usually elongate, and periproct being covered with small irregular
plates. Hydropores may be several isolated pores, ca. 8-10, scattered irregularly over
anterior part of apical system, not in a groove. Buccal membrane contain (or covered
with) numerous small plates. Tube-feet contain a small, but well developed calcareous
disc. Globiferous pedicellariae of peculiar type present, but ophicephalous pedicel-
lariae (apparently) lacking (mainly after MORTENSEN, 1948-c, and DURHAM, 1955).

The type-species, Fib. acuta YOSHIWARA, 1898, together with Fib. marioi COTTEAU,
1895 (CoTTEAU, 1895, p. 19, pl. 3, figs. 11-14) are referred to Thagastea POMEL, 1883
(p. 100), by LAMBERT and THIERY (1914, p. 288), but the two species have no distinct
groove in the frontal ambulacrum (III) on oral surface, the presence of it is said to
be the character of Thagastea.

The characters of this subgenus can be safely apply to the living specimens
which have still buccal membrane, tube-feet, and pedicellariae, but in fossil state it
would be difficult to differentiate from Fibularia. However, if well-preserved denuded
test or fossil specimens are available, the features of hydropores and periproct should
be recognizable.

Fibularia (Fibulariella) acuta YOSHIWARA, 1898
(Pl. 13, figs. 3-4, 11, text-figs. 32 [7]a-b)

Fibularia acuta YOSHIWARA, 1898, p. 57.—YOSHIWARA, 1899, p. 4.—YOSHIWARA, 1900., p. 38.7
(in Japanese).—Echinocyamus acutus (YosHIwWARA) LAMBERT, 1899, p. 121.—Fibularia
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acuta YOSHIWARA : TOKUNAGA, 1903, p. 7, pl. 2, figs. 5-6.—Echinocyamus acutus (YosHI-
WARA) : LAMBERT, 1904-a, p. 148.—Fibularia acuta YosHiwARA: YosHIwARA (Toxu-
NAGA), 1907, pl. 14, figs. 3-4.—Echinocyamus (Thagastea) acutus (YOSHIWARA) : LAMBERT
and THIERY, 1914, p. 288.—Fibularia acuta YosHiwara: H. L. CLARK, 1914, p. 58, pl. 126,
figs. 1-4 (type).—Thagastea acuta(YosHiwaRA) COLLIGNON and CoTTREAU, 1927, p. 144
(12).—Fibularia acuta YOsHIWARA : Nis1YAMa, 1937, p. 55.—Fibularia (Fibulariella) acuta
YOSHIWARA : MORTENSEN, 1948, p. 72.—Fibularia acuta YOSHIWARA : MORTENSEN, 1948-b,
p. 109.—Fibularia (Fibulariella) acuta YOSHIWARA: MORTENSEN, 1948-c, p. 219 (complete
synonymy), pl. 46, figs. 27-28, pl. 69, figs. 3-4, 9, 11, 14, text-figs. 104d, 125.—ToKIOKA,
1953, p. 146 (24), text-figs. 1-2.—UTtiNomi, 1954, p. 353.

Locality and geological horizon.—IGPS loc. no. Ch-32.—Road-side cutting at Kawa-
guchi, Narita-machi, Inba-gun, Chiba Prefecture (tm Narita, Lat. 35°47/N., Long.
140°20’E.). Narita formation, Pleistocene. Hypotype.—IGPS coll. cat. no. 15178.
 Locality and geological horizon.—IGPS loc. no. Ty-13.—Takinokawa, Kita Ward,
Tokyo Prefecture (tm Tokyo Toéhoku-bu (Tokyo Northeast), Lat. 35°44/26”N., Long.
139°45/34”E.). Tokyo formation, Pleistocene. Hypotype.—IGPS coll. cat. no. 7135.

Locality and geological horizon.—IGPS loc. no. Ch-31.—Road-side cutting at Hos-
saku, Kioroshi-machi, Inba-gun, Chiba Prefecture (tm Sakura, Lat. 35°49’42”N., Long.
140°07/34”E.). Narita formation, Pleistocene. Hypotype.—IGPS coll. cat. no. 27454.

There are more than thirty specimens referable to this species at the writer’s
disposal, ranging from 3.5 mm to 8 mm in longitudinal diameter.

Large specimen measures 7.5mm in longitudinal diameter, slightly less than 5
mm in transverse one, and about 2.5mm in height. Test low, height about one-third
of longitudinal diameter, oval in marginal outline, constricted in anterior part than
the posterior, which varies pointed to well rounded. Transverse diameter being 0.65
of the longitudinal, widest length situated at about one-third from the posterior ex-
tremity. Aboral surface not arched, more or less flat, highest point situated just
anterior to the apical system; in longitudinal profile, posterior slope somewhat lower
and shorter than the anterior slope; in transverse profile, both slopes gradually raised
to the summit from rather thick margins. Oral surface more or less concave to the
peristome, apart from the periproct to posterior margin somewhat rounded.

Apical system situated about 3 mm from the anterior margin, somewhat eccentric
in front, with four genital pores, which as large as or more or less larger than the
ambulacral pores; madreporic pores (hydro-
pores) numerous, about 10 in number; ocular
pores as usual.

Frontal petal (III) rather well defined;
pores of the petal small, usually smaller than
genital pores; the longest of all petals, over
half the test-radius, diverging greatly and
much open distally, with about 6 pore-pairs
in each poriferous zone; pore-pairs very ob-

_ Fig. 32 [7]. Test structure of lique (Text-fig. 32 [7]a). Antero-lateral petals
Fibularia (Fibulariella) acuta YosHI- . ..
WARA, 1898, (I and IV) short, with about 5 pore-pairs in
a. Structure of aboral surface, x2.8. each poriferous zone, the pore-pairs oblique
b. Structure of oral surface, x2.8. as in the frontal. Postero-lateral petals (I and
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V) with about 6 pore-pairs in poriferous zone, and extending about half the test-radius.

Peristome situated at near centre, 3.5mm from the posterior margin, rounded
-decagonal in outline, slightly elongated longitudinally, about 1.2mm in logitudinal
-diameter.

Periproct small, scarcely half the peristome or less, more or less elongated long-
itudinally, 0.6mm in longitudinal diameter, close to peristome, situated at junction
between basicoronal and first pair of post-basicoronal plates, about one-fourth of test-
radius from the peristome (Text-fig. 32 [7]b).

Tuberculation rather coarse, primary tubercles much larger than the genital
pores; no prominent tubercles near the peristomial region.

This species now living northern (e.g., Miyako Bay in Sanriku Coast), central
(Sagami Bay) and western Japan (Kyushu), and southwards as south as Bonin Islands
and Formosan Channel or to the Philippines, in down to 75 metres depth. The
original figures of YOSHIWARA (TOKUNAGA) (TOKUNAGA, 1903, pl. 2, figs. 5-6) repre-
sent more or less pointed both ends of test, but another figures of H.L. CLARK (1914,
pl. 126, figs. 1-4, from Kyushu, one of the syntypes) and figures of ToOKIOKA (1953,
text-figs. 1-2) show test having the rounded posterior end. The forms from western
Japan slightly differ from those from central Japan in the marginal outline of test.
The forms from northeastern and northern Japan (e.g. Miyako Bay, Sendai Bay,
and near Kyuroku-shima in the Japan Sea) can be discriminative as a local subspecies
(or variety) in having the clearly pointed posterior end and more regular arrange-
ment of primary tubercles on the test, particularly on the petaloid area, and here
names the form as Fibularia (Fibulariella) acuta septemtrionalis (Pl. 13, figs. 5, 12).

Genus Sismondia DESOR, 1857

Sismondia DEsOR, 1855-58 (57), p. 225.—DujarpiN and Hurfg, 1862, p. 556.—PoMEL, 1883,
p. 72.—DuxcaN and SLADEN, 1884, p. 137.—CoTTEAU, 1889-94 (91), p. 26l.—Duncax,
1889-a, p. 145.—OPPENHEIM, 1901, p. 90.—LAMBERT and THIERY, 1914, p. 296.—Nisivama,
1937-a, p. 41 (foot-note).—H. L. CLARK, 1946, p. 350.—MORTENSEN, 1948-c, p. 234 (complete
synonmy), text-figs. 145a-d, 146, 147a-b, 148, 149a-c, 150.—TERMIER and TERMIER, 1953,
p. 925.—DuRrHAM, 1955, p. 141, text-fig. 31b.

Logotype.—Scutella occitana DEFRANCE, 1827, p. 231 (Eocene of Manche).—Sismondia
occitana (DEFRANCE) : CoTTEAU, 1889-94 (91), p. 272, pls. 271-272, pl. 273, figs. 1-6
[(PoMEL, 1883, p. 72.—LamBERT and THIERY, 1914, p. 296].

Sismondaea MAYER-EvMAR, 1897, p. 2.

Logotype.—Sismondaea macrophylla MAYER-EYMAR, 1897, p. 2, pl. 3, fig. 1 (Eocene of Egypt).
[Here definitely designate].

Small to medium size, ovoid or subpentagonal, moderately flattened, but usually
with margins thickened; oral surface slightly concave, apical system rarely raised.
Petals distinct and long, moderately open, somewhat lyrate, length about three-fourths
or more the corresponding radius; pore-pairs usually conjugate, outer pore moder-
ately elongate. Apical system central, with four genital pores, hydropores in a groove
(in type-species), or one. Peristome central, somewhat pentagonal, in a slight depres-
sion: oral ambulacral furrows more or less distinct or indistinct. Periproct on oral
surface, close to peristome, a single pair of plates between periproct and basicoronal
row (in type-species). Ambulacra about three times as wide as interambulacra at
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ambitus. Basicoronal plates of moderate size, forming a well-defined star, interambu-
lacral plates larger than ambulacral plates. About eight post-basicoronal ambulacral
plates to a column on oral surface (in type-species). Strong more or less branching,
internal radiating partition walls (from DURHAM, 1955, and MORTENSEN, 1948-c).

From the Eocene to Miocene.

In his study of the Clypeasteroid genera, DURHAM (1955, pp. 139, 141) referred
this genus to the family Laganidae rather than to the Fibulariidae as formerly re-
ferred to. He regarded that the features characterized by the type-species, Sis.
occitana,—the specialized basicoronal plates in a star, the conjugate pore-pairs in the
petals, the hydropores in a groove, and the incipient concentric internal supports—
all indicate that it is a primitive member of the Laganidae. It is a fact that Sis-
mondia shows an incipient complication of the internal skeletal supports a closer
relation between it and the Laganidae, but it can hardly be the direct ancestor of
the Laganidae on the evidence of geological occurrence of them.

This is an extinct genus dates from the Eocene and diminishes in the Lower
Miocene, in Europe, Africa, India, Asia, Indo-Pacific, and Australia, with comprising
about twenty species. This genus differs from Echinocyamus in having the more
definite plating of the apical system, the longer and more definite petals, and in the
pore-pairs connected by a groove. Furthermore, the test of Sismondia is flatter and
more pentagonal, although in some of Echinocyamus the shape of the test may ap-
proach that typical of that genus. But, the distinction of this genus from Echino-
cyamus is somewhat dubious in certain point. In his study of the Tertiary Echino-
idea, KIER (1957, pp. 859-870), after the examination of numerous specimens, claimed
that the Eocene-Oligocene species, Sis. polymorpha DUNCAN and SLADEN, 1884 (1884,
p. 137, pl. 25, figs. 1-13) could not be classified into this genus, but should be into
Echinocyamus. He stated (1957, p. 862) that the supposed conjugate pore-pair in the
Indian original specimens may have mistaken the horizontal sutures between the
ambulacral plates, which pass through the pores, for conjugation furrows. The
specimens from the Miocene formation in our collection seem to be having the similar

furrows in the poriferous zones. However, they are provisionally classified into the
genus Sismondia.

Sismondia convexa NISIYAMA, 1937

Sismondia convexa Nisiyama, 1937-a, p. 41, text-figs. 1-13 on page 44.

Locality and geological horizon.—Minami-zaki, Chichi-jima (Peel Island), Bonin
Islands. Eulepidina-Limestone. Lower Miocene (Aquitanian). Holotype.—IGPS coll.
cat. no. 7100a. Paratypes.—IGPS coll. cat. no. 7100b. Hypotype.—IGPS coll. cat. no.
60325.

This is, beyond doubt, one of the best defined species in the genus Sismondia,.
and is characterized by much convex form and the ambital margin of test, form of
the petaloid area, mode of occurrence of the accessory pores along the adapical
sutures of the ambulacral plates, all which form a notable combination of characters.
The convexity of this species does not seem to have been effected by either outer
physiological or by pathological deconstruction phenomena, as being the arrangement.
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of the coronal plates or the petaloid area very regularly placed and there are no
traces of fracture on the tests. In regarding the convexity of test only, this species
simulates Porpitella supera (AGASSIZ, 1841) (Scutellina supera AGassiz, 1841-b, p. 103,
pl. 21, figs. 15-19.—Porpitella supera (AGASsSIZ) POMEL, 1883, p. 72.—Eocene of Grignon),
thus suggesting “ parallelism ” in development subject to environmental influences
and not an indication of genetic connection. Sismondia converxa seems to be the
nearly final representative of the genus.

Considerable variation occurs in the specimens at the writer’s disposal in the
shape of the marginal outline of the test. The change seems to be apparently related
to both size and developmental stage. The ambital outline may assume almost any
form from rounded-ovoid as in the small existing Echinocyamus platytatus H. L.
CLARK, 1914 (1914, p. 27, pl. 123, figs. 13-16, pl. 127, figs. 1-6) (in small specimens), to
decagonal-ovoid, characteristic of the living sea-urchin Clypeaster japonicus DODER-
LEIN, 1885 (loc. cit.) and Cly. europacificus H.L. CLARK, 1914 (1914, p. 27, pl. 123, figs.
13-16, pls. 129-131, 136, fig. 1), but much smaller (in large specimens). Since all
coronal plates have undergone considerable changes in size, and often in shape, dur-
ing the growth of the test.

Sismondia javana ladronensis NISIYAMA, n. subsp.
(PL 13, figs. 6, 8-10, 13-16, pl. 14, figs. 3-8)
Sismondia polymorpha DuNcaN and SLADEN?: CoOKE, 1957, p. 362, pl. 119, figs. 9-13.

Holotype.—IGPS coll. cat. no. 73737.

Locality and geological horizon.—In a doliné at Denshin-yama, Saipan Island,
Micronesia, South Sea Islands. Tagpochau formation, Miocene (Eulepidina-Spirocly-
peus horizon; Sismondia zone). Holotype and paratypes.

Locality and geological horizon.—Tanapako, western slope of Denshin-yama, Saipan
Island, Micronesia, South Sea Island. Donney (Tagpochau) formation, Miocene (Eule-
pidina-horizon). Hypotype.—IGPS coll. cat. no. 73738.

There are thirty-three specimens referred to this new subspecies at the writer’s
disposal, ranging from 3.5mm to 12mm in longitudinal diameter.

Holotype measures 15.5mm in longitudinal diameter, 10 mm in transverse one,
and 2.5mm in height. Test stout, depressed, subovoid in marginal outline, with a
tendency towards pentagonal, slightly contracted anteriorly and feebly truncated
posteriorly. Aboral surface more or less nearly plane, excepting for slightly raised
petals, and sloping slightly from the highest point to thick and well rounded margin.
Oral surface more or less concave and regularly depressed around the peristome.

Petaloid area rather large, its total length about 8 mm long; petals subequal,
about 3mm long and 1.8 mm wide, open by a millimeter at their distal ends, pori-
ferous zones (15-16 pore-pairs on each side) rather broad, broadest near middle of
petals, outer poriferous zones a little convergent near their bases and then somewhat
divergent distally, inner zones of poriferous zones usually slightly divergent through-
out; pores round or ovoid in shape, pairs slightly oblique and connected by a shallow
groove (horizontal suture between the ambulacral plates) ; interporiferous zones broad,
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over about twice that of the poriferous zones at the widest part; interporiferous
zones raised, particularly in the postero-lateral petals (I and V), and there are about
four longitudinal series of primary tubercles on median area of the interporiferous
zones ; minute (accessory) pores in petals scarcely obsc_ervable, few in number, 3 or 4,
and arranged in a row near adapical sutures of the plates.

Apical system eccentric in front, about 4.5mm from the anterior margin of test;
somewhat raised and small, tuberculated, with four genital pores close to interradial
angles of the madreporite; ocular plates small and somewhat escutcheon-shaped with
apex directed away from the center and occupy a place at junction of two neigh-
bouring genital plates, so that the ocular pores placed further outer side than genital
pores; large hydropore seems to be one, placed nearly a center of the system.

Peristome nearly central on oral surface, small and subdecagonal in outline, about
1mm in diameter. Periproct round, about 0.7 mm in diameter, situated just midway
between peristome to the posterior margin, probably a single pair of plates between
periproct and basicoronal row, as usual. Tuberculation rather sparse, appearing im-
perforate, sunken in deep scrobicules, and primary tubercles larger than the am-
bulacral pores. Radiating partition walls within the test (in paratypes) well de-
veloped, stout and rather broad as in Sis. javana.

Distinction.—This new subspecies closely resembles Sis. javana GERTH, 1922
(GERTH, 1922, p. 502, pl. 62, figs. 4-4a.—JEANNET and MARTIN, 1937, p. 241, text-figs.
24-25), from the Lower Miocene formation of West Progo Mountains in Java, and
probably conspecific with that species, but it differs from the typical species in hav-
ing the borader and lower test, and by the raised and broader petals. This species
also seems to be related to Sis. polymorpha DUNCAN and SLADEN, 1884 (DUNCAN and
SLADEN, 1884, p. 137, pl. 25, figs. 1-13), from the Khirtar Series of western Sind in
India. After an examination of numerous specimens from the Eocene formation of
British Somaliland, KIier (1957, p. 859) referred that species to Echinocyamus, and
recognized the developmental trend of that species—that towards a more elongate
shape and a movement of the periproct towards the peristome. COOKE (1957, p. 363)
also took Sis. polymorpha as a very variable and long ranged species—including Sis.
murravica TATE, 1893 (TATE, 1893, p. 193, pl. 13, fig. 5.—DurHAM, 1955, p. 141, text-
fig. 27e), from the Miocene of Australia, Sis. javana (loc. cit.), and Sis. convexa NISI-
YAMA, 1937 (loc. cit.), all probably become junior synonyms of that species—identified
his specimens from the Miocene formation of Saipan Island with that species with
a some suspension. But this subspecies is distinguished from that species by the
position of the periproct—in that species the periproct is situated at junction between
the second and third post-basicoronal interambulacral plates, whereas in this sub-
species at junction between the first and second post-basicoronal interambulacrals—
it cannot be considered conspecific each other—notwithstanding the developmental
trend of that species—, and the broader and lower test—contrasting the general trend
of that species. This subspecies is also related to the young specimens of Sis. con-
vexz, from the Miocene of Chichi-jima in Bonin Islands, but differs from that species
in having the ovoidal form of test, the broader petals and more curved poriferous
zones, and the raised interporiferous zones of petals. The three forms from the
Lower Miocene, viz., Sis. javana, Sis. javana ladronenis, and Sis. convexa, in the West
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Pacific region seem to be closely related and can be considered even conspecific one
another, and they may flourished in the warm sea before their extinction.

Family LAGANIDAE DESOR, 1857

Laganes DEsOR, 1855-58 (57), p. 216 (Tribe; pro parte).—Laganiens DujarDIN and HUPE,
1862, p. 556 (partim).—Laganidae DEsOR: A. Acassiz, 1872-74 (73), p. 516.—BELL, 1883,
p. 130.—Laganiens PoMEL, 1883, p. 69.—Laganidae A. AGassiz: DUNCAN, 1889-a, p. 156.—
Laganidées CoTTEAU, 1889-94 (91), p. 248.—Laganidae A. Acassiz: GREGORY, 1900-b, p.
317.—MEISSNER, 1904, p. 1380.—H.L. Crark, 1911, p. 604.—H.L. CLARK, 1914, p. 43.—
Laganidae DuNcaN: LAMBERT and THIERY, 1914, p. 310.—Laganidae A. AGASSIZ:
KOEHLER, 1922, p. 78.—H.L. CLARK, 1925, p. 155.—H. L. CLARK, 1946, p. 342.—MORTENSEN,.
1948-c, p. 238 (complete synonymy).—TERMIER and TERMIER, 1953, p. 925.—Laganidae
Desor: DurHAM, 1954, p. 677.—DurHAM, 1955, p. 138.

Type-genus.— Laganum LiNk, 1807.

Small to large forms; test flattened, seldom discoidal, outline varying from an-
gulated to rounded, with a complicate structure of internal supports. Petals well
developed, open, outer member of pore-pair slightly elongated, pores usually conjugate.
Apical system central; genital pores four or five, exceptionally six; hydropores
numerous. Peristome central; periproct on oral side between peristome and posterior
edge of test. Oral ambulacral furrows simple, distinct, not reaching margin. Inter-
ambulacra continuous on oral surface, very narrow ; adapical terminal interambulacral
plate single, rhomboidal in outline. Basicoronal plates forming well-defined pen-
tameral star with ambulacral plates at apices of rays; no abrupt change in size of
oral post-basicoronal ambulacral plates. Ambulacral structure within the petals
simple, “laganid ” type. Primary radioles simple, short, with a regular axial canal;
miliary radioles smooth, with a terminal crown. Pedicellariae of tridentate, triphyllous,
and ophicephalous types. A single sphaeridium in each ambulacrum, wholly covered
over. No spicules in tube-feet or internal organs. Larva with skeleton basket struc-
ture (mainly after MORTENSEN, 1948-c, and DURHAM, 1955).

From the Eocene to Recent.

The family Laganidae differ from the Neolaganidae, to which all the New World
species referred (DURHAM, 1954), in having the simple plates in the petals and the
basicoronal plates in a well-defined pentameral star, as well as the shape of the
adapical terminal interambulacral plate. The main distinction between the Laganidae
and the Fibulariidae is in the internal skeletal supports, that is simple radiating
partition walls, or no internal skeleton at all in the Fibulariidae, and a more com-
plicate skeletal supports in the Laganidae. It seems probable that the Laganidae,
Eolaganidae, and the Fibulariidae may have evolved as three parallel stems from
the common ancesters; otherwise the Laganidae and the Neolaganidae must have a
different immediate ancestor from the Fibulariidae.

A historical sketch of the modern classification of the family Laganidae is as
follows. H.L. CLARK (1911, p. 604.—1914, p. 43.—1925, pp. 155-162.—1946, p. 342) had
under the family only two genera, viz., Laganum and Peronella. LAMBERT and
THiIERY (1914, pp. 310-314) had under their “subfamily ” Laganidae a tribus Echino-
discinae including Echinodiscus and Peronella, and another tribus Rumphinae includ-
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ing the genera Merriamaster, Rumphia, Jacksonaster, and Laganum. The fossil Mer-
riamaster is a only genus that additioned to the family by the two authors. Their
division of Peronella into three genera, Echinodiscus, Peronella and Rumphia, and of
Laganum into Jacksonaster and Laganum, seems to be based on a slight difference
of the features. MORTENSEN (1948-c) had under the family the genera Laganum
and Peronella, as already did so by H.L. CLARK. Finally DURHAM (1955, pp. 139-144)
had under the family Laganidae the genera, Laganum, Peronella, Sismondia, Hupea,
Peronellites, Rumphia, Jacksonaster, and Fibulina. The genus Peronellites is a fossil
form, and the genera Sismondia and Fibulina are removed from the Fibulariidae and
referred to the Laganidae. The distinctions of the genera, as the usage of DURHAM,
excepting Sismondia, Peronellites, and Fibulina, of the family are best seen in the
following table. '

Hydropores Periproct

Genital pores

Laganum .

(L. laganum) 5, within madreporite in a groove radially elongate
Jacksonaster ,

(J. depressus) 5 or 6, variably situated | in a groove transversely elongate
Hupea ‘ \

(H. decagonalis) . 5, within madreporite I not in a groove ! round
Peronella ‘ ‘

(P. peronii) . 4, variably situated not in a groove round
Rumphia |

(R. japonica) ! 4, within madreporite not in a groove transversely elongate

Oral ambulacral furrows \ Basicoronal plates

Laganum ‘ l

(L. laganum) more or less indistinct moderately large
Jacksonaster }

(J. depressus) more or less indistinct ‘ moderately large
Hupea ‘

(H. decagonalis) indistinct ‘ moderate size
Peronella ‘

(P. peronii) indistinct ‘ moderately large
Rumphia ‘

(R. japonica) more or less distinct 1‘ large

Pair(s) of plates between Post-basicoronal A-,JA-plates
periproct and basicoronal row to a column on oral surface

Laganum a single pair A-plates 8

(L. laganum) IA-plates 6
Jacksonaster a single pair, large A-plates 5

(J. depressus) IA-plates 3 or 4
Hupea ) three or four pairs A-plates 6 or 7

(H. decagonalis) TIA-plates 4 or 5
Peronella B ‘ a single pair A-plates 5 or 6

(P. peronii) IA-plates 4 or 5
Rumphia two pairs A-plates 5 or 6

(R. japonica) | ‘ IA-plates 3 or 4
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This table, mainly built from DURHAM’s diagnoses (1955), emphasizes the some
trifling nature of these genera. The features of the genital pores, whether five (ex-
ceptionally six) in all the interambulacra, or for lacking in the posterior interambu-
lacrum (5), the hydropores, whether they are in a groove, or not in a groove, and
the position of periproct, whether it situated at junction between first and second or
second and third, or between third and fourth post-basicoronal interambulacral plates,
may be considered that they can be used as criteria for generic distinction rather
than specific level. The genital pores of Peronella peronii, the type-species of Pero-
nella, far out from the apical system should be once considered a generic character;
however, same feature occurs in a species of other genus, e.g. Laganum (or Jack-
sonaster) putnami (MCZ 2251, of the syntypes). The difference of position of periproct
between two species that having the other characters are to be considered as con-
generic, as in the case of Clypeaster—the periproct situated at junction between third
and fourth or fourth and fifth post-basicoronal interambulacral plates—, may be
regarded as a distiction of specific level. Thus the difference of position of periproct
between Peronella and Rumphia does not supply an evidence of separating the two.

The above discussed genera can be grouped in three main groupings, and they
are discriminated from one another as shown by the following key.

Key to the genera of the family Laganidae.

1. Genital pores five or six, present in all interambulacra........................ 2
Genital pores four, lacking in posterior interambulacrum (5). Hydropores scat-
tered irregularly over apical system and individually visible, not in a groove.
Periproct situated at junction between first and second or second and third
post-basicoronal interambulacral plates............................ Peronella
2. Hydropores not in a groove, individually visible. Periproct situated at junction
between third and fourth post-basicoronal interambulacral plates .... Hupea
Hydropores in a groove. Periproct situated at junction between first and second
post-basicoronal interambulacral plates .......................... Laganum.
There are fossil representatives of the genera Peronella and Laganum in our
collection.

Genus Peronella GRAY, 1855

Peronella GrRAY, 1855-a, p. 13.—A. Acassiz, 1872-74, pp. 148, 520.—BELL, 1883, p. 134.—PoMEL,
1883, p. 69.—H.L. CLaRrKk, 1911, pp. 599, 605.—H.L. CLARK, 1914, p. 50.—LAMBERT and
THIERY, 1914, p. 312.—H.L. CrLARK, 1925, p. 159.—JEANNET and MARTIN, 1937, p. 249.—
CoOKE, 1942, p. 24.—H.L. CLARK, 1946, p. 344.—MORTENSEN, 1948-c, p. 251 (complete
synonymy), text-figs. 17la-b, 172-174.—TErRMIER and TERMIER, 1953, p. 925.—DuRHAM,
1955, p. 139, text-figs. 8j, 3le.

Haplotype.—Laganum peronii Acassiz, 1841-b, p. 123, pl. 22, figs. 21-24 (South Sea).—
MORTENSEN, 1948-c, p. 259, pl. 51, figs. 32, 38-43, 45, 47, pl. 72, fig. 15, text-figs. 175-176,
178a (Eastern and southern Australia).

Rumphia DEsSOR, 1855-58 (57), p. 229.—PoMmEL, 1883, p. 69.—LAMBERT and THIERY, 1914, p.
312 (partim).—CoOOKE, 1942, p. 26.—DURnAM, 1955, p. 142.

Orthotype.—Laganum rostratum AcGassiz, 1841-b, p. 118, pl. 25.

Polyaster MICHELIN, 1859-a, p. 397 (4) (non Polyaster Gray, 1840).—Michelinia DUJARDIN
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and Hupg, 1862, p. 560 (pro Polyaster MICHELIN, 1859 : non Michelinia KONINCK, 1842).
Haplotype.—Polyaster elegans MICHELIN, 1859-a, p. 397 (4), pl. 14, fig. 1.—Peronella lesueurt
elegans (MicHELIN) H.L. CLARK, 1925, p. 160, pl. 8, figs. 1-2 (Australia; Recent).
Echinodiscus BREYNIUS : LAMBERT, 1907-c, p. 124 (BreEyNIUS, 1732, p. 68-pre-LINNEAN).—
LAMBERT and THIERY, 1914, p. 311.—JEANNET and MaRTIN, 1937, p. 250. (Non Echino-
discus LESKE, 1778, p. 195.—See Bull. Zool. Nomencl., vol. 4, 1950, p. 535).
Logotype.—Echinodiscus orbicularis LESKE, 1778, p. 144, pl. 45, figs. 6-7.—Laganum orbiculare
(LESKE) : AGgassiz, 1841-b, p. 120, pl. 22, figs. 16-20. [LaMBERT, 1907-c, p. 124].

Medium sized to large, flattened, outline more or less rounded, elongated, or poly-
gonal ; oral surface flat to somewhat concave; apical area more or less raised. Petals
well formed, usually open, elongate; pore-pairs conjugate, outer pore slightly elong-
ated. Apical system usually central, with four genital pores, lacking in posterior
interambulacrum (5), variably situated, hydropores in isolated pores scattered irre-
gularly over the madreporite and individually visible, not in a groove. Peristome
central, with simple oral ambulacral furrows radiating from it, reaching to about
midways towards margin. Periproct small, varies in position, situated at junction
between first and second or second and third post-basicoronal interambulacral plates.
Basicoronal plates moderately large, forming a pentameral star. About five or six
ambulacral and four to five interambulacral post-basicoronal plates on oral surface;
interambulacra much narrower than ambulacra at ambitus. Primary radioles of edge
of test form a distinct marginal fringe; miliary radioles smooth, widening into a
terminal crown. Primary tubercles perforate, crenulate, with areole more or less
conspicuously sunken; glassy tubercles quite numerous between primaries, especially
on aboral side. Pedicellariae of tridentate, ophicephalous, and triphyllous types
(mainly after MORTENSEN, 1948-c, and DURHAM, 1955).

There have been much disputed and discussion as to apply of this generic name,
and it ascribed to the Indo-Pacific species which have four genital pores and scat-
tered hydropres. Rumphia is separated from Peronella by former authors on the
difference of position of the periproct; as, in the former it close to the margin, while
in the latter at about midway between the peristome and the margin. This difference,
in reality, is due whether to the difference of number of pairs of plates between
basicoronal row and periproct, or of length of first post-basicoronal interambulacral
plates. But, the number of genital pores, as described above, and the feature of
hydropores should not be discriminated from each other as a generic level. Hupea,
the much discussed generic name, should be defined, according to DURHAM (1955, pp.
141-142) to having Scutella decagonalis LESSON: BLAINVILLE, 1827 (=Hupea decago-
nalis POMEL, 1883) as the type-species, and differs from Laganum in having the scat-
tered hydropores and three pairs of plates between basicoronal row and periproct.

Aside from the position of the genital pores (in the type-species, they are far
removed from the apical system), the position of the periproct and the size and form
of the petals seem to be the important specific characters, and the form of the test
and the thickenss of its margins are also of value. This genus dates from the Eocene
of Europe and widely distributed in the Indo-Pacific regions in usually small depths.
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Peronella pellucida DODERLEIN, 1885
(PL 14, figs. 11-12, PL 15, figs. 4, 6-8)

Peronella (Laganum) pellucida DGDERLEIN, 1885, p. 104 (32).—Laganum pellucidum (DSDER-
LEIN) YOSHIWARA, 1900, p. 391 (in Japanese).—Peronelia pellucida DODERLEIN : MEIJERE,
1904, p. 130 (nominal).—Laganum pellucidum (DODERLEIN) : YOSHIWARA (TOKUNAGA),
1907, pl. 16, figs. 5-6(?).—A. Acassiz and H.L. CLARK, 1907-b, p. 123.—H. L. CLARK, 1908,
p. 306.—Peronella pellucida D6DERLEIN : H.L. CLARK, 1914, p. 53, pl. 142, figs. 1, 8-10.—
Rumphia pellucida (DSDERLEIN) LAMBERT and THIERY, 1914, p. 313.—Peronella pellucida
DGDERLEIN: LAMBERT and THIERY, 1925, p. 58l.—Rumphia pellucida (DODERLEIN) :
LaMBERT and THIERY, 1925, p. 582.—Echinodiscus pellucidus (DODERLEIN) : JEANNET
and MARTIN, 1937, p. 250 (nominal).—Peronella pellucida DODERLEIN : MORTENSEN, 1948—
b, p. 101.—MORTENSEN, 1948-c, p. 281 (complete synonymy), pl. 47, fig. 5, pl. 48, figs. 3-4,
pl. 72, figs. 1, 11, text-figs. 160c, 166, 170a, 185a, 187c.—UTiNomI, 1954, p- 253.—CoOKE,
1954, p. 47, pl. 10, figs. 3-4.—Nisivama, 1965, pp. 79, 85.

Locality and geological horizon.—Plateau above Kami-Katetsu, Kikai-jima, Oshima-
gun, Kagoshima Prefecture (Ryukyu Islands). Ryukyu Limestone, Pleistocene. Hypo-
type.—IGPS coll. cat. no. 73765.

There are two specimens referred to this species at the writer’s hand, they are
small in size, less than 30 mm in longitudinal diameter, and partly broken off.

Larger specimen measures 29 mm in longitudinal diameter, 27 mm in transverse
one, and about 5mm in height. Test thin, rounded-oval in marginal outline not as
in rough pentagonal of large specimens, greatest breadth lies middle of the test,
highest point just posterior to the apical system, height less than one-fifth of long-
itudinal diameter; margins more or less thin, about 0.07 of longitudinal diameter, its
ratio slightly greater than that of the adult individuals but less than that of Per.
rubra DODERLEIN, 1885, and it is usually found in the young specimens the margins
relatively thicker than compared to those of adult individuals. Oral surface slightly
concave to the peristome.

Petaloid area small, its total length about 13mm in length, less than half of
longitudinal diameter; petals subequal, widest at about the middle, narrowing gradu-
ally distally, and more or less open at their tips. Apical system central, comparatively
large; genital pores placed within the apical system. Peristome more or less eccentric
in anterior as usual in the young individuals, about 14 mm from the anterior margin,
2mm across. Periproct large, oval in outline, transversely elongated, situated a little
nearer the posterior margin than to peristome, about 6 mm from the posterior margin,
about 0.4 of test-radius; its ratio slightly less than that found in the adult individuals,
in adult individuals the ratio of test-radius to the length from the posterior margin
to periproct usually being 1:0.5, but it is usually found that in the young individuals
the ratio of test-radius to the length from the posterior margin to periproct is less
than that found in the adult individuals. Oral ambulacral furrows short, about 6 mm
in length, but rather distinct.

This species closely allied to Per. rubra DODERLEIN, 1885 (DODERLEIN, 1885, p.
106.—H. L. CLARK, 1914, p. 54, pl. 142, figs. 5-7.—MORTENSEN, 1948-c, p. 274, pl. 51,
figs. 23, 29, text-figs. 170b, 183c, 188b) (Pl. 15, figs. 1-3, 5), a Recent species from Japan
to Java Sea, in 5-60 metres depth, but differs from that species in having the thinner
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margin of test, the smaller petaloid area, in the form of petals, and having the bared
eriproct, in that species the periproct covered with radioles. Per. pellucida also
closely resembles Per. hinemoae MORTENSEN, 1921 (1921, p. 177, pl. 6, figs. 22-23), a
Recent species from New Zealand, but differs from the New Zealandian species in
having the larger petaloid area. COOKE (1954, p. 47) reported an occurrence of this
species from the Naha Limestone (Pliocene) of Okinawa Island. The specimen (USNM
561561) seems to be safely identified with this species.

This species is reported from central (Sagami Bay) and southwestern Japan
(Nagasaki and Kagoshima Gulf) as far south as Kei Islands, in 15-550 metres depth,
MORTENSEN (1948-b, p. 101) reported a doublful specimen from the Philippine Islands
in 33 metres depth.

Peronella japonica MORTENSEN, 1948
(PL. 14, figs. 9-10)

Peronella decagonalis (LEssoN): A. Acassiz, 1872-74, pp. 148, 520 (pro parte).—DODERLEIN,
1885, p. 105 (53) (non BLAINVILLE, 1827, nec LEssoN, 1841).—IvEs, 1891, p. 214.—Laganum
decagonalis LEssoN: YosHIwARA, 1900, p. 390 (in Japanese).—TOKUNAGA, 1903, p. 8.—
Yosuiwara (Toxkunaca), 1907, pl. 15, figs. 9-13, pl. 16, figs. 7-8.

Peronella lesueuri (Acassiz): H.L. CLARk, 1914, p. 53 (pro parte).—H.L. CrLARK, 1925, p.
159 (pro parte).

Peronella japonica MORTENSEN, 1948, p. 71.—MORTENSEN, 1948-c, p. 277, pl. 49, figs. 1, 6-12,
text-figs. 168-169, 177c, 178c, 180b, 184a, 187a.—UTiNomI, 1954, p. 353.—DurHAM, 1955, p.
83, text-fig. 8j, p. 121, text-fig. 26p.—Nisiyama, 1965, pp. 79, 85.

Locality and geological horizon.—IGPS loc. no.—Ty-12.—Shinagawa in Tokyo.
(tm Tokyo Seinanbu (Tokyo Southwest), Lat. 35°37/34”N., Long. 139°44/30”E.). Tokyo
formation, Pleistocene. Hypotype.—IGPS coll. cat. no. 7907.

Locality and geological horizon.—IGPS loc. no.—Ch-27.—Small cliff of the River
Heguri at Kuwabara, H6jo-machi, Tateyama City, Chiba Prefecture (tm Nago, Lat.
35°(r23”N., Long. 139°53/08”E.). Raised Beach deposits, early Holocene. Hypotype.—
IGPS coll. cat. no. 15156.

Fossils of this species are reported from the Tokyo formation (TOKUNAGA, 1903,
p. 10—as Laganum decagonalis), and a conferable specimen from the Byoritsu forma-
tion (1947-a, p. 99—as Peronella cf. decagonalis A. AGASSIZ).

The largest of the specimens at the writer’s disposal measures 69 mm in long-
itudinal diameter, 65mm in transverse one, and 8 mm in height. Test flat, low,
roughly and irregularly decagonal in marginal outline; slightly elongate. Margins
very thin, about 4 mm at the thickest point, and being 0.06 of longitudinal diameter
of test; posterior end of test more or less restricted. Petaloid area rather large, its
total length about 40mm in length and being 0.66 of longitudinal diameter; petals
rather narrow, and rather long, breadth about one-third of their length, more or less
nearly closed at their tips. Frontal petal (III) the longest of all, about 22mm in
length. Tubercles on ridges in the poriferous zones usually miliaries but a few pri-
mary tubercles sporadically interrupted in the zones. Apical system central, four
genital pores distinct and placed within the apical system. Oral surface nearly flat
or very slightly concave orally; peristome central, rather small, 3.5mm in diameter.
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Periproct oval, more or less transversely elongated, situated at about 6 mm from
the posterior margin, and being 0.17 of longitudinal radius of test, or placed about
‘twice its length (about 3mm across) from the posterior margin; two pairs of plates
between basicoronal row and periproct; naked in the living specimens. Ratio of
longitudinal diameter to transverse one being 1:0.8 and not reverse as in the case
-of Per. lesueuri elegans (MICHELIN, 1859) (H.L. CLARK, 1925, p. 160, pl. 8, figs. 1-2).

a ) b
Fig. 33 [8]. Test structure of Peronella japonica MORTENSEN, 1948,
a. Structure of oral surface, x0.6.
b. Structure of aboral surface, x0.6.

"The genital pores present before the individual attains less than'35 mm in longitudinal
-diameter. In the young individual, 34 mm in longitudinal diameter, ambulacral plates,
particularly on oral surface, are perforated by numerous minute (accessory) pores in
irregular rows parallel to adapical sutures, and in irregular series parallel to adradial
sutures.

By comparing the living specimens from Tateyama Bay, Chiba Prefecture, with
‘those from Tanabe Bay, Wakayama Prefecture, the writer finds that the former have
usually delicate test and thinner margin than the latter. The fossil specimens from
the Tokyo formation much resemble the specimens from Tateyama Bay in the deli-
-cate test and thin margin. :

This species recently separated from its ally, Per. lesueuri (VALENCIENNES, 1841),
by MORTENSEN, (1948, p. 71), since the two species usually confounded with each
-other. The living specimens from Tateyama Bay, Tanabe Bay, Inland Sea, and Sea
of Japan are readily assigned to this species. But the living specimen from North
Formosa reported by HAYASAKA (1948, p. 24, pl. 6, fig. 1) cannot be assigned whether
it belongs to japonica or lesueuri. Per. lesueuri is distributed in the living from
Indo-China—Malay to Australian Seas, and as north as Hongkong, in littoral zones
to 70 metres depth (MORTENSEN, 1948-c, p. 275). As judged from its general distri-
‘bution, and from HAYAsAKA’s figure (figure 1 on Plate 6) and description (1948, p. 24)
the living specimen from Formosa probably be assigned to Per. lesueuri. To settle
this problem, it is necessary numerous specimens of undoubtedly assign to Per.
lesueuri from Malay region, and more material in the questicn from Formosa and
Ryukyu Islands, and further good specimens of safely assign to Per. japonica from
central Japan, to compare these specimens side by side with one another and to
make detail observation.

The same case is to be regarded for the specimen reported under the name Pero-
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nella cf. decagonalis A. AGAssiz by HAYASAKA and MORISHITA (1947-a, p. 99, pl. 8.
fig. 4) from the Byoritsu formation of Formosa. From their description and the
figure of the specimen, it cannot be decided whether it belongs to lesueuri or japonica;
the periproct seems to be more or less wider apart from the posterior margin than
in japonica, but it is not a conclusively specific character. But this fossil specimen
from the Byoritsu formation (Pliocene) of Formosa differs from Hupea cf. decagonalis
(BLAINVILLE, 1827) from the Neogene formation of Java (Pl. 16, figs. 1-3, 6 under the
name Laganum cf. decagonale in explanation text—IGPS coll. cat. no. 37624) in hav-
ing the longer and broader petals and thicker margin of test. Peronella decagonalis:
A. AcAassiz (1872-74, pp. 148, 520), the name is conferred to the specimen by the
two authors, is a composite species, being as comprise the Japanese Per. japonica
and the Malay-Australian Per. lesueuri, and moreover the specific name decagonalis:
is pre-occupied by BLAINVILLE, 1827.

Peronella japonica MORTENSEN, 1948, is distributed from central Japan (Tokyo-
Bay) to southwestern Japan (Kagoshima Gulf) in the littoral zones to 50 metres
depth, and dates back at least to the Pleistocene of central Japan.

In his study on the Pliocene Echinoids from Okinawa, COOKE (1954, pp. 47-48).
described four species under the genus Peronella, but, unfortunately, the writer did
not made an observation on these specimens stored in the United States National
Museum when he visited there. The first species, Per. pellucida, as stated above, is.
now living in the Japanese Seas. The fourth, Per. merrilli ISRAELSKY (COOKE, 1954, .
p. 48, pl. 10, figs. 5-6), as judged from his figures, seems to be removed from Pero-
nella. The specimen has no genital pores, broad petals, poriferous zones tending
to close distally, long and rather distinct oral ambulacral furrows, and more or less.
sunken peristome. Although its compound ambulacral structure within the petals is
not recognized, it seems highly probable that it represents a species of young
Clypeaster. Per. merrilli (ISRAELSKY, 1933, p. 304, pl. 2, figs. 17-19.—Pliocene of the
Philippines) itself is usually regarded as a junior synonym of Per. lesueuri. The
second and third species are his new species, viz., Per. kamimura and Per. motobu..
They are separated from each other by triflc differences and seem to represent one.
and same species.

Peronella kamimura COOKE, 1954

Peronella kamimura Cooke, 1954, p. 47, pl. 11, figs. 5-6.
Peronella motobu CookEg, 1954, p. 48, pl. 10, figs. 1-2.

No specimens of this species have been available for study. This species is-
characterized by having a large petaloid area, its total length being about 0.6 or
more of longitudinal diameter of test, and large, nearly as large as the peristome,
transversely elongated periproct, situated at 0.4 to 0.3 of test-radius from the posterior
margin. In the form and position of the periproct, this species resembles Per. macro-
proctes KOEHLER, 1922 (KOEHLER, 1922, p. 113, pl. 9, figs. 5, 11, 14, pl. 10, figs. 10-12,
pl. 13, fig. 4 —MORTENSEN, 1948-c, p. 297, pl. 5, figs. 30, 36), a Recent species of Indian
Ocean, but differs from that species in having the longer and narrow petals and
their extremity opens distally. The difference between Per. kamimura and Per..



The Echinoid Fauna from Japan and Adjacent Regions 69

motobu, e.i., the form of petals and the position of periproct, seems to be not of the
specific level, but of the developmental stages of the two. It seems highly probably
that Per. motobu represents the young individuals of Per. kamimura. The inter-
relationships of this species to the other Indo-West Pacific species of Peronella, both
Recent and fossil, viz., Per. oribicularis, Per. peronii, and Per. angulosa (HERKLOTS,
1854) (Laganum angulosum HERKLOTS, 1854, p. 8, pl. 2, fig. 4.—Echinodiscus angulosus
(HERKLOTS) : JEANNET and MARTIN, 1937, p. 259.—Upper Miocene of Java), need further
elucidation.

This species is reported from the Naha Limestone (Pliocene) of Okinawa Island,
Ryukyu Islands.

Subgenus Peronellites HAYASAKA and MORISHITA, 1947

Peronellites Havasaka and MoORISHITA, 1947-a, p. 10l.—DuRHAM, 1955, p. 142.
Orthotype.—Peronella (Peronellites) ovalis Havyasaka and MorisuiTa, 1947-a, p. 101, pl.
8, figs. 3, 5 (Miocene of Formosa).

This subgenus is characterized, according to the two authors, by its markedly
vaulted proximal ends of petals as well as the apical system.

The vaulted character of the apical system as well as the proximal end of petals
is found among the genus Laganum, particularly in Lag. fudsiyama DODERLEIN, 1885
(DODERLEIN, 1885, p. 104.—H. L. CLARK, 1914, p. 46, pl. 124, figs. 13-16, pl. 127, figs. 7,
8, pl. 140, figs. 3-4, pl. 141, figs. 4-9), as the name implies, and it is interesting to
find that the same character occurs in the fossil species of the genus Peronella. If
this character proves to be constant, the specific character should be stand as in the
.case of Laganum, but it is not regarded as a character of subgeneric level.

Peronella (Peronellites) ovalis HAYASAKA and MORISHITA, 1947
Peronella (Peronellites) ovalis HaAvyasaka and MoRIsHITA, 1947-a, p. 101, pl. 8, figs. 3, 5.

No specimens of this species are available, and the figures and original description
are somewhat inadequate for comparison. However, the distinctive characters of this
species based on the description and figures will be summarized as follows.

Genital pores at proximal ends of interambulacra more or less close to madre-
porite; petaloid area small, its total length about half of longitudinal diameter of
test, or less; petals narrow and slightly open at distal ends; height of test less 0.15
of longitudinal diameter; test about four-fifths as wide as long, or less; margin of
test thin, less than 0.1 of longitudinal diameter; apical system slightly eccentric in
front; proximal ends of petals and apical system markedly vaulted.

The figure from side view is not given in the original literature and the vaulted
character of the apical system is not indicated. MORTENSEN (1948-c, p. 258) doubted
its subgeneric (or generic) validity, but DURHAM (1955, p. 142) recognized it as a dis-
tinctive genus. In its general features, except for the number of genital pores, this
species superficially resembles Hupea decagonalis (BLAINVILLE, 1827). The species is
reported from the Kanshirei formation (Miocene) of Fenchihu and Changchihkeng,
T -inanhsien, Formosa.
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Genus Laganum LINK, 1807

Laganum Link, 1806-08 (07), p. 161 (Laganum KLEIN, 1734, p. 25-pre-Linnean).—AGAssIZ,
1841-b, p. 105.—Acassiz and DEsor, 1846, p. 131.—Gray, 1855-a, p. 8.— Desor, 1855-58
(57), p. 227.—DujarDIN and HuPE, 1862, p. 559.—A. Acassiz, 1872-74 (73), pp. 137, 511.—
BELL, 1883, p. 130.—PoMEL, 1883, p. 69.—DuNCAN, 1889-a, p. 156.—CoTTEAU, 1839-94 (91),.
p. 251.—MEISSNER, 1904, p. 1381.—H.L.CLaRrK, 1911, p. 605.—H.L. CLARK, 1914, p. 44.—
LaMBERT and THIERY, 1914, p. 313.—KOEHLER, 1922, p. 82.—H.L. CLARK, 1925, p. 155.—
JEANNET and MARTIN, 1937, p. 249.—CookEg, 1942, p. 23.—H.L. CLARK, 1946, p. 342.—
MORTENSEN, 1948-c, p. 301 (complete synonymy), text-figs. 191b, 192a-b.—TERMIER and
TERMIER, 1953, p. 925.—DurnAM, 1955, p. 139, text-figs. lc, 2¢, 7Tb-c, 12b, 15e, 31f.—COOKE,.
1959, p. 50.

Tautotype.—Laganum petalodes LINK, 1806-08 (07), p. 161.—Echinodiscus laganum LESKE,
1778, p. 140, pl. 22, fig. C (Indian Ocean).— Laganum bonani KLEIN: AcAssiz, 1841-b, p.
108, pl. 22, figs. 25-29, pl. 23, figs. 8-12 (Vanikoro).

Lagana GrAy, 1825, p. 427 (5) (by error).—BraINviLLE, 1830, p. 196.—BLAINVILLE, 1834, p.

214.
Tautotype.—Lagana minor GRAY, 1825, p. 428 (6).—Echinodiscus laganum LESKE, 1778, p.

140.
Jacksonaster LAMBERT and ThHiry, 1914, p. 313.—LamBERT, 1915, p. 94, note.—JEANNET
and MaRrTIN, 1937, p. 250.—DURrRHAM, 1955, p. 143, text-figs. lh, 5f, 7a, 26h, 3lc.
Orthotype.—Jacksonaster conchatus (M’CLELLAND) LAMBERT and THIERY, 1914, p. 313.—
Echinarachnius conchatus M’CLELLAND, 1841, p. 181, pl. 4, figs. 8-9.—Laganum depressum.
LEssoN in Acassiz, 1841-b, p. 110, pl. 23, figs. 1-7.

Test of usually moderate size or large, polygonal, round, or elliptical outline,
more or less flattened, but rising to a varying degree towards apical system; edge
of test in some species more or less conspicuously thickened and then with a corre-
sponding depression between edge and elevated central part, but in other species
very flat and very thin; oral surface usually flat. Petals well formed, moderately
open, elongate; pore-pairs conjugate, outer member of poriferous zones only slightly
elongated. Apical system usually central, with 5 or 6 genital pores in all inter-
ambulacra or double in posterior interambulacrum (5); hydropores in a groove, not
individually visible. Peristome usually central, with more or less distinct oral am-
bulacral furrows radiating out from it, sometimes extending slightly more than half
distance to margin. Periproct on oral surface, varies in position, but situated at
junction between first and second pairs of post-basicoronal interambulacral plates;
often transversely elongate, and covered with radioles or naked. Basicoronal plates.
moderately large, in a well-defined star; 5 to 8 ambulacral and 3 to 6 interambulacral
post-basicoronal plates in a column on oral surface. Miliary radioles smooth, widen-
ing into a terminal crown. Primary tubercles perforate, crenulate, with areole more
or less conspicuously sunken; glassy tubercles numerous. Pedicellariae of tridentate,
ophicephalous, and triphyllous types; valves of tridentate pedicellariae often expanded
upper blade and crenulated (mainly after MORTENSEN, 1948-c, and DURHAM, 1955).

From the Eocene to Recent.

Jacksonaster is differentiated from Laganum, by former authors, by the more
nearly marginal periproct, the fewer plates on the oral surface, the greatly elongated
first pair of post-basicoronal plates in the posterior interambulacrum (5), as well as.
by the differences in shape of the periproct and in feature of the miliary radioles.
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The difference of position of periproct between Lag. laganum and Jack. depressus is
due to the difference of length of first pair of post-basicoronal plates in the posterior
interambulacrum (5), and it seems to be considered that the difference is not a dis-
tinction of generic level. The features of radioles are said to vary profundly even
in the same individual, e.g., the obliqueness and the amount of serration on the rod-
tips of radioles are subject to great variation due to the position of the radioles on
the test. The generic separation of the two groups after these variable characters
seems to be notworthy.

This genus dates from the Eocene and is distributed widely in the Indo-West
Pacific Oceans in usually small depth, of mainly warm or tropical region.

Laganum fudsiyama DODERLEIN, 1885

Laganum fudsiyama DSDERLEIN,1885, p. 104 (32).—YosHiwara, 1900, p. 391 (in Japanese).—
TokuNaca, 1903, p. 11.—Yosuiwara (Tokunaca), 1907, pl. 16, figs. 1-4.—A. AGAssiz
and H.L. CLARK, 1907-b, p. 128.—H.L. CLaRrk, 1914, p. 46, pl. 124, figs. 13-16, pl. 127,
figs. 7-8, pl. 140, figs. 3-4, pl. 141, figs. 4-9.—Jacksonaster fudsiyama (DODERLEIN) LAM-
BERT and THiEry, 1914, p. 313.—Laganum fudsiyama DODERLEIN: H.L. CLARK, 1925, p.
158.—Jacksonaster fudsiyama (DSEDERLEIN) : LAMBERT and THIERY, 1925, p. 582.—Laganum
fudsiyama DODERLEIN: Nisivama, 1937, p. 55.—jacksonaster fudsiyama (DODERLEIN):
JEANNET and MARTIN, 1937, p. 250 (nominal).—Laganum fudsiyama DODERLEIN : MOR-
TENSEN, 1948-b, p. 106.—MORTENSEN, 1948-c, p. 338 (complete synonymy), pl. 54, figs.
5-6, 10-13, pl. 70, figs. 8-9, 14-15, text-figs. 194b, 199b, 200a-c, 201.—UTiNOMI, 1954, p. 354.—
Jacksonaster fudsiyama (DODERLEIN): DurHAM, 1955, p. 82, text-fig. 7b.—MORISHITA,
1960, p. 57.—Nisivama, 1965, pp. 79, 85.

Laganum conicum MEIJERE, 1904, p. 120, pl. 6, fig. 68, pl. 18, figs. 325-238.— Jacksonaster conicus
(MEUERE) LaAMBERT and Tuiéry, 1914, p. 313.—JEaxNET and MAaRrTIN, 1937, p. 250
(nominal).

Laganum solidum MEIJERE, 1904, p. 121, pl. 6, figs. 64, 66.—Jacksonaster solidus (MEIJERE)
LAMBERT and THIERY, 1914, p. 313.—JEANNET and MARTIN, 1937, p. 250 (nominal).
Laganum diploporum A. Acassiz and H.L. CLARK, 1907-b, p. 129.—H.L. CLARK, 1914, p. 48,
pl. 127, figs. 9-12, pl. 142, figs. 2-4.—Jacksonaster diploporus (A. Acassiz and H.L. CLARK)
LaMBERT and THIERY, 1914, p. 313.—Laganum diploporum A. Acassiz and H.L. CLARK:

Nisivama, 1937, p. 56.

No fossil specimens of this species are availabe to the writer, although TOKUNAGA
(1903, p. 11) reported an occurrence of this species from the Koshiba formation of
Kanagawa Prefecture, central Japan.

The distinctive characters of this species is summarized as follows.

Test large, attains over 70 mm in longitudinal diameter, with decagonal or rounded
ambitus, its length little, or not at all, exceeding the breadth; periproct distinctly
nearer to margin than to peristome, or distance of periproct from the posterior edge
of test about 30 per cent of the distance from peristome to posterior edge of test,
usually transversely elongated; petaloid area more or less markedly elevated and
margins not swollen, area relatively small, its total length 0.5 of longitudinal diameter
of test or less; petals narrow, not lyriform; poriferous zones little curved and more
or less widely open at their tips; height of test varies, but usually high, height
ranging from 0.2 to 04 of longitudinal diameter of test; posterior interambulacrum
(5) with one or rarely two genital pores; tuberculation of test varies coarser or finer,
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within a petal 10 mm long, there are 20-50 primary tubercles, and in one 15mm long,
there are about 40-90 primaries.

In Lag. diploporum the striking character is the presence of double genital pores
in the posterior interambulacrum (5). The writer (N1siYAMA, 1937, p. 56) once regarded
that, after A. Acassiz and H.L. CLARK, the presence of six genital pores as a
distinctive specific character, and reported an occurrence of this species from east
coast of Boso Peninsula, central Japan. As to this species, MORTENSEN (1948-b, p.
106) stated that ‘“ Moreover, I must likewise regard L. diploporum A. Agassiz and
H.L. CLARK as identical with L. fudsiyama, the only essential character distinguishing
it from the latter species, the doubling of the posterior genital pore, being not at all
constant (as already realized by CLARK), and there are no other reliable characters
by which to distinguish them.” It seems highly probable that his statement seems
to fit with the nature of the species fairly well, by comparing the specimens of Lag.
fudsiyama and Lag. diploporum from the east coast of Boso Peninsula side by side.

This species ranges from central Japan (Tokyo Bay) as south as northeastern
Borneo through western Japan (Kagoshima Gulf), and the bathymetrical range re-
ported from 50 to 645 metres.

Laganum fudsiyama tokunagai OTUKA, 1938

Laganum fudsiyama tokunagai Otuka, 1938, p. 18, pl. 2, figs. 22-23 (Miocene of Kanbara
town, Shizuoka Prefecture).

No specimens, other than the holotype, of this subspecies have been available for
study.

Holotype.—Reg. no. 4006, in the Geological Institute, the University of Tokyo,
Japan.

Locality and geological horizon.—IGPS loc. no.—So-15.—Near a house on the top
of Shiroyama hill, northern part of Kanbara-machi, Ihara-gun, Shizuoka Prefecture
(tm YOSHIHARA, Lat. 35°07’N., Long. 138°36’E.). Shiroyama formation, Miocene.

This subspecies is distinguished from the typical species in its outline of periproct,
of which the former is more rounded and is situated nearer to the posterior margin,
i.e., one-fourth of the test-radius from the posterior margin, than that of the typical
species, i.e., ca. one-third of the test-radius, and in the form of petals.

Although in this subspecies the feature of hydropores is not recognized, the
subspecies in its general features superficially resembles Hupea decagonalis (BLAIN-
VILLE, 1827) (Scutella decagonalis BLAINVILLE, 1827, p. 229.—Laganum decagonum
LESSON : Agassiz, 1841-b, p. 112, pl. 23, figs. 16-20.—Laganum decagonale (BLAINVILLE) :
MORTENSEN, 1948-c, 331, pl. 55, figs. 14-19, pl. 70, figs. 10, 16-17, 19, 21-22, text-figs.
161a, 162a, 163c, 193b, 196b, 199b), a Recent species as well as fossil of the Malay
region, but differs from that species in having the larger and more well-defined

petaloid area and the larger periproct. This subspecies may be raised as a specific
rank.
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Laganum fudsiyama untenensis COOKE, 1957

Laganum fudsiyama untenensis CookEg, 1957, p. 48, pl. 9, figs. 7-11.

No specimen of this subspecies has been available for study. In the discussion
of this subspecies, COOKE (1954, p. 48) stated that the typical species varies con-
spicuously in the degree of elevation of the apical system, and in the subspecies the
upper range of height lies near the lower limit of variation of the typical species.
This subspecies seems to have a thicker margin, ca. 0.0l of test-length, than the
typical species, and the petaloid area is more or less larger. The periproct is situated
at about 30 per cent or more of the distance from the posterior margin of test, as
usual of the typical species. It is not certain whether this subspecies is identical
with the specimens from the Koshiba formation (Pliocene) of central Japan, or not.

This subspecies is reported from the Naha Limestone (Pliocene) of Okinawa
Island, Ryukyu Islands.

Laganum pachycraspedum NISIYAMA, n. Sp.
(PL. 15, figs. 9-10, 17)

Holotype.—IGPS coll. cat. no. 73759.

Locality and geological horizon.—IGPS loc. no.—So-8.—In the calcareous sandstone
at sea shore north of Shirahama shrine at Harada, Shirahama-mura, Kamo-gun,
Shizuoka Prefecture (tm Shimoda, Lat. 34°41/25”N., Long. 138°58’E.). Shirahama
(Susaki) formation, Miocene.

There are several specimens referred to this new species at the writer’s disposal,
some are fragmentary and others are attached to a hard sandstone matrix on both
aborally and adorally. ,

Test rather large, attains 48 mm in longitudinal diameter, stout and thick, penta-
gonal oval in marginal outline, longitudinal diameter exceeds the transverse one,
greatest breadth lies on just behind the apical system; apical area somewhat raised,
aboral surface depressed, especially on area around the petaloid area; margins very
thick, about over 0.18 of longitudinal diameter of test, thicker anteriorly than pos-
teriorly ; oral surface more or less concave to the peristome.

Dimensions of holotype.—38 mm in longitudinal diameter, 33 mm in transverse
one, and 7mm in height.

Petaloid area rather large, its total length over 0.6 of longitudinal diameter of
test; petals slightly raised, narrow and widely open at their tips; frontal petal (III)
11mm long and 3mm wide at the middle of petal, poriferous zones about one mm
wide at the widest point and with about forty pore-pairs, pores of rounded oval in
shape, outer member slightly elongate; antero-lateral petals (II and 1V) 11 mm long
and 3.5mm wide near the middle of petals, make an angle about 70° between median
line of frontal petal (III) and that of antero-laterals (Il and [V), outer poriferous zone
broader than the inner poriferous, and more incurved than the latter, and with about
thirty pore-pairs, pores of rounded oval in shape, outer member slightly elongate;
‘postero-lateral petals (I and V) 12mm long and 3.5 mm wide at the middle of petals,
make an angle of about 75° between median line of antero-laterals (Il and IV) and
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that of postero-laterals (I and V); poriferous zones about one mm wide at the widest
point, with about forty pore-pairs, pores of rounded oval in shape; on interporiferous.
zones of petals there are two or three series of small tubercles, and each poriferous
zone carries at least one series of small tubercles.

Apical system central, madreporite pentagonal, 2.5 mm across, five genital pores.
fairly distinct and placed within the apical system; ocular pores more or less dis-
tinct, close to the madreporite; hydropores in a narrow groove (in paratype). Peri-
stome central, more or less sunken, rounded pentagonal in outline; periproct situated
at about midway between peristome and the posterior margin of test, slightly nearer
to the posterior margin than to peristome, elliptical in shape and transversely elong-
ated; a single pair of plates between periproct and basicoronal row. Oral ambulacral
furrows rather distinct but short, the length of frontal ambulacrum (III) about 7 mm,.
those of antero-laterals (Il and IV) about 7mm, and of postero-laterals (I and V) 9
mm long, reaching to about midway or less towards the margin of test.

Distinction.—This new species closely resembles Lag. depressum LESSON, 1841 (in
AGassiz, 1841-b, p. 110, pl. 23, figs. 1-7), a common living, as well as fossil, of Indo--
West Pacific regions, in the outline of test and in the petaloid area, but is distin-
guished from that species by the much thicker margin and by the position of peri-
proct, which much nearer to the peristome than that of latter species. Lag. pachy-
craspedum is also related to Lag. laganum (LESKE, 1778) (Echinodiscus laganum LESKE,.
1778, p. 140, pl. 22, fig. C.—Laganum bonani KLEIN: AGASSIZ, 1841-b, p. 108, pl. 22,.
figs. 25-29, pl. 23, figs. 8-12), an another common living species of the Indo-West
Pacific Oceans, in the swollen margin and in the depressed area around the petaloid
area, but differs from that species in having the transversely elongated periproct,.
which in that species decidedly longitudinally elongated, and in the marginal outline
of test.

Laganum pachycraspedum resembles, in its general features, the species now:
inhabiting in the tropical and subtropical waters, and it will be naturally supposed
that the climate at that time of this species decidedly warmer than present day in
this district.

Laganum depressum LESSON, 1841
(Pl 15, figs. 11-16)

Laganum depressum LEssON in Acassiz, 1841-b, p. 110, pl. 23, figs. 1-7.—Acassiz and DESOR,.
1846, p. 132.—GRAY, 1855-a, p. 10.—A. Acassiz, 1863, p. 26.—A. Acassiz, 1872-74, pp..
138, 518, pl. 13f, figs. 5-8.—A. AcAassiz, 188l-a, p. 120.—YosHiwaRa, 1900, p. 390 (in
Japanese).—MEI1JERE, 1904, p. 114, pl. 6, fig. 57, pl. 18, figs. 317-318.—GREGORY, 1906, p.
235.— Yosuiwara (TokunNaca), 1907, pl. 15, figs. 5-6.—BrowN, 1910, p. 45.—H.L. CLARK,.
1914, p. 45, pl. 124, figs. 7-12.—KOEHLER, 1922, p. 88, pl. 9, figs. 1-2, 7-8, pl. 13, fig. 3, pl.
14, fig. 2.—H.L. CLARK, 1925, p. 157.—STOCKLEY, 1927, p. 115, pl. 21, figs. 5a-b.—RoxaAs,
1928, p. 264, pl. 6, figs. 31-32.—CURRIE, 1930, p. 175.—BRIGHTON, 1931, p. 325.—H.L. CLARK,.
1932, p. 216.—H.L. CLARK, 1938-a, p. 417.—H.L. CLaARk, 1945, p. 325, pl. 42, fig. C.—
MORTENSEN, 1948-b, p. 105.—MORTENSEN, 1948-c, p. 313 (complete synonymy), pl. 52,.
figs. 12, 14, pl. 53, figs. 3-4, 6-32, pl. 70, fig. 20, text-figs. 153b, 157, 161b, 162c, 163c, 165,
167, 196a, 197.— Jacksonaster depressus (LEssoN) : DurHAM, 1955, p. 140(?), text-figs. 1h,.
5j, 7a, 26h, 3lc.—Laganum depressum LEsson: Nisiyama, 1965, pp. 79, 85.

Echinarachnius conchatus M’CLELLAND, 1841, p. 181, pl. 4, figs. 8-9.—Jacksonaster conchatus:
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(M’CLeLLaND) LaMBERT and THIERY, 1914, p. 313.—LAMBERT and JEANNET, 1928, p.
5.—Laganum conchatum (M’CLELLAND) JEANNET and MARTIN, 1937, p. 251, text-figs.
33-34.

Laganum fragile MazzeTTi, 1894, p. 217 (non Laganum fragile DasEes, 1877).—Laganum

mazetti THIERY, 1909-a, p. 137 (pro Lag. fragile MAazzETTI, 1894).—LAMBERT and THIERY,
1925, p. 582.

Laganum delicatum MazzETTI, 1894, p. 248, text-figs. a-d (pro Lag. fragile MAzzETTI, 1894,
non DaMEs, 1877).

Laganum dyscritum H.L. CLARK, 1932, p. 216, pl. 1, figs. 5-9.

Laganum aff. boschi R. MARTIN: Havasaka and MoRIsHITA, 1947-a, p. 97, pl. 9, figs. 3a-b.

Locality and geological horizon.—About 100 metres east of Hakushaton, Byodritsu-
gun, Shinchiku-sh@i (Paishatun, Miaoli, Hsinchuhsien), Formosa. Bydritsu formation,
Pliocene. Hypotype.—IGPS coll. cat. no. 73771.

Locality and geological horizon.—Plateau above Kami-Katetsu, Kikai-jima, Oshima-
gun, Kagoshima Prefecture (Ryukyu Islands). Ryukyu Limestone, Pleistocene. Hypo-
type.—IGPS coll. cat. no. 73772.

There are several specimens from the Bydritsu formation of Formosa and the
Ryukyu Limestone of Ryukyu Islands referred to this species have been available
for study. The fossil specimens from the Byéritsu formation are characterized by
the smaller form than the living individuals from the neighbouring seas.

Test moderate, attains 40 mm in longitudinal diameter, stout and thick, elongate
pentagonal in marginal outline, posterior margin more or less distinctly re-enteringly
curved, longitudinal diameter exceeds transverse one, greatest breadth lies on anterior
to the apical system; aboral surface more or less raised, margin more or less thick-
ened ; oral surface more or less concave to the peristome.

Dimensions of the largest specimen.—40 mm in longitudinal diameter, 38 mm in
transverse one, and 8 mm in height.

Petaloid area rather large, its total length 25 mm long and over 0.6 of longitudinal
diameter of test; petals slightly raised and more or less open at their distal tips;
frontal petal (III) 13 mm long and 3.5mm wide at the middle of petal; antero-lateral
petals (Il and IV) 12mm long and 4 mm wide at the middle of petals; postero-lateral
petals (I and V) 14 mm long and 4 mm wide at the middle of petals; distance from
extremity of the frontal petal (III) to the ambital margin about 5mm, distance from
extremity of the antero-lateral petals (II and IV) to the ambital margin 5mm, and
distance from extremity of the postero-laterais (I and V) to the ambital margin 6 mm
long in each.

Apical system central, rather small, 2mm across, madeporite pentagonal, genital
pores placed within the apical system; hydropores in a groove. Peristome central,
more or less sunken, rounded pentagonal in outline, 25 mm across. Periproct trans-
versely elongated and situated about 5mm from the posterior margin of test, or about
25 per cent or more of distance from the posterior margin of test to peristome. Oral
ambulacral furrows distinct, more or less sunken and rather long, length of frontal
ambulacrum (III) about 13 mm, those of the antero-laterals (II and IV) about 12 mm,
and those of the postero-laterals (I and V) about 15mm long, reaching over midway
towards the margin of test.

The dimensions of specimens described above would be fall into the limit of
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variation of this very variform and widely distributed species, Laganum depressum.
‘The fossil specimens from the Byoritsu formation (Pliocene) of Formosa closely re-
semble Laganum multiforme MARTIN, 1880 (MARTIN, 1880, p. 3, text-fig. 2—MARTIN,
1880-a, p. 76.—JEANNET and MARTIN, 1937, p. 250, text-figs. 31-32), from the Miocene
of Java, in the size and outline of test, but differs from that species in having the
narrower petals.

The specimens from the Ryukyu Limestone (Pleistocene) of Kikai-jima are generally
larger than those from the Bydritsu formation of Formosa. Although all of them
are bad state of preservation, the preserved part shows that they have characteristic
features that are probably referred them to this species. Laganum aff. boschi R.
MARTIN, reported by HAYASAKA and MORISHITA (1947-a, p. 97, pl. 9, figs. 3a-b) from
the Ryukyu Limestone of Tokuno-shima in Ryukyu Islands, may be identical with
this species or its variety. The general features and dimensions of the specimen
described by the two authors agree with those of Lag. depressum. According to
MORTENSEN (1948-c, p. 317), Lag. boschi MARTIN, 1937 (in JEANNET and MARTIN, 1937,
-p. 253, text-figs. 35-36b), from the Pliocene and Upper Miocene of Java, would be
identical with Lag. depressum or its variety; to this treatment the writer agrees.

This species is closely related to Lag. boninense MORTENSEN, 1948 (MORTENSEN,
1948, p. 70.—MORTENSEN, 1948-c, p. 328, pl. 55, figs. 1-3, pl. 70, fig. 12, text-fig. 162b),
a Recent species from the Bonin Islands, but differs from that species in having the
thicker margin, the lower central part of test, larger petaloid area, and in the peri-
proct placed nearer to the posterior margin than in that species.

Laganum ellipticum AGASSIz, 1841 (AGAssiz, 1841-b, p. 111, pl. 23, figs. 13-15) and
Lag. conchatum (M’CLELLAND, 1841) (Echinarachnius conchatus M’CLELLAND, 1841, p.
181, pl. 4, figs. 8-9.—Lag. conchatum (M’CLELLAND) JEANNET and MARTIN, 1937, p. 251,
text-figs. 33-34), which have doubtful priority, are usually regarded as synonyms of
this species.

This species is widely distributed in the Indo-West Pacific Oceans and ranges
from Macao, China (occurrence of Ryukyu Islands is uncertain) to as far south as
‘Queensland, from the ebb-zone down to 85 metres in depth, and dates back to the Pliocene
epoch. The Miocene form from Malay and Indonesia called under this name would
be separate as a distinct species (as Lag. multiforme MARTIN, 1880) or a subspecies
of Lag. depressum LESSON, 1841.

Suborder SCUTELLOINA HAECKEL, 1896

Scutellaria HAECKEL, 1896, p. 231.—Scutellina GRAY: DURHAM, 1955, p. 149 (non Scutellina
Acassiz, 1841).—Scutellina HAEckEL: DurRHAM .and MELvVILLE, 1957, p. 259.—PHILIP,
1965, p. 58 (pro parte).

Type-family.—Scutellidae GrRAY, 1825,

Test of moderate size to large forms, very flat, rarely discoidal, with or without
lunules or marginal slits; oral side usually very flat; internal supports usually well
developed of complicate structure, both concentric and radial. Ambulacra usually
petaloid adapically, ambulacral structure within the petals simple “ scutellid” type;
plates of petals usually much smaller than oral ambulacral plates; pore-pairs usually
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conjugate; ambulacra as wide as or wider than interambulacra at ambitus. Inter-
ambulacra terminating adapically in a pair of small plates, continuous or discontinuous.
on oral surface. Apical system central, or more or less eccentric to anterior or pos-
terior, with 4 or 5 genital pores; pentagonal or stellate, apices corresponding to inter-
ambulacra. Peristome central, small, mostly with edge rather abruptly sunken ; buccal
membrane naked. Periproct small, varies in position. Basicoronal interambulacral
plates as large as or larger than ambulacral plates, often greatly developed. Auricles
fused into a single piece situated on interambulacrum. Oral ambulacral furrows dis-
tinct, often highly complicated rarely simple, with small terminal projection extending
over buccal ‘tube-feet pores. - Primary radioles of oral side simple, of aboral side club-
shaped ; miliary radioles mostly simple, terminating in a glandular bag. Pedicellariae
(in living species) bivalved or trivalved, ophicephalous type may occur. Tube-feet
with a pair of spicules in sucking disc. Larva with a skeleton of basket type, usually
complicate (from DURHAM, 1955).

From the Eocene to Recent.

In the feature of auricles that fused into a single piece and placed on interradial,
the Scutelloina are in common with the Laganoina, but they differ from the Laganoina
in having the interambulacra terminating adapically by a pair of plates, contrasting
to single plate of the latter, the miliary radioles with terminal glandular bag, and
usually well developed oral ambulacral furrows. PHILIP (1965, pp. 53, 56), however,
did not recognized this suborder in the restricted usage of DURHAM (1955), but united
it into the Laganoina in the usage of MORTENSEN (1948-c) and preferred the name
Scutellina for his suborder.

As for the ancestry of the Scutelloina, MORTENSEN (1948-c, p. 356) and others
have come to conclusion that the scutelloid echinoids are near relatives of the Laga-
noina, and that their origin is probably very near member of the Laganoina, if not
identical with it. The oldest known scutelloid echinoid is the genus Foscutella GRANT
and HERTLEIN, 1938 (GRANT and HERTLEIN, 1938, p. 386.—DURrRHAM, 1955, p. 156.—
Orthotype.—Scutella coosensis KEw, 1920, p. 65, pl. 8, figs. la-b), from the Middle
Eocene of Oregon and California. This genus seems to be a highly specialized form
in many respects, as shown by the bifurcating ambulacral furrows, very large basi-
coronal interambulacral plates, and developed internal supports. It seems highly
improbable that this genus is the ancestor of the later members of the Scutelloina,
as well as the direct descendant of the Eocene form of the Laganoina from the
morphological gaps and the geological appearance of the two. After all, it must be
admitted that there is little proof to tell with certainty about the ancestry of the
Scutelloina.

A historical sketch of the modern subdivisions of the Scutelloina is as follows.
LAMBERT and THIERY (1914-21, pp. 316-326) had a single family, the Dendrasteridae,
under the Scutelloina. They had a tribus Phelsumasteridae, which take the place of
the Scutulinae LAMBERT (1907-c, p. 124), under the Dendrasteridae, comprising the
genera, Phelsumaster (viz. Echinarachius), Mortonella (with subgenus Periarchus),
Scutulum, Scutella, ITheringiana, Anorthoscutum, and Dendraster; and a tribus Rotu-
linae, with the disc perforated by lunules or indented, comprising Rotuloidea, Heli-
ophora, Rotula, Amphiope (with subgenus Tetrodiscus), Scutaster, and Astriclypus; and
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another tribus Monophorinae (Monophorasterinae, emend.), comprising Monophoraster,
Mellita, Leodia, and Encope (with subgenus Mellitella). H.L. CLARK (1925, pp. 167-
176) also had a single family, the Scutellidae GRAY, under the suborder Scutelloina.
He did not recognized the subfamilies and placed various genera, viz., Echinarachnius,
Dendraster, Echinodiscus, Astriclypeus, Encope, Mellita, and Rotula, into a single family
Scutellidae. MORTENSEN (1948-c) also had a.single family, the Scutellidae, under the
Scutelloina, and divided the fémily into four subfamilies, viz., Scutellinae, Astri-
clypeinae, Monophorinae, and Rotulinae. He had the subfamily Scutellinae, comprising
the Recent genera Echinarachnius, Scaphechinus, and Dendraster, and the fossil genera
Scutella, Periarchus, Protoscutella, Eoscutella, Theringiana, Scutulum, Mortonella, Anor-
thoscutum, Samlandaster, Astrodapsis, Merriamaster, and Praescutella ; to the subfamily
Astriclypeinae belong the genera Echinodiscus, Amphiope, Scutaster, and Astriclypeus:
to the Monophorinae the genera Monophoraster, Mellita, and Encope (with the sub-
genus Mellitella); and to the Rotulinae the genera Rotuloidea and Rotula.

In his study on the clypeasteroid echinoids, DURHAM (1955, pp. 116-117, 149-183)
recognized, by considering their geographic and geologic distribution together with a
careful analysis of their relationships, nearly ten times as many families (except the
Rotulidae) and one and a half as many genera in the Scutelloina as MORTENSEN did
(1948-b). The families are those recognized by DURHAM in his strict usage are as
follows :—Scutellidae GrRAY, 1825, Protoscutellidae DUurRHAM, 1955, Eoscutellidae DuR-
HAM, 1955, Dendrasteridae LAMBERT, 1900, Echinarachniidae LAMBERT, 1914 (emend.
by DURHAM, 1955), Monophorasteridae LAHILLE, 1895, Mellitidae STEFANINI, 1912, Astri-
clypeidae STEFANINI, 1912, Abertellidae DURHAM, 1955, and Scutasteridae DURHAM,
1955. PHiLIP (1965, p. 58) in his preliminary family subdivisions of the Scutelloina,
in the strict usage of DurHAM (1955), had only two families (except for the Rotulidae),
the Astriclypeidae STEFANINI, 1912, and Scutellidae GRAY, 1825.

In DURHAM’S strict usage of the suborder Scutelloina, two groups are recognized
by their major structural features. The first group is characterized by having flat
tests without lunules or marginal slits; it approximately corresponds with MORTEN-
SEN’S strict usage of the Scutellinae and with PHILIP’s Scutellidae. The second group
is characterized by having large tests with lunules or margina! slits in the ambulacra
or in the posterior interambulacrum (5); it corresponds with PHILIP'S usage of the
Astriclypeidae and with MORTENSEN’s Astriclypeinae pius Monophorinae.

The writer (NI1siyAMA, 1935, pp. 135-138; 1940, pp. 808-819) and DurHAM (1955,
pp. 116, 149) once pointed out that the first group (MORTENSEN’S usage of the Scutel-
linae) should not be a monophyletic origin, but may be diphyletic or polyphyletic
origin, and the northern Pacific genera (e.g., California and Japanese ones, such as
Echinarachnius, Asirodapsis, and Dendraster) should be phylogenetically different from
the Atlantic genera (e.g., East Coast of North and Central American ones, such as
Mortonella, Periarchus, and Protoscutella), which are obviously older in geological
occurrence than the former. The European genera of mainly Miocene epoch (e.g.,
Scutella and Parasculella) retain some primitive characters but have specialized in the
oral ambulacral furrows, and seem to be, as stated by DURHAM (1955, p. 116), the
North Pacific lineage (e. g., Echinarachnius) is derived from their ancestry. They
should be classified into a single family. The separation of the North Pacific genera
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(e.g., Echinarachnius, Scaphechinus, Dendraster, and Astrodapsis) into two families,
the Dendrasteridae and the Echinarachniidae, as proposed by DurHAM (1955, pp. 157-

169), seems to be arduous and troublesome in discrimination of the two.

DURHAM’S

distinctions of the two families are best seen in the following table.

1

Dendrasteridae

Echinarachniidae

Internal supports

well-developed

i Petals

well-formed ; a few isolated
pores outside petals;
anterior petal widely open;
outer member elongate

well-developed

well-formed ; a few isolated
pores outside petals;
usually open; outer
member elongate

Interambulacrum (5)

discontinuous on oral surface

usually discontinuous in
advanced species

Interambulacra

nearly as wide as ambulacra
at ambitus

usually two-thirds (or less)
width of ambulacra

Basicoronal

larger than ambulacral

larger than ambulacral

interambulacral plates | plates plates i
i Genital pores i four four
inframarginal

Periproct

to supramarginal

marginal to inframarginal

Oral ambulacral furrows

bifurcating or trifurcating
just outside basicoronal

with central trunk, some-
times with lateral

branches near ambitus

i plates

This table, built from DURHAM’S diagnoses, emphasizes the trifling nature of these
“families.” DURHAM (1955, p. 162) classified the Japanese genus Scaphechinus together
with the Californian Dendraster into his Dendrasteridae; but, Scaphechinus, in its
general features, geographical distribution, and in phylogenetical point, has close
relation to the primitive genus Echinarachnius of DURHAM’s usage of the Echinara-
chniidae than to the genus Dendraster. The two families should be united into a
single family or subfamily.

The occurrence of lunules or marginal slits in the test is one of the most charac-
teristics of the second group. The lunules (or marginal slits) combined with sub-
arenaceous life of the animal, permitting through the water and sand-grains on both
adoral and aboral sides, enables the animal easily slip under the substratum of sand-
grains under the sea water. The occurrence of ambulacral lunules in Echinodiscus (or
Amphiope) is very characteristic in the echinoid morphology. The origin of Echino-
discus (or Amphiope) is not clear, but if a Scutella-like form with test of large,
discoid, and with branching oral ambulacral furrows, has got the development of two
postero-lateral ambulacral lunules, approaches the form in outline of Echinodiscus.
This assumption has not contradiction in the geological and geographical distribution
and in the features of the both genera. Unfortunately, the genus Scutella has no
living representative, and the pedicellariae are not known; hence, it cannot be ascer-
tained whether it has same type of pedicellariae (e.g., ophicephalous type—an unique
character of adult Echinodiscus) as in Echinodiscus or has not.

The occurrence of a posterior interambulacral lunule in Mellita and Encope is
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more or less different course from the postero-lateral ambulacral lunules of Echino-
discus (or Amphiope) in the mode and in the geographical distribution. DURHAM
(1955, p. 116) suggested that they may have been derived from the protoscutellid (or
scutellid) ancestry. In the South American genus Monophoraster of the Miocene
epoch, there occurs only a posterior interambulacral lunule of small-size as in Mellita,
and because of this presence of a lunule it has been placed with Mellita and Encope
in a subfamily or family. DuURHAM (1955, p. 117) claimed that the specialized inter-
ambulacra of Monophoraster preclude any association with Mellita or Encope.

In any case, the morphological differences between Echinarachnius and Echino-
discus and between Dendraster and Mellita are greater or at least no lesser than the
differences between Laganum and Scutella, or they much greater than the differences
between FEchinarachnius and Astrodapsis, or between Laganunm and Peronella. It
seems highly probable that the genera Echinodiscus and Astriclypeus, and Mellita and
Encope, having ambulacral lunules or marginal slits or a posterior interambulacral
lunule make a separate family from the Scutellidae (or Dendrasterinae in the strict
usage), which without these lunules or marginal slits.

The writer recognizes, herein, as far as the Indo-West Pacific forms are concerned
4 families and 6 subfamilies in the suborder Scutelloina, viz., the Protoscutellidae
DurHAM, 1955 (with the subfamilies, Protoscutellinae DURHAM, 1955, and the Eoscutel-
linae DURHAM, 1955), the Scutellidae GrAY, 1825 (with the subfamilies, Scutellinae
GrAy, 1825, and the Dendrasterinae LAMBERT, 1900), the Astriclypeidae STEFANINI,
1912 (with the subfamilies, Astriclypeinae STEFANINI, 1912, and the Mellitinae STEFA-
NINI, 1912), and the Monophorasteridae LAHILLE, 1896. It is to be noticed that there
are striking examples of parallel evolution within the suborder, in the oral ambula-
cral furrows, the arrangement of coronal plates on the oral surface, and in the basi-
coronal row, and some of these families (or subfamilies) are poorly differentiated from
one another. The families and subfamilies are discriminated from one another as
shown by the following key.

Key to the families and subfamilies of the Scutelloina.

1. Test of usually moderate size, without lunules or marginal slits .............. 2
Test of usually large forms, with lunules or marginal slits .................. 5

2. Genital pores 5 or 4. Petals well-developed, moderately closed. Interambulacra
usually continuous on oral surface. Periproct marginal or on oral surface.

Oral ambulacral furrows simple to bifurcating.............. Protoscutellidae

Genital pores 4. Petals well-formed, open distally or moderately closed. Inter-
ambulacra discontinuous or continuous on oral surface. Periproct supramar-
ginal to inframarginal, or on oral surface. Oral ambulacral furrows variable,

simple to bifurcating or trifurcating...................... Scutellidae. ..... 4
3. Genital 5. Periproct on oral surface. Oral ambulacral furrows simple to bifur-
(o8 18 o - Protoscutellinae

Genital pores 4. Periproct marginal. Oral ambulacral furrows bifurcating just
outside basicoronal plates .............coiiiiiiiiriii Eoscutellinae
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4. Petals moderately closed, no primary pore-pairs outside petals. Interambulacra
continuous on oral surface. Periproct on oral surface. Oral ambulacral fur-
rows bifurcating just outside basicoronal plates .................. Scutellinae

Frontal petal usually open distally, paired petals open or more or less closed, a
few isolated pores outside petals. Interambulacra, particularly the posterior
(5), discontinuous on oral surface. Periproct supramarginal to inframarginal.
Oral ambulacral furrows simple to bifurcating or trifurcating ..............
.............................................................. Dendrasterinae

5. Genital pores 5 or 4. Ambulacral lunules or marginal slits or a posterior inter-
ambulacral lunule present. Interambulacra usually discontinuous, rarely the
posterior (5) continuous, on oral surface; on oral surface widening toward
ambitus, about as wide as ambulacra at ambitus .... Astriclypeidae ...... 6

Genital pores 4. Only a posterior interambulacral lunule present or none. Inter-
ambulacra continuous on oral surface, much narrower than ambulcra, narrower
at ambitus than midway on oral surface ................ Monophorasteridae

6. Genital pores 4. Ambulacral lunules or marginal slits present, but no posterior
interambulacral lunule. Interambulacra discontinuous on oral surface ......
.............................................................. Astriclypeinae

Genital pores 5 or 4. A posterior interambulacral lunule and ambulacral lunules
or marginal slits present. Paired interambulacra discontinuous, but rarely
the posterior (5) continuous, on oral surface ...................... Mellitinae.

There are fossil representatives of the families, the Scutellidae (the subfamily

Dendrasterinae) and the Astriclypeidae (the subfamily Astriclypeinae) in our collection..

Family SCUTELLIDAE GRAY, 1825

Scutellidae GRAY, 1825, p. 427 (pro parte).—Scutellidae Acassiz: A. Acassiz, 1872-74, pp. 106,
524 (pro parte).—Scutellinae LAHILLE, 1895, pp. 33-34.—MORTENSEN, 1948-c, pp. 359, 360.—
DurHaAM, 1955, p. 150 (partim).

Type-genus.—Scutella LaAMARCK, 1816.

Test usually of moderate size, very flat, without lunules or marginal slits.
Internal skeletal supports within test more or less complicate structure or rather
simple. Ambulacra usually distinctly petaloid adapically, on oral surface forming
distinct, usually branching, or rarely simple, furrows, which usually terminating
adorally in a small projection over peristome ; petals well-formed, a few isolated pores.
outside petals or none, open distally or moderately closed ; outer member of pore-pair
elongated. Interambulacra discontinuous, particularly the posterior (5), or continuous
on oral surface, nearly as wide as ambulacra or two-thirds ambulacra at ambitus.
Apical system central, or more or less eccentric to anterior or posterior, with 4 genital
pores. Peristome central, small, rounded, mostly with edge abruptly sunken. Peri-
proct supramarginal to inframarginal, or on oral surface. Basicoronal interambulacral
plates as large as or larger than ambulacral plates. Oral ambulacral furrows variable,
simple to bifurcating or trifurcating, or with central trunk, sometimes with lateral
branches near ambitus. Primary radioles of oral side simple, those on aboral side
more or less conspicuously club-shaped; miliary radioles mostly simple, terminating
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in a glandular bag. Pedicellariae bivalved in living species. Tube-feet with only a
pair of spicules in sucking disc. Larva with a skeleton of basket type, usually rather
complicate (after MORTENSEN, 1948-c, and DURHAM, 1955).

From the Oligocene to Recent.

This family comprises, as described above the European fossil forms and North
Pacific Recent and fossil forms. The North Pacific forms themselves constitute a
subfamily separate from the European forms.

Subfamily DENDRASTERINAE LAMBERT, 1900

Dendrasteridae LAMBERT, 1900, table opp. p. 50 (pro parte).—LAMBERT and THIERY, 1914, p.
316 (pro parte).—DurHAM, 1955, p. 157 (partim). .
Type-genus.—Dendraster Acassiz, 1847.
Phelsumasteridae LAMBERT and THIERY, 1914, p. 316 (partim).—Echinarachniidae LAMBERT :
DurHAM, 1955, p. 163 (emended for Phelsumasteridae LAMBERT and THIERY, 1914).
Type-genus.—Echinarachnius GrAY, 1825=Phelsumaster LAMBERT and THIERY, 1914.

Petals well-formed, a few isolated pores outside petals, outer member of pore-pair
elongated ; petals open distally or paired ones moderately closed. Posterior inter-
ambulacrum (5) usually discontinuous on oral surface; interambulacra nearly as wide
as or two-thirds ambulacra at ambitus. Basicoronal interambulacral plates larger
than ambulacral plates. Oral ambulacral furrows variable, simple to bifurcating or
trifurcating just outside basicoronal plates, or with central trunk, sometimes with
lateral branches near ambitus. Radioles, pedicellariae, and tube-feet as in the diagnosis
of the family (from DURHAM, 1955).

From the Upper Oligocene to Recent, Pacific Coast of North America to Japan

This subfamily comprises North Pacific Recent genera Dendraster, Echinarachnius,
and Scaphechinus, and fossil genera Astrodapsis, Kewia, and others. Since the relation-
ships of the North Pacific forms, viz., Echinarachnius parma (LAMARCK, 1816), Scaphe-
chinus mirabilis A. AGASSIZ, 1863, Astrodapsis antiselli CONRAD, 1856, and Dendraster
excentricus (ESCHSCHOLTZ, 1831), to one another are very close, it is necessary either
to unite all the species in a single group, or otherwise to separate them by drawing
arbitrary lines; and the external features useful for
a natural classification of this group are once dis-
cussed by the writer (Nisiyama, 1940, pp. 809-812)
and DURHAM (1949 ; 1952; 1955). The writer, herein,
discusses the oral .ambulacral furrows and the ar-
rangement of plates on the oral surface, which are
hitherto rather little paid attention.

The oral ambulacral furrows of Ech. parma (text-
fig. 34 [9]) do not branch until over halfway to the

margin, with a pair of simple side branches distally, Fig. 34 [9]. Oral ambu-
issuing at angle of about 45° at the height of the lacr.a : fu,rrows of Echinara-

: chnius -~ ‘parma (LAMARCK,
3rd ambulacral plates (or the distal end of first post- 1816), x0.6. -

basicoronal plates); the main furrow continues beyond
the branching to the edge of the test, may even pass a little onto the aboral 51de
The oral ambulacral furrows of Ast. antiselli resembles those of Ech. parma-in the
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Fig. 35 [10]. Oral ambu-

lacral furrows of Scutellaster Fig. 36 [11]. Oral ambulacral
oregonensis major (KEw, 1920), furrows of Scaphechinus mirabilis
x0.6 (from DUrRHAM, 1949). A. Acgassiz, 1863, x0.7.

manner of branching, but they are broad and the side branches are few in number.
“The oral ambulacral furrows of Scaph. mirabilis (text-fig. 36 [11]), are characterized
by the furrows bifurcating at the second (or just outside the basicoronal plates)
ambulacral plates into two diverging main branches, which have a varying number
.of small side-branches distally, mainly on the outer side; the main stem of .the fur-
rows does not continue beyond the bifurcating point. The oral ambulacral furrows
-of Scutellaster as typified by those of Scut. oregonensis major (KEw, 1920) (text-fig.
35 [10]) are somewhat similar to those of Dendraster in that the system of the two
postero-lateral ambulacra (I and V) is the most complex, while that of the frontal
.ambulacrum (III) is the most reduced ; the branching is usually a modified trifurcation
‘instead of a bifurcation. In Dend. excentricus the furrows bifurcating just outside
the basicoronal plates, which are decidedly smaller than those of Scaph. mirabilis, and
.a second time, somewhat unequally, about a half or two-thirds the distance to the
‘margin, and subsequently several short minor branches are given off (text-fig. 37 [12]);
.and as in Scutellaster the system of the frontal ambulacrum (III) is the simplest, while
those of the postero-lateral ambulacra extend over the margin onto the aboral surface.

In the ambulacral and interambulacral plates system (the arrangement of the
plates) on the oral surface, the marked differences are apparent between some of
these species and close similarities between others. The arrangement in Merriamaster,
Dendraster, Scaphechinus, and Ast. antiselli, is much similar, whereas in Echinarach-
nius and Scutellaster is markedly different from each other and from the other four.
The plates of the basicoronal row surrounding the peristome in each case consists of
ten ambulacral and five interambulacral plates, thus conforming to the typical scutellid
pattern of the family. In the comparative meaning, the plates of the basicoronal row
are the smallest in Dendraster, and successively larger in Merriamaster, Ast. antiselli,
.Scutellaster, Echinarachnius, and Scaphechinus.

On the basis of the arrangement of the plates, Scutellaster appears to be the most
primitive in that the basicoronal interambulacral plates are contact with post-basi-
.coronal plates in areas 1, 2, 3 and 4, and only in the posterior area (5) the inter-
.ambulacral plate has been pushed dorsally so that the first post-basicoronal ambulacral
-plates of the postero-lateral areas (I and V) are in contact. In the postero-lateral
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Fig. 37 [12]. Oral ambu-

lacral furrows of Dendraster Fig. 38 [13]. Structure of
excentricus (EscHsCHOLTZ, oral surface of Echinarachnius
1831), x0.55. parma (LAMARCK, 1816), x0. 8.

interambulacral areas (1 and 4), only one column of plates is in contact with the basi--
coronal plate, with the plate making this contact being very high and rather narrow..
In the antero-lateral interambulacral areas (2 and 3), both columns make contact with
the basicoronal plate. The plates of the basicoronal row are moderately large and
the interambulacral plates in the antero-lateral areas (2 and 3) are larger than the
other three. On the oral surface, there are from three to six post-basicoronal ambula--
cral plates to a column; and two to three post-basicoronal interambulacral plates to-
a column. ' The interambulacral plates of the basicoronal row are from one to three
times as large as the adjacent ambulacral plates.

In Echinarachnius, some are just as in Scutellaster, but the others in contrast to-
that genus, the basicoronal interambulacral plates are just barely in contact in the
antero-lateral areas (2 and 3) with the post-basicoronal plates and are completely
separated from them in areas 1,4 and 5. The basicoronal interambulacral plates have
become greatly enlarged in contrast to the adjacent ambulacral plates and have a
total area six to eight times as great as the ambulacrals (text-fig. 38 [13]). There
are usually five post-basicoronal ambulacral plates to a column on the oral surface,.
and three post-basicoronal interambulacral plates to a column. The variability of the
shape of the basicoronal interambulacral plates in Ech. parma is pointed out by DUR--
HAM (1949, p. 58; 1955, pp. 109, 111). The shape of the basicoronal interambulacral.

Fig. 39 [14]. Structure of

oral surface of Scutellaster Fig. 40 [15]. Structure of
oregonensis quaylei GRANT and oral surface of Echinarachnius
HErRTLEIN, 1938, x1.4 (from laganolithinus Nisivyama, 1940,.

DurHAM, 1949). x 0. 6.
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plates is shown formerly by the writer (NIstYyAMA, 1940, text-fig. 1 on p. 808) for a
specimen from Maine, much differ from the shape in the figure given by DURHAM
(1949, text-fig. 28 on p. 54) for a specimen from Alaska, but resembles that given by
JACKSON (1912, text-fig. 52 on p. 52) for a specimen from Maine.

Dend. excentricus, Merriamaster perrini, and Ast. antiselli are characterized by
the plates of the basicoronal row being quite small in comparison to the next row of
plates, and by all the interambulacral areas being approximately equally separated
from the basicoronal interambulacral plates, so that the first row of post-basicoronal
ambulacral plates of each ambulacrum is in lateral contact with the plates of the
adjacent ambulacrum. In addition, in contrast to the condition prevailing in Echina-
rachnius but similar to that in Scutellaster, the first post-basicoronal ambulacral plates
are considerably larger than subsequent plates of the same column. In Dend. ex-
centricus (text-fig. 41 [16]), there are three to four (except the posterior interambulacral
area (5) which has two or rarely three) post-basicoronal plates in each interambulacral
column, and one large and three to five smaller plates in each ambulacral column on
the oral surfacea.

Fig. 41 [16]. Structure of
oral surface of Dendraster ex-

centricus (EscHscHOLTZ, oral surface of Scaphechinus
1831), x0.6 (from GRANT and mirabilis A. AcGassiz, 1863,
HERTLEIN, 1938). x0.7.

Scaphechinus (text-fig. 42 [17]) is characterized by all the interambulacral areas
being separated from the basicoronal interambulacral plates, so that the first row of
post-basicoronal ambulacral plates of each ambulacrum is in lateral contact with the
plates of the adjacent ambulacrum as in Dendraster. But the basicoronal inter-
ambulacral plates have become greatly enlarged in contrast to the adjacent basicoronal
ambulacral plates and have a total area four to five times as great as in Echinarach-
nius. There are two to three (except the posterior interambulacral area (5) which
has two) post-basicoronal plates to a column as in Echinarachnius, and one large and
three to four smaller plates in each ambulacral column on the oral surface as in
Dendraster.

In Merriamaster (text-fig. 43 [18]), the arrangement of the plates is quite similar
to Dendraster except that the basicoronal plates are proportionately a little larger, and
that there are more plates in the columns on the oral side and the individual plates
near the ambitus have a very low altitude in proportion to their length, a character
in which they are allied to Astrodapsis. In the ambulacral areas, there is one large
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post-basicoronal plate followed.by four to six plates
in a column, with the most plates in the anterior
areas, while there are three to five post-basicoronal
plates in the column of the interambulacral areas,
again with the most plates in the anterior areas.

The internal partition walls and buttresses of the
genera Dendraster, . Echinarachnius, Merriamaster,
and Scutellaster are shown by DurRHAM (1949, pls.
1-2), of the genus Scaphechinus by the writer (NIsI-

Fig. 43 [18]. Structure of YAMA, 1940, text-figs. 35-38 on p. 834, pl. 43, fig. 4),

oral surface of Merriamaster of the genus Pseudoastrodapsis by the writer (NISI-
perrini (WEAVER, 1908), x1.2 YAMA, 1948, figs. 11-12), and of the genus Kewia by
(from DUrHAM, 1949). NAGAO (1928, pl. 1, fig. 6). All the genera are typified
by two fairly closely spaced radial partition walls extending from the periphery in-
wards some distance in each interambulacrum, together with a variable development,
or almost lacking, of supplementary concentric buttresses. Those of Kewia and
Pseudoastrodapsis (at least in the type-species) are the simplest, extending in only
half of the distance from the peripehry and having no supplementary buttresses.
Those of Merriamaster are the simple, extending in only about one-third of the dis-
tance from the periphery and having only a slight development of supplementary
buttresses, this latter feature separates it from Astrodapsis, which in the primitive
species examined has no supplementary buttresses, in this fact Astrodapsis coincides
with Pseudoastrodapsis. Scutellaster has the radial partition walls and buttresses
about equivalent to Merriamaster but much heavier. Echinarachnius has the same
radial partition walls, and finer but more abundant buttresses covering a greater area
of the floor, but not as many as in Dendraster. Scaphechinus has the quite same
radial partition walls as in Echinarachnius, and almost same or more or less abundant
supplementary buttresses as in Echinarachnius.

The extinct genus Astrodapsis is highly diverse in the major morphology (text-
fig. 44 [19]), but is readily separable from the genera discussed above by the numerous
low plates of the ambulacral columns outside of the petals extending over the ambitus
onto the oral surface before they begin to increase in size, in addition to having

Fig.'.4'4 ,[19]'. 'Struc_t.:.ilre_o"f .o-ra.l_ surface_ of ‘AstrodaApsi.s (‘fbr‘om DuRHAM, 1955) .
o " a. A. brewerianus (REMOND, 1863); x1.5. '
b. -A. antiselli CONRAD, 1856, x0.7.
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raised petals, and oral ambulacral furrows of the general type of Echinarachnius.

In Kewia, the basic pattern of the arrangement of plates on the oral surface seems.
to be the most primitive as in that of Scutellaster, the basicoronal plates are large,
and the tip of the large basicoronal interambulacral plates just touching the base of
subsequent plates in each area except the posterior interambulacrum (5). There are
three post-basicoronal plates in each ambulacral column, and only two post-basicoronal
interambulacral plates to a column. The oral ambulacral furrows usually indistinct
and seem to be simple, not divided or rarely divided distally near the margin of the
test. The internal partition walls extending in about
one-third to a half of the distance from the periphery
and without or with a few supplementary buttresses.

In Pseudoastrodapsis (text-fig. 45 [20]); the basi-
coronal plates are moderately large and the inter-
ambulacral plates are much smaller than the am-
bulacral plates; interambulacral areas on the oral
surface very narrow, about one-fourth the width: of
the ambulacral areas at the ambitus; the post-basi-
coronal interambulacral plates in contact with the
basicoronal plates in the areas 1, 2, 3 and 4, but .Fig. 45 [20]. Structure of
moderately separated in the posterior area (5). There oral surface of Pseudoastro-
are four to five post-basicoronal interambulacral dapsis mipponicus (NisIYAMA,

. 1948), x1.8 (from DURHAM,
plates in the areas 1, 2, 3 and 4, and three plates in 1952).
the posterior area (5), and about six to seven post-
basicoronal ambulacral plates to a column on the oral surface. The oral ambulacral
furrows, at least in the type-species, are simple and unbranched. Pseudoastrodapsis,
at least in the type-species, has five pairs of internal radiating partition walls but no
supplementary buttresses as in most species of Astrodapsis.

Allaster has similar arrangement of ambulacral and interambulacral plates on the
oral surface as in Kewia and Scutellaster, and the oral ambulacral furrows are simple
and unbranched-as in Kewia or Pseudoastrodapsis (in the type-species). Also it has
five pairs of strong internal radiating partition walls extending in about one-fourth
the distance from the periphery. L

In summary of the above discussion, with regarding the eccentricity of the apical
system, the position of periproct, the form and details of ambulacral plates, and the
amount of elevation of petaloid area and depression in interambulacra, the North
Pacific -genera of the family are discriminated from one anothér as shown by the

following key. -

Key to the genera .of the subfamily Dendrasterinae.

1. Oral ambulacral furrows simple or: branching only distallly, the main stem gener-

ally continuing to the edge of 'test ............ e e PR 2
Oral ambulacral furrows bifurcating near the peristome, the main stem not con-
tinuing beyond the point of bifurcation....... eieeeaaan e Lol 10
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Oral ambulacral furrows branching distally ...t 7

3. Periproct supramarginal. Edge of test thin and sharp ...................... 4
Periproct marginal. Edge of test thin, or swollen ..................... .. ... 5

4. Interambulacra continuous, except posterior area (5), on oral surface. Aboral
surface low arched. Fossil .........coviiiiiiiiiiiiiiiiiiiiiiiia. .. Kewia
Interambulacra apparently all discontinuous on oral surface. Test flattened.
FoOSSil o iii i i e e e, Tenuirachnius

5. Edge of test thin and sharp........... et ettt e 6
Edge of test swollen. Aboral surface depressed. Petals open distally. Fossil..
.................................................................... Allaster

6. Test usually longer than broad. Paired interambulacra continuous on oral sur-
face. Peripheral ambulacral plates low altitude. Fossil ........ Remondella

Test broader than long. Interambulacra usually discontinuous on oral surface.
Margin of test more or less strongly indented at posterior ambulacra (I and

V). Fossil ...t Pt Vaquerosella

7. Petals more or less conspicuously raised, with intervening interambulacral de-

pressions. Periproct inframarginal ........ ... ... . . i i 8

Petals not raised. Periproct marginal, or rarely supramarginal....Echinarachnius

8. Apical system central. All petals subequal ............ ... ..o i, 9
Apical system posterior. Petals unequal, postero-lateral petals (I and V) shorter
than the others. Fossil ........ ..o, Merriamaster

9. Interambulacral areas on oral side very narrow, about one-fourth of ambulacral
areas. Fossil ... it e e Pseudoastrodapsis
Interambulacral areas on oral side rather broad, more than half ambulacral areas.
TS Astrodapsis

10. Apical system subcentral. All petals subequal. Periproct supramarginal or
0T = 1 1) P 11

Apical system posterior. Petals unequal, postero-lateral petals (I and V) much
shorter than the others. Periproct on oral surface.............. Dendraster

11. Periproct supramarginal. Paired interambulacra usually continuous on oral
surface. Petals large and more or less subequal, postero-lateral petals more

or less shorter than the others. Fossil ................ccoiiut. Scutellaster
Periproct marginal, or rarely supramarginal. Interambulacra usually discon-
tinuous on oral surface. Petals subequal, more or less open distally

.............................................................. Scaphechinus.

Among these North Pacific genera, it seems evident that Scutellaster is not closely
related to Echinarachnius as was suggested by STEWART (in WOODRING, STEWART,
and RICHARDS, 1940, p. 83), and the both genera are distinct from Dendraster, although
an upper Miocene species of Tenuirachnius, which could have given rise to Dend-
raster. Merriamaster is probably not as closely related to Echinarachnius, as it is
to Dendraster or to Astrodapsis. Scaphechinus is closely related to Echinarachnius,
but it differs from that genus in mode of bifurcation of the oral ambulacral furrows
and in the arrangement of plates on the oral surface. Pseudoastrodapsis resembles
superficially the Californian genus Astrodapsis, but is distinguished from that genus
by the arrangement of plates on the oral surface. Kewia is evidently related to the
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primitive forms of Echinarachnius, and MORTENSEN (1948-c, p. 365) doubted its generic
or subgeneric validity and regarded it as a synonym of that genus. Allaster probably
most related to Pseudoastrodapsis than to any other genera in the form of petals and
general features of the test on one hand, and also resembles Kewia in the arrange-
ment of plates on the oral surface, the oral ambulacral furrows, and simple internal
supports, on the other hand.

The genus Dendraster may be regarded as characterized by an eccentric apical
system, small plates in the basicoronal row, post-basicoronal interambulacral plates
not in contact with basicoronal plates, periproct usually on oral surface, and unequal
bifurcating ambulacral furrows extending onto aboral surface in the posterior areas.
Echinarachnius is characterized by a normally central apical system, very large plates
in the basicoronal row ; in advanced species with interambulacral plates in the antero-
lateral areas (2 and 3) just barely in contact with basicoronal plates, oral ambulacral
furrows equally trifurcaitng distally near the margin, and periproct usually marginal ;
but, in primitive species, post-basicoronal interambulacral plates may be continuous
in the areas from 1 to 4, except the posterior (5), and periproct more or less supra-
marginal. In Scutellaster, as far as known, the periproct is always supramarginal,
the apical system is usually somewhat eccentric, the ambulacral furrows approach
those of Dendraster in complexity, but the major branching is a modified trifurcation
instead of bifurcation. Merriamaster is intermediate between Dendraster and Astro-
dapsis, having small plates in the basicoronal row, the post-basicoronal interambulacral
plates separated from the basicoronal plates, a rounded margin, supramarginal peri-
proct, a few concentric internal buttresses, and simple branching ambulacral furrows
which may extend onto the aboral surface. Kewia is characterized by the simple,
unbranched, or indistinct oral ambulacral furrows, the basicoronal interambulacral
plates usually in contact with the subsequent plates except the posterior area (5),
petals composed of relatively small number of plates, the eccentric in front position
of the apical system, the supramarginal position of periproct, and by the strong internal
partition walls without or with a few supplementary buttresses. As for Vaquerosella,
particularly Vaq. merriami (ANDERSON, 1905)—from the Temblor (Miocene) formation
of California, DURHAM (1949, p. 60) stated that it appears possible that it could be
ancestral to all later scutellids (dendrasterids) of California region. The Californian
fossil genus Remondella, as stated by DURHAM (1949, p. 60), may be near the ancestral
stock of Scutellaster or also be a side-branch of the stock that produced Astrodapsis.

The above discussion on the related genera of the North Pacific dendrasterid
echinoids is summarized as follows. The least specialized genus is the Kewia, which
is regarded to be nearly as the ancestral radicle of the North Pacific echinarachnid
echinoids, particularly of the Echinarachnius of Japanese and Californian species, and
the morphological relation of Kewia to Echinarachnius seems to be direct- and con-
tinuous. The Kewia, or the primitive Echinarachnius, on the Japanese side probably
near to ancestral radicle of the more specialized Echinarachnius and - Scaphechinus,
and that on the Californian side together with Vaquerosella and Tenuirachnius may
be near to ancestral radicle of the more specialized Echinarachnius, Astrodapsis, Scutel-
laster, Merriamaster, and Dendraster, as stated by DURHAM (1949, pp. 60-62). The
northwestern Pacific peculiar echinoid, Allaster, may be a side-branch of the stock
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that probably produced Pseudoastrodapsis. Astrodapsis brewerianus (REMOND, 1963),
from the Briones formation (Miocene) of California, is regarded the most primitive
species currently referred to Astrodapsisin its general features, and may be descend-
ant of a primitive Tenuirachnius, as described by DURHAM (1949, p, 60): The writer
regards the North Pacific forms of the dendrasterids, e.g., Kewia, Echinarachnius,
Allaster, Astrodapsis, Pseudoastrodapsis, Vaquerosella, Remondella, Scutellaster, Merri-
amaster, and Dendraster, as each separate and valid genus.

The fossil representatives of the genera, Kewia, Echinarachnius, Scaphechinus,
Allaster, and Pseudoastrodapsis in our collection.

Genus Kewia NISIYAMA, 1935

Kewia Nisiyama, 1935, p. 131, foot-note (subgenus ad Echinarachnius).—Nisiyama, 1940, pp.
817, 819, 853 (SubgenuS)L—MORvTENSEN, 1948-c, pp. 363, 365(?).—DurRHAM, 1955, p. 164,
text-figs. 3a, 34d, 36f (genus)."

Orthotype.—Scutella blancoensis Kew, 1920, p. 64, pl. 11, figs. la-c (San Lorenzo Series,
Oregon).—Echinarachnius blancoensis (KEw) GRANT and HErTLEIN, 1938, p. 57, pl. 26,
figs. 5-7 (Empire formation, Oregon).

" Test usually of small size, oval or round outline, at times slightly elongated
posteriorly, aboral side low- arched, oral side flat or more or less concave orally, highest
point usually slightly anterior to apical system. Petals composed of comparatively
small number of plates, frontal petal broadly open distally, paired petals open or
moderately closed ; petals about two-thirds length of radius; pore-pairs more or less
conjugate. Ambulacra more or:less -wider than interambulacra at ambitus. Oral
ambulacral furrows usually'simple, unbranched, and not reaching to edge. Peristome
eccentric in front or central, moderately large, more or less sunken. Apical system
usually eccentric in front, with four genital pores. Periproroct usually supramarginal,
close to margin. Basicoronal plates of moderate size, somewhat irregular in type-
species, interambulacral plates considerably larger than ambulacral plates; post-basi-
coronal interambulacral- plates in areas 1, 2,-3, and 4 in contact with basicoronal
plates or approximately so; posterior area (5) widely separated from basicoronal row ;
on oral surface interambulacral areas la, 2a, 2b, 3a, 3b, and 4b with three post-basi-
coronal plates, areas 1b, 4a, 5a, and 5b with two or three post-basicoronal plates to a
column ; post-basicoronal ambulacral plates on‘oral surface three to five to a column.
Interambulacra one-third to one-half as wide as ambulacra at ambitus, with posterior
area (5) narrowest. Five pairs of strong partmon walls within test, without or with
a few supplementary buttrésses. ° R ' :

From the Oligocene to Miocene of Oregon, Cahforma and Japan, as well as
Sakhalin. :

As for the geological horizon of the type-species, K. blancoensis, DURHAM kindly
wrote to the writer (March 6, 1953), as—*“Your genus-Kewia (type Scufella blancoensis
KEw) has had me worried for some time because later literature than that you cited
claimed that Scutella blancoensis was from beds of: ‘Pliocene: age,: yet it'is a primitive
species in its-structure. However last Fall 1 (Dr."DURHAM) visited' the.type locality
and found that it-is from amnother formation which is of Iower Miocene age. Now it
fits into” the evolutionary sequence much better.” " - : o
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MORTENSEN (1948-c, p. 365) doubted the Kewia as a valid genus or subgenus of
Echinarachnius, as the almost all species referred to this genus (or subgenus) have
characters considerably resembling those of neanic (or some nepionic) stage of species
referred to the genus Echinarachnius, and there is a doubt on maturity of described
and figured specimens of the species of Kewia. The writer, however, after examined
many specimens referable to Kewia, found that the specimens have well-marked
genital pores as in adult specimens of Echinarachnius; while in the young specimens
of almost equal size of longitudinal diameter of Scaphechinus brevis (NISIYAMA, 1940,
text-figs. 38-60, 64) the genital pores have not yet appeared outside. In the examined
specimens of Kewia in our collection, there is no specimens over 50 mm in longitudinal
diameter of test, and the specimens may be regarded as nearly as adult forms. On
the contrary, in the fossil specimens of Echinarachnius examined, the writer found
that small specimens (less than 30 mm in longitudinal diameter) are comparatively
few in number and without outside develdpment of genital porss, whereas adult
specimens (over 60 mm in longitudinal diameter) are common and with well developed
genital pores. Hence, the writer regarded the specimens with well marked genital
pores as nearly as the adult forms referred to the genus Kewia, notwithstanding
small size of their test and the primitive characters in their general features. The
primitive characters in general features ascertained in the species of Kewia and their
older geological age fit into the evolutionary sequence fair well.

Kewia may be differentiated from Echinarachnius by its supramarginal periproct,
more elongate first pair of post-basicoronai interambulacral plates, simpler internal
skeletal supports, and by the usually greater closure of the paired petals.

There are apparently more than four species of the genus in Japan and the
adjacent regions. |

Kewia parva (NISIYAMA, 1940)

Echinarachnius (Kewia) parvus NisiyAMma, 1940, p. 822, pl. 44, figs. 7-12.—Kewia parva (NisI-
yaMa) DurRuaM, 1955, p. 166.—Nisivyama, 1965, p. 79.

Holotype.—IGPS coll. cat. no. 60328. _

Locality and geological horizon.—Near Kawakami Hot spring, Toyokita-mura,
Sakaehama-gun, South Sakhalin. Shirahimeyama formation, Oligocene.

There are about one hundred and fifty spscimens referable to this species in the
collection, ranging from 10 to 28 mm in longitudinal diameter; the holotype (22mm
in longitudinal diameter) has well-marked outside genital pores; periproct round,
supramarginal at about 1.5 mm from the posterior edge of test, and placed in a very
shallow groove. ‘ ' ' ' o

This species closely resambles K. blancoensis (KEw, 1920) (loc. cit.), from the
Empire formation (Lower Miocene or Oligocene) of Cape Blanco, Oregon, but ‘is dis-
tinguished from that species by the periproct lying in a very shallow groove and
situated further apart from the posterior edge of the test, the petals are wider open
and more flaring, narrower and shorter, do not extend to so near the margin, and
the poriferous zones are more or less narrower, and further the test .is less elevated
with the posterior end more pointed. This species ‘may be regarded as a primitive
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member of the genus, and in its morphological features it is less developed than the
American species, as is indicated by the form of test, the primitive characters of the
petals as well as in the feature of the oral ambulacral furrows. It appears possible
that it represents the near ancestral stock from which the Japanese echinarachniids
are probably derived.

Kewia nipponica (NAGAO, 1928)

Scutella nipponica Nacao, 1928, p. 16, pl. 1, figs. 5-6.—Echinarachnius (Kewia) nipponicus
(Nacao) Nisivyama, 1940, p. 821.—Echinarachnius nipponicus (NAGAO) : MORISHITA, 1955,
p. 228, pl. 11, figs. 3-4 (reproduced from Nacao, 1928).—Kewia nipponica (NAGao) DuRr-
HAM, 1955, p. 166.—Echinarachnius nipponicus (NAGcA0) : MoRIsHITA, 1960, p. 58.—Kewia
nipponica (NAGAO) : Nisiyama, 1965, p. 79.

Holotype.—IGPS coll. cat. no. 35956.

Locality and geological horizon.—IGPS loc. no.—Fo-31.--A point of Takasu, Shimago-
machi, Wakamatsu City, Fukuoka Prefecture (tm Orio, Lat. 33°52'56”N., Long. 130°
41/40”E.). Yamaga formation, Oligocene. Holotype.

Locality and geological horizon.—IGPS loc. no.—Fo.-32.—A point of Asakawa,
Shimago-machi, Wakamatsu City, Fukuoka Prefecture (tm Orio, Lat. 33°52/44”N.,
Long. 130°42/16”E.). Yamaga formation, Oligocene. Paratypes.

The holotype measures 48 mm in longitudinal diameter of the test. The test is
greatly depressed, and the outside genital pores have appeared; the ambulacra are
more than twice as broad as the interambulacra at the ambitus. It may be added,
here, that, there are five pairs of internal radiating partition walls within the test
and no supplementary buttresses, the oral ambulacral furrows are simple and not
divided, and the position of the periproct is probably supramarginal. This species is
apparently distinct from known members of this genus and its relationships to the
other species remain uncertain at present. NAGAO (1928, p. 16) stated that this species
resembles some Lower Miocene fossils from the western coast of North America,
such as Scutella tejonensis KEw, S. andersoni TWITCHELL, and S. merriami (ANDERSON),
and it is most closely related to the first of those American forms, but is smaller
and has a more depressed test and shorter petals. Of those Californian species, S.
tejonensis KEw, 1920 (KEw, 1920, p. 76, pl. 12, figs. 2a-2b) and S. merriami (ANDERSON,
1905) (Astrodapsis merriami ANDERSON, 1905, p. 193, pl. 14, figs. 33-34.—Scutella
merriami (ANDERSON) KEw, 1920, p. 72, pl. 12, figs. 3a-f) are referred to the genus
Vaquerosella by DURHAM (1955, p. 167). The genus Vaquerosella (DURHAM, 1955, p.
166.—Orthotype.—Scutella andersoni TWITCHELL in CLARK and TWITCHELL, 1915, p.
183, pl. 85, figs. 3a-3d) is in common with the genus Kewia in the simple oral ambulacral
furrows and in the feature of petals, but differs from the latter in having the marginal
periproct and the discontinuous interambulacral plates on the oral surface, as well as
having the broader than long test. NAGAO’S species may be referred to the genus

. Kewia, on account of its general features.

Kewia elongata (NISIYAMA, 1940).

Echinarachnius (Kewia) elongatus Nisivyama, 1940, p. 824, pl. 44, figs. 13-16, text-fig. 9.—Kewia
elongata (Nisiyama) DurHaM, 1955, p. 166.—Nisivama, 1965, p. 79.
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Holotype.—IGPS coll. cat. no. 60329.

Locality and geological horizon.—A point of Chagama-zawa, Shiritoru-machi, Moto-
domari-gun, South Sakhalin. Kawabata (Sandstone) formation?,. Miocene.

There are more than six specimens referable to this species at the writer’s dis-
posal, ranging from 23 mm to 35mm in longitudinal diameter. The holotype measures
28 mm in longitudinal diameter of the test. The marginal outline of test subelliptical ;
the outside genital pores have appeared; the interambulacra are about half of the
ambulacra at the ambitus; periproct rounded, 1 mm in diameter, supramarginal in
position and situated at 0.5mm from the posterior edge of test.

This species superficially resembles Vaquerosella andersoni (TWITCHELL, 1915),
from the Vaqueros and Temblor formations (Miocene) of California, but may be dis-
tinguished from that species by its less strongly notched margin in the postero-lateral
ambulacral areas (I and V), and small petaloid area, by which it is especially charac-
terized. The longitudinally elongated outline of test, more or less defined petals, and
distinct oral ambulacral furrows of this species are obviously more specialized than
the ovate and transversely elongated test, with somewhat flaring petals, and simple,
indistinct oral ambulacral furrows of K. parva. Comparing this species with K.
nipponica, a peculiar form of Kyushu, the longitudinally elongated outline of test, the
simple but rather distinct oral ambulacral furrows of the latter may be regarded as
almost equally specialized as those of the former. But, in the greater eccentricity of
the apical system of K. nipponica and the somewhat flaring form of petals, K. nippo-
nica is less specialized than K. elongata. Although the true generic position of the
present species is more or less uncertain, it agrees with Kewia in the form of petals
and the arrangement of plates on the oral surface, the simple oral ambulacral furrows,
and in the position of periproct. ’

The large first post-basicoronal ambulacral plates and the comparatively wide
poriferous zones of this species suggest that ‘the probable derivation of Scaphechinus
from it or its allies.

Kewia minoensis (MORISHITA, 1955)

Sismondia naganoensis MoORISHITA, 1953-a, p. 218, pl. 1, figs. 1-2, text-fig. 2.

Echinarachnius brevis: MORISHITA, 1954-a, p. 225, pl. 7, figs. 1-3, text-fig. 2 (non Echinarach-
nius brevis IKEDA, 1936).

Echinarachnius minoensis MORISHITA, 1955, p. 229, pl. 11, figs. 5-7 (pro Echinarachnius nagano-
ensis (MORISHITA, 1953), non MORISHITA, 1953).—MORISHITA, 1960, p. 57.—Kewia minoensis
(MorisHITA) Nisiyama, 1965, p. 79.

There is no authentic specimen of this species at the writer’s disposal, although
MOoRiISHITA reported the occurrence of this species from the Miocene formations of
many localities.

Localities and geological horizons of this species (after MORISHITA) are as
follows.— .

1. Shimizusawa, Aida-mura, Higashichikuma-gun, Nagano Prefecture (Lat. 36°20’
N., Long. 138°E., near Matsumoto City). Aoki formation, Middle Miocene.

2. East of Haginoshima and Inkyoyama, Kamado-mura, Toki-gun, Gifu Prefecture
(Lat. 35°25’N., Long. 137°20’E., near Tajimi City). Togari Tuffaceous Sandstone,
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Middle Miocene.

3. Yoshimura, Nagashino-mura, Minami-Shidara-gun, Aichi Prefecture (Lat. 34°
50’N., Long. 137°35'E., near Toyohashi City). Nagashino formation, Middle Miocene.

4. Okuyamada, Ujidawara-mura, Tsuzuki-gun, Kyoto Prefecture (Lat. 34°50'N,,
Long. 135°50’E., near Uji City). Tsuzuki formation, Middle Miocene. ,

5. Koyama, Susa-machi, Abu-gun, Yamaguchi Prefecture (Lat. 34°35'N., Long.
131° 35’E) Susa formatxon Middle Miocene.

6. Furuichi-machi, Nara City (Lat. 34°40’'N., Long. 135°50’E.). Fujlwara formation,
Middle Miocene. - '

The test is small and measures less than 20mm in longitudinal diameter. The
outline of test is subpentagonal and pointed behind; the outside genital pores have
already appeared; periproct is round in outline and supramarginal being at about
0.5 mm from the posterior periphery. '

The genital pores of this species seem to have fairly appeared outside in speci-
mens under 10mm in longitudinal. diameter of test, and the specimené described by
MORISHITA, as stated by MORISHITA (1955, p. 230), may fepresent adult stage, if not
were full grown, in spite of their small size. Although MoRrisHITA failed to describe
the arrangement of ambulacral and interambulacrélv plates on the oral surface and
details of the oral ambulacral furrows of this species, it may be safely referable to
the genus Kewia in its general features. The internal radiating partition walls (1953-a,
text-fig. 2 on p. 218, fig. 2 on pl. 1; 1955, fig. 6 on pl. 11) are strong and extending
in about two-thirds of the distance from the periphery inward, but without any con-
centric buttresses as in those of K. nipponica (NaGao, 1928, fig. 6 on pl. 1). The
internal structure of this species remarkably contrasts to that of Scaphechinus mira-
bilis (NISIYAMA, 1940, text-fig. 36 on p. 834) and Scaph. brevis (NisTYAMA, 1940, text-
fig. 38 on p. 834) of almost same size. In the two species of Scaphechinus the internal
radiating partition walls are short, extending in only about a half of the distance
from the periphery and having a few but rather distinct supplementary buttresses.
This feature of internal partition walis of this species also be regarded as one of the
characters of Kewia, that separates it from Echinarachnius (or Scaphechinus).

The relationships of this species to other species of the genus Kewia are not
certain. But the great resemblance of the aboral features of this species with young
of Scaphechinus brevis, as MORISHITA (1954-a, p. 225) has referred it to young of that
species, may offer more bearing of its relationships to the living species of Echinara-
chnius (or Sacaphechinus) from Japan than to other species of Kewia.

In summary of the above described species, we have no means to know which
species is the nearsst ancestral. form of the Japanese Kewia, but it seems highly
probable that the species with the inconspicuous petals, the anteriorly eccentric posi-
tion of the apical system, the supramarginal periproct, the indistinct and simple oral
ambulacral furrows, the continuous arrangement of post-basicoronal interambulacral
plates with the basicoronal row on the oral surface, and the small form of the test
are the most primitive. . We are equally ignorant as to the place of origin of the
Japanese Kewia, but there can hardly be any question that it was somewhere along
the northern Japanese region. -If these two points were accepted, Kewia parva, the
oldest species of the genus in Japan and the adjacent regions, would be the nearest
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to the original one of the Japanese Kewia or of the echinarachniid echinoids. The
phylogenetic position of K. nipponica is doubtful, as stated in the preceding page, but
may be more specialized than K. parva. The relation of K. nipponica to the three
Japanese Kewia, e.g., K. parva, K. elongata, and K. minoensis may be correlated with
that of Vaquerosella tejonensis to the three Californian species, Vaq. andersoni, Vagq.
merriami, or to K. blancoensis.

Genus Echinarachnius GRAY, 1825

Echinarachnius GrAY, 1825, p. 428 (pro parte).—AcGassiz, 1841-b, p. 88.—GrRAY, 1855-a, p. 14.—
DEsoR, 1855-58 (57), p. 230 (pro parte).—A. Acassiz, 1872-74, pp. 107, 524 (pro parte).—
Echinarachnius LESKE: DUNCAN, 1889-a, p. 158 (pro parte).—MEISSNER, 1904, p. 1383.—
H.L. CLARk, 1911, pp. 598, 605.—H.L. CLark, 1914, p. 66.—H.L. CLARK, 1925, p. 168.—
Nistyama, 1935, p. 136, foot-note.—GRANT and HERTLEIN, 1938, p. 56.—Nisivama, 1940,
pp. 804, 826.—MORTENSEN, 1948-c, p. 363 (complete synonymy), text-figs. 215-216.—DuUR-
HAM, 1949, p. 52.—TERMIER and TERMIER, 1953, p. 925.—DurHAM, 1955, p. 163, text-figs.
1i, 3b, 6e, 8a, 9a, 10a, 23-24, 261, 34a-c, pl. 2, fig. 4.—MoRIsHITA, 1955, p. 223.—CoOOKE, 1959,
p. 44.

Logotype.—Scutella parma LA\/IARCK 1816, p 11. —Echmarachmus parma (LAMARCK) A.
Acassiz, 1872-74, p. 316, pl. 11d, figs. 4-5, pl. 1le, figs. 4-5, pl. 12, figs. 1-3 (East Coast of
United States). [Acassiz, 1841-b, p. 88). [Non Echinarachnius LESKE, 1778, nec Lam-
BERT and THIERY, 1914].

Phelsumia PoMEL, 1883, p. 70 (pro Echinarachnius GRAY, 1825, non LESKE, 1778 non Phelsuma
GRAY, 1840).—Phelsumaster LAMBERT and THIERY, 1914, p. 316 (pro Phelsumza PoMEL,
1883, non Phelsuma GrRAY, 1840).

Orthotype.—Phelsumaster parma (LAMARCK) LamBERT and TRIERY, 1914, p.316.=Scutella
parma LamAarck, 1816, p. 11.

Non Echinarachnius LESKE : LAMBERT and THIERY, 1914, p. 315.

Type-species.—Echinarachnius placenta (LinNAEUS) : LAMBERT and THIERY, 1914, p. 315.=
Echinus placenta LINNAEUS, 1758, p. 666.

Test of medium or large size, usually of round outline, more or less indented at
sutures, aboral side gently arched, oral side perfectly or nearly flat. Petals well de-
veloped, about three-fourths length of radius, usually broadly open distally, flaring
at end; poriferous zones relatively narrow, a few small isolated pore-pairs (super-
numerary pedicels) continuing pore-series of petals; outside petals ambulacra usually
widen conspicuously, interambulacra being correspondingly restricted, about two-thirds
as wide as or less ambulacra at ambitus. Peristome of moderate size, central, abruptly
sunken; periproct small, marginal or rarely supramarginal, situated usually between
third pair of post-basicoronal plates. Apical system usually central, with four genital
pores. Oral ambulacral furrows with a pair of simple side branches distally, issuing
at angle of about 45° at height 3rd (or distal end of 2nd) post-basicoronal ambulacral
plates (trifurcating about one-third distance from margin); main furrow continues
beyond branching point to edge of test, may even passes a little onto aboral side; in
some species there are 2-3 side branches, which may even again have 1 or 2 side
branches; furrows terminating adorally in a small, but fairly conspicuous, projection
over peristome. Basicoronal plates rather large, interambulacral plates about twice
as high as ambulacral plates; basicoronal interambulacral plates somewhat variable
in relation to post-basicoronal plates, i.e., just barely in contact in contact in all areas
in some specimens, in others in contact only in areas 2 and 3; usually 3 post-basi-
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coronal plates in each interambulacral column on oral surface except in 2b and 3a,
which have 4 plates; usually 5 post-basicoronal ambulacral plates in each column on
oral surface except in IIb and Iila, which may have 6. Pedicellariae of any kinds
have two valves, in the living species, bidentate pedicellariae absence of any apophy-
ses, biphyllous type very small and of rather odd shape. Radioles on aboral side
widened terminal part. Pedicels without calcareous disc or ring, but each suck is.
strengthened by a pair of calcareous rods (spicules) (after MORTENSEN, 1948-c, and
DURHAM, 1955).

From the Miocene to Recent, northwestern Pacific region; Pliocene to Recent,
northeastern Pacific; and Recent, northwestern Atlantic.

This genus is characterized by the mode of trifurcating of the oral ambulacral
furrows, the central position of the apical system, the usually marginal position of
the periproct, and the well-formed petals, and by the arrangement of plates on the
oral surface. The arrangement of plates on the oral surface of test, as discussed
in detail by DurHAM (1955), shows variation in structure of morphological importance.
The distinct oral ambulacral furrows which trifurcate on the height of the 3rd (or
the distal end of second) post-basicoronal ambulacral plates in the median line, the
discontinuous arrangement of the interambulacral plates in some areas on the oral
surface, the central position of the apical system, the rather thick margin with the
marginal periproct, and the well-formed petals which composed of rather large num-
ber of plates of this genus are evidently more specialized than the indistinct and
simple oral ambulacral furrows, the continuous arrangement of the interambulacral
plates except the posterior area (5) on the oral surface, the anteriorly eccentric posi-
tion of the apical system, the thin margin with the supramarginal periproct, and the
flaring and rather ill-defined petals of Kewia. The morphological relation of the primi-
tive Kewia, the older geological age, to the specialized Echinarachnius, the younger
geological age, seems to be direct and continuous.

As for the specialization of the oral ambulacral furrows of the genus Echinarach-
nius, MORISHITA (1955, pp. 227-228) (he does not separate the genus into three genera
(or subgenera), viz., Kewia, Echinarachnius, and Scaphechinus, but included the various
forms into a single genus Echinarachnius), in discussing the morphological changes
of the genus in Japan through the epochs between the Oligocene and the Recent,
described as follows—* 3) Simple actinal ambulacral furrows of the early types changed
to the later complex ones. The furrows are undifferentiated of bifurcated only near
at the margin in the Oligocene and the Miocene species, while the bifurcation take
place near around the peristome and even rebifurcation in common in the later forms
after the Pliocene ”, with showing the changes of ambulacral furrows by diagrammatic
figures (MORISHITA, 1955, text-figs. 2a-2d on p. 227). His statement on this point, as
far as the morphological changes of the oral ambulacral furrows concerned with his
¢ Echinarachnius’, may agree, as a whole with the writer’s view on the features and
development of the furrows within the genera Kewia, Echinarachnius, and Scaphechinus,
with their geological occurrence. But, in regarding the developmentzﬁf the oral ambu-
lacral furrows only, the Echinarachnius-type of trifurcation has occurred contem-
poraneously (the Miocene epoch) in the genera Echinarachnius and Astrodapsis, as
described in the preceding page, and in Echinarachnius it persists to the Recent with
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slight modification. The Scaphechinus-type of bifurcation, which branching at the
height of distal part of the basicoronal ambulacral plates, also has occurred in the
genera Scaphechinus and Dendraster during the Pliocene (or upper Miocene) epoch,
and in the both genera it persists to the Recent. These genera are discriminated
from each other by the features of the oral ambulacral furrows together with other
several distinctive characters. The Scaphechinus-type of bifurcation of the furrows
was still existed in the older epoch than this group, €. g., the genus Scutella LAMARCK,
1816; the genus seems to have no genetic connexion with Echinarachnius (or Scaphe-
chinus). The feature of the furrows of Scutella, from the Upper Oligocene to Miocene
of Europe, so simulates that of Scaphechinus, the North Pacific form, particularly to
Scaph. mirabilis, that this species is regarded as a surviving species of the extinct
genus Scutella by STEFANINI (1912, p. 702) and LAMBERT and THIERY (1914, p. 319),
expressing as Scutella mirabilis (A. AGAssiz). In the form of petals, the marginal
periproct, and the arrangement of plates on the oral surface, Scaph. mirabilis may be
regarded as to represent a descendant of primitive Echinarachnius, not of Scutella.
Thus, the branching type of oral ambulacral furrows of this group, in simply regar-
ding it only itself, cannot be taken for a guide of the geological age. The morpho-
logical changes of oral ambulacral furrows of the genus Echinarachnius in Japan
given by MORISHITA (loc. cit.) must be assuming that the various forms included in
this genus were developed along many lines from a source (or a stem), and they are
closely related one another.

The genus Echinarachnius appears to have been greatly flourished in northwestern
Pacific region during the Tertiary, and there are at least seven fossil representatives
in Japan.

Echinarachnius microthyroides NisSiyAMa, 1940

Echinarachnius (Echinarachnius) microthyroides Nisiyama, 1940, p. 828, pl. 44, figs. 17-20,
text-fig. 11.—MOoRISHITA, 1950, p. 256.—MoRISHITA, 1953-a, p. 219, pl. 1, fig. 3(?).—MOoORI-
SHITA, 1955, p. 228, pl. 9, fig. 5.—DuRHAM, 1955, p. 164.—MoRIsHITA, 1960, p. 57.—Hasui-
moto and Ujng, 1965, p. 87, pls. 1-3.—Nisivama, 1965, p. 79.

Holotype.—IGPS-coll. cat. no. 7900.

Type-locality and geological horizon.—IGPS loc. no.—It-21.—A point of Nagamine,
Fukuoka-machi, Ninohe-gun, Iwate Prefecture (tm Ichinohe, Lat.40°15’N., Long. 140°
18’E.). Suenomatsuyama {Nagamine) formation, Upper Miocene or Lower Pliocene.

Since the writer (N1sIYAMA, 1940, p. 828) first decribed this species from the
Suenomatsuyama formation of Iwate Prefecture, it has been reported from the follow-
ing localities and geological horizons.

1. Mugurahara, Sendanno-mura, Higashi-Tonami-gun, Toyama Prefecture. Yo-
kawa group (Tsubono siltstone), Miocene (MORISHITA, 1950, p. 256).

2. Kawashita, Togakushi-mura, Kami-Minochi-gun, Nagano Prefecture. Shiga-
rami formation, Middle or Upper Miocene (MORISHITA, 1953-a, pp. 291-220, pl. 1, fig. 3).

3. Kamitsugu-mura, Kita-Shidara-gun, Aichi Prefecture. Formation unknown
(MORISHITA, 1955, p. 229).

4. Left side cliff of the Ury{igawa, east of Soeushinai, Horokanai-machi, Uryd
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County, Hokkaido. Wakkanai formation, Miocene (HasHiMOTO and UJIE, 1965, pp.
87-92).

MoRIsHITA (1960, p. 57) regarded the geological range of this species to be re-
stricted to the Upper Miocene, although he considered the Shigarami formation to be
Pliocene ; MORISHITA’S specimens from Shigarami formation are exceptional individuals
with larger and thinner test than that of the typical species.

The holotype measures 41 mm in longitudinal diameter of test; the marginal out-
line of test longitudinally subovate ; edge of test very thin; petaloid area rather small,
about 0.60 or less of longitudinal diameter; periproct small, rather elliptical than
circular, placed in a small notch at margin; oral ambulacral furrows rather distinct,
trifurcate at two-thirds of test-radius from the peristome on median area at the height
of the third (or distal end of second post-basicoronal) ambulacral plates; five or six
post-basicoronal ambulacral plates and three post-basicoronal interambulacral plates
to a column ; basicoronal interambulacral plates large, about twice as high as ambu-
lacral plates.

This species superficially resembles Kewia fairbanksi (ARNOLD, 1907) (Scutella
fairbanksi ARNOLD, 1907, p. 562, pl. 42, fig. 3, pl. 43, fig. 3.—CLARK and TWITCHELL,
1915, p. 184, pl. 85, figs. 4-6.—KEw, 1920, p. 66, pl. 11, figs. 2a-2c.—Echinarachnius
fairbanksi (ARNOLD) GRANT and HERTLEIN, 1938, p. 58, pl. 14, fig. 5), from the Tem-
blor formation (Miocene) of California, but is distinguished from that species by the
longitudinally elongated test, with the marginal periproct, and smaller petaloid area,
and by the mode of the oral ambulacral furrows. Also this species is separated from
Kewia elongata (NISIYAMA, 1940) (loc. cit.) by the larger test with the marginal peri-
proct, coronal plates of a large number, and trifurcating oral ambulacral furrows.

HasnimMoTO and Ujnf (1965, pp. 87-92) studied the statistical characters of this
species based upon seventy-eight individuals from the Wakkanai formation of Hok-
kaido. Their results obtained from that study are summarized as follows. This
species grew through its life without any significant modification of the general
outline of test, and also the constant relative growth of the petaloid area throughout
its life. In the arrangement of coronal plates on the oral surface, the discontinuous
condition of basicoronal interambulacral plate and first post-basicoronal interambulacral
plates in the posterior interambulacrum (5) is typical but with many different cases
present in other interambulacral areas. The scarcity of trifurcation of -the oral ambu-
lacral furrows in the specimens from Soeushinai suggests that they might be the
oldest representatives of this species. A specimen reported from the Shigarami for-
mation in Nagano Prefecture (MORISHITA, 1953-a, p. 219) has larger test and a much
thinner than the typical ones, and would be assigned to other species than to this
species.

Echinarachnius microthyroides seems to be a well-defined and rather invariable
species of the Japanese Miocene formations.

Echinarachnius subtumidus Ni1SIYAMA and HASHIMOTO, 1950

Echinarachnius subtumidus Nisiyama and HasHimoTo, 1950, p. 39, text-figs. 1-3 (on p. 40).—
DurnAM, 1955, p. 164.—MoORISHITA, 1955, p. 229.—MoRisHITA, 1960, p. 59.—Nisiyama, 1965,
p. 79.
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Holotype.—IGPS coll. cat. no. 73696.

Locality and geological horizon.—IGPS loc. no.—Te-10.—Road-side cutting along the
River Ponrurumoppe behind the Tdgeshita primary school about 1 kilometre west of
Tégeshita railroad station, Rumoe City, Teshio, Hokkaido (tm Ebishima, Lat. 43°51’N.,
Long. 141°47’52”E.). Togeshita formation, Miocene. HasHIMOTO, 1950, pp. 12, 15.

Test rather small, about 33 mm in longitudinal diameter, thick and stout, sub-
circular in outline; periproct rather large, elliptical in outline, rather supramarginal
in position; oral ambulacral furrows distinct, trifurcate on median area of the distal
end of second post-basicoronal ambulacral plates; there are five to six post-basicoronal
ambulacral plates and three interambulacral plates to a column.

This species is related to Ech. microthyroides (loc. cit.), but differs from that
species in having the much thicker test, larger petaloid area, and the different ar-
rangement of coronal plates on the oral surface. Ech. subtumidus also resembles Ech.
laganolithinus NISIYAMA, 1940, from the Shibikawa formation of Akita Prefecture,
but is distinguished from that species by the much thicker margin of the test, mode
of trifurcation of the oral ambulacral furrows, and by the arrangement of coronal
plates on the oral surface.

The features of aboral surface of the test and the arrangement of coronal plates
on the oral surface of this species suggest that it may be a form intermediate be-
tween Ech. microthyroides and Ech. lagnolithinus in the Japanese echinarachniids. It
is interesting fact that the stout and thick margin of the test is found in Scaphechinus
raritalis (NISIYAMA, 1951), from the granule conglomerate facies of the Taya formation
of Akita Prefecture, and this species calls Ech. subtumidus in the outline and stout-
ness of test, although the two species evidently differ in systematic position. This
species occurs associated with molluscs, viz., Callista hokkaidoensis (NOMURA), Mya
cuneiformis (BouM), Cryptomya busoensis YOKOYAMA?, and Olivella koishii NOMURA
{NoMURA, 1935, pp. 32-39.—HAsHIMOTO, 1950, p. 15).

Echinarachnius naganoensis MORISHITA, 1953

Echinarachnius naganoensis MORISHITA, 1953-a, p. 220, pl. 4, fig. 4, text-fig. 3a.—MORISHITA,
1955, p. 233, pl. 10, figs. 3-4.—MoORIsHITA, 1960, p. 58.—Nisivyama, 1965, p. 79.

There is no authentic specimen of this species at the writer’s disposal.

MORISHITA (1953-a, p. 222; 1955, p. 234) reported this species from following
localities and geological horizons.—

1. Eastern valley of Ichiba (Doro-sawa); southern valley of Ronji (the confluence
-of Higashi-sawa and Tsubone-sawa); western valley of the Huruma shrine (Shimizu-
tani); Naniai-mura, Kami-Minochi-gun, Nagano Prefecture (Lat. 36°40’N., Long. 138°
10’E., near Nagano City). Ogawa formation, Pliocene (or upper Miocene).

2. Southern valley of Sendo (Obayashi-no-sawa); left bank of the Dojiri River,
southwards of Tagoshi; right bank of the Dojiri River, southwards of Ichinose; left
bank of the Dojiri River, south of Ikari; Sakai-mura, Kami-Minochi-gun, Nagano
Prefecture (Lat. 36°40'N., Long. 138°1(0/E., near Nagano City). Ogawa formation,
Pliocene (or upper Miocene).

3. Northeastern part of Shin-machi (east of Chibarada), Minochi-mura, Kami-
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Minochi-gun, Nagano Prefecture (Lat. 36°40'N., Long. 138°10’E., near Nagano City).

4. Mizuhara-mura, Naka-Kubiki-gun, Niigata Prefecture (Lat. 36°40’N., Long.
138°05’E., near Takada City). Shiiya formation, Pliocene (or upper Miocene).

In this species the features of the oral ambulacral furrows and the arrangement
of coronal plates on the oral surface are not known, but the periproct seems to be
supramarginal. The large petaloid area, about 0.8 of test-diameter, and the form of
petals seem to be very similar to those of Ech. parma obesus H.L. CLARK, 1914, as
in comparison the figure of this species (MORISHITA, 1955, fig. 3 on pl. 10) with the
figure of that species (MORISHITA, 1955, fig. 2 on pl. 11) it is easily recognizable,
although the petaloid area of this species is more or less larger than that of latter
species (or subspecies). The internal radiating partition walls, which is not mentioned
by MORISHITA, of this species, as observed from the figure given by MORISHITA
(1953-a, fig. 3 on pl. 1), are stouter and heavier and having smaller development of
supplementary buttresses than those of Ech. parma (DURHAM, 1949, fig. 8 on pl. 1).
This internal feature of this species makes a distinct separation of it from FEch. parma
or Ech. parma obesus.

Echinarachnius humilis NISIYAMA, n. Sp.
(PL. 16, fig. 8)

Holotype.—IGPS coll. cat. no. 73775.

Locality and geological horizon.—IGPS loc. no.—AK-52.—A small cliff of creek
about 500 metres north of bridge at Inari, Taihei-mura, Minami-Akita-gun, Akita
Prefecture (tm Akita, Lat. 39°44’N., Long. 140°13’307E.). Chdkai formation, Pliocene.
Collected by the writer, 1942.

There are one well preserved and several fragmentary specimens of this new
species at the writer’s disposal.

Test large, 74 mm in longitudinal diameter, 81l mm in transverse one, and 5mm
in height; marginal outline of test not regularly rounded, undulating, broadly notched
in ambulacra ; transverse diameter decidedly larger than the longitudinal, the greatest
breadth lies posterior to centre of test. Aboral surface depressed and rising gently
from very thin and nearly flat submarginal area to the apex, which is eccentric in
front lying in the frontal ambulacrum (III) and just anterior to the apical system.
Apical system rather small, 4 mm wide and 3 mm long, situated at 35mm from the
anterior margin, eccentric in front, with small genital pores.

Petaloid area small, about 0.5 of test-length; petals narrow, slightly elevated and
subequal. Frontal petal (III), 20mm long and 8 mm wide, slightly wider than the
others, broadly open at its extremity; poriferous zones (having about 60 pore-pairs)
1mm in width; interporiferous zone 6 mm in width; inner series of pores at first
diverge, then slightly converge and diverge again; outer series more divergent from
beginning of the petal, converge to some degree at half way to length of petal and
since continue almost to the inner series. Antero-lateral petals (Il and IV) 19 mm
long and 7mm wide; poriferous and interporiferous zones similar to those of the
frontal. Postero-lateral petals (I and V) 18 mm long and 7 mm wide; similar to the
antero-lateral petals in form.
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Oral surface evidently concave orally, and greatly sunken at region of the peris-
tome. Peristome central, nearly circular in outline, 3mm in diameter. Periproct oval
in outline, small in size, and situated in a notch at the posterior margin. Arrange-
ment of coronal plates on the oral surface likes that of Ech. laganolithinus (NISIYAMA,
1940, text-fig. 12 on p. 831). Oral ambulacral furrows rather broad and distinct, main
branches given off at distal end of first post-basicoronal ambulacral plates in medial
area. Tuberculation very fine; glassy knobs occurring between tubercles on oral
surface usually small.

This new species superficially resembles Kewia fairbanksi (ARNOLD, 1907) (loc. cit.),
from the Temblor formatien (Miocene) of southern California in outline of test and
form of petals, but is easily distinguished from that species by the larger and thinner
test, mode of trifurcation of the oral ambulacral furrows, and the orally concaved oral
surface. Ech. humilis also related to Ech. laganolithinus, from the Shibikawa forma-
tion of Oga Peninsula, Akita Prefecture, but is distinguished from that species by
the broader and thinner test, mode of trifurcation of the oral ambulacral furrows,
the eccentric in front of the apical system, and by the narrower and shorter petals.
This species differs from Ech. naganoensis in having the broader and thinner test
.and the smaller petaloid area.

Echinarachnius ishioi MORISHITA, 1950

Echinarachnius ishioi MoRISHITA, 1930, p. 257, text-{igs. 2a-b (in Japanese).—-MORISHITA, 1955,
p. 233, pl. 10, fig. 6.—MoRisHITA, 1960, p. 57.—Nisiyama, 1965, p. 89.

There is no authentic specimen of this species at the writer’s disposal.

Locality and geological horizon (after MORISHITA).—Tagawa, Konade-mura, Nishi-
“Tonami-gun, Toyama Prefecture (Lat. 36°40’N., Long. 136°50’E., near Takaoka City).
‘Tagawa formation, Pliocene.

This species is characterized, according to MORISHITA (1955, p. 233), by having
the elevated test, widely opened petals and inframarginal periproct; it has coarse
tuberculation on the aboral surface.

Although the mode of the oral ambulacral furrows and the arrangement of coronal
plates on the oral surface of this species are not accessible to the writer, this species
seems to be related Ech. parma obesus, in the general features. But, it may be sep-
arated from that species (or subspecies) in the more or less raised interporiferous
zones, the broader poriferous zones of the petals, and in the larger and coarser tuber-
-culation on the aboral surface (MORISHITA, 1955, fig. 6 on pl. 10).

Echinarachnius rumoensis HAYASAKA and SHIBATA, 1952

Echinachnius rumoensis HAyAsaka and SHIBATA, 1952, p. 82, text-figs. la-c.—-MoORISHITA, 1955,
p. 229.—MorisHITA, 1960, p. 58. —Nisivama, 1965, p. 79.

Locality and geological horizon.—IGPS loc. no.—Te-10.—Road-side cutting along the
River Ponrurumoppe behind the Tdgeshita primary school about 1 kilometre west of
“Tégashita railroad station, Rumoe City, Teshio, Hokkaido (tm Ebishima, Lat. 43°51’N.,
Long. 141°37/527E.). Togeshita formation, Miocene.
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No specimens of this species have been available for study. The original descrip--
tion of this species given by two authors (HAYASAKA and SHIBATA, 1952, p. 82) is
excellent and precise and the remarks on the species seem to be very adequate in
consideration of its affinities and distinction. Ech. rumoensis seems to be a quite
distinct species from Ech. subtumidus, and the occurrence of different species of the
same genus together with in same locality is not rather rare case in the echinoid
assemblage, the writer met with the similar case in fossils as well as in the living
species.

The oral ambulacral furrows of Ech. rumcensis trifurcate, the main stem and
simple two side branches, at the proximal part of the second (the first post-basi-
coronal) ambulacral plates, according to the figure given by the two authors (text-fig.
1b on p. 83), notwithstanding of their description that they trifurcate at the distal
end of the basicoronal ambulacral plates. In the postero-lateral ambulacra (I and V),
and in the other ambulacral areas (II, III and IV) they trifurcate at the height of the
middle part of the second (or the first post-basicoronal) ambulacral plates. This mode
of trifurcation of the furrows is similar in the main to the Echinarachnius-type of
trifurcation, and the main stem continues to near the edge beyond the trifurcating point ;
the trifurcating point, however, in the typical Echinarachnius being at the height of
the 3rd (or second post-basicoronal) ambulacral plates, while in this species it is much
nearer to the peristome, at least at the middle part of the second ambulacral plates.
This trifurcating type of this species differs from the bifurcating type of Scaphechinus;
in the latter type the oral ambulacral furrows bifurcate at the exactly distal end of
basicoronal ambulacral plates, and the side branches run as more or less curved
grooves not rather straight as in the Echinarachnius-type. The mode of trifurcation
of the furrows of this species is also similar to that of Scutellaster (text-fig. 35 [107)
in the trifurcating point lies on the height of the first post-basicoronal ambulacral
plates, but differs in no having any of smaller side-branches distally.

If the Echinarachnius-type of trifurcation of the oral ambulacral furrows were
less specialized stage than the Scaphechinus-type of bifurcation in the development
of the furrows among the North Pacific echinarachniid echinoids, as described in the
preceding pages, the mode of trifurcation in Ech. rumoensis would be stand an inter-
mediate stage between the Echinarachnius-type of trifurcation and the Scaphechinus-
type of bifurcation, but it still holds the trifurcation of the Echinarachnius-type.

It is very interesting to find that the trifurcating point of the furrows in FEch.
rumoensis more or less differs on the first post-basicoronal ambulacral plates in the
different areas of the same individual. In the postero-lateral areas (I and V) it on
the proximal part, and in the frontal area (III) rather on the distal part; that is to
say, the trifurcation of the furrows in the postero-lateral areas is the most progressed,
that in the antero-lateral areas is an intermediate, being on the middle part of the
plates, and that in the frontal area is the least progressed stage, as in the case of
that of Scutellaster (DURHAM, 1949, p. 55). This different degrees of development of
the furrows in one individual seem to coincide with those of the arran<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>