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I. INTRODUCTION AND GENERAL REVIEW

INTRODUCTION

The seas bordering Japan and the adjacent regions are diversified in biogeochemi-
cal conditions and the marine faunas therein, and have been known to zoologists for
the rich yield of Echinoids and other marine invertebrates. The collections made by
various surveying ships have given the evidence that the Japanese seas, particularly
the Sagami Sea and the adjacent areas, are the richest in Echinoids in the world
(and apparently also in the other classes of Echinoderms), as were the European seas
in the Jurassic and Cretaceous periods, and the Timor Sea in the western part of
Arafura Sea in the Permian Period, and that they may be called “The Treasure
Islands of Echinoderms”.

The Echinoidea comprise a class of exclusively marine animals that are generally
considered to have as vigorously flourished through the past geological ages down to
the present time. Of the larger marine invertebrate fossils in Japan and the adjacent
regions, the Echinoidea are ranked as a whole next to the Mollusca (the Pelecypoda,
Gastropoda, and Cephalopoda) in scientific importance and stratigraphical significance.
The paleontological importance of the Echinoids rests upon their rather frequent
occurrence as fossils, especially aggregated in rather limited places and horizons, and
their complex morphology, which permits a fine discrimination of species and genera
that are believed to have relatively short geological ranges. Thus they seem to prove
to be valuable guides in stratigraphy, indicating definite geological ages, exhibiting
weighty evidence for correlation of geological formations; and they manifest valuable
data of evolution, as they have recorded many and diversified evolutionary changes.
Owing to their relatively sedentary habits, their aversion to fresh water, the brevity
of a free-swimming larval life, and the usually small bathymetrical range, the Echinoids
provide remains that are remarkably suitable as bases for studying paleoecological
and paleogeographical conditions through geological times. From another point of
view, the Echinoids are especially interesting to zoologists (neontologists); as (1)
materials for anatomical and embryological studies of the Recent species and genera
that throw much light on those of the past, as (2) the materials to study the morpho-
genesis of the coronal plates, including the ambulacra which are excellent examples
of morphogenetic sequences; (3) besides, morphologically they are the most complex
encountered in invertebrates; and (4) embryologically the material provides, in the
research, data to work out some problems in general zoology.

In the present article the writer intends to deal with almost all known Echinoids
hitherto reported from the Japan and the adjacent regions. The present work is not
complete because certain species and genera hitherto reported from these regions
have been unfortunately inaccessible to the writer for study. However, the knowledge
on the Echinoid fauna from these regions to date is exhaustively summarized in the
present work ; and it is hoped that future workers would throw additional light by
future discoveries of undescribed material and contribute to the progress of our
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knowledge by detailed studies along various lines. The writer has also given an
almost equal space for the genera and species that are as yet not recognized in the
fossil state in these regions, because there is a great probability that many Recent
Echinoids of Japan and the adjacent regions might have their direct ancestors in the
paleontological horizons of these same regions, or more or less remoted areas, and
may be actually discovered by future collectors. There is no sharp taxonomical line
between the Recent and fossil forms, a fact sometimes not fully considered by modern
authors on neontology.

The purpose of the present work are, (1) to review (and sometimes to revise) the
generic and other systematic nomenclature of the Echinoidea, (2) to make available
a convenient catalogue of the known genera and species of the Echinoids from Japan
and the adjacent regions, (3) to record some new forms, and (4) to redescribe by the
new and more excellently preserved specimens the hitherto ill-defined or inaccurately
described species.

The scope of the present work is to summarize our previous knowledge along
all lines of research concerning the Echinoid fauna from Japan and the adjacent
regions. It is also intended to give some remarks on morphological features which
have hitherto been given but little attention, and to discuss the classification proposed
in the present article. Discussions on some evolutionary trends and changes, periods
of flourishing and of the maximum development, geographical-bathymetrical and geo-
logical distributions are also dealt. with. Biostratigraphical and geological significance
of the Echinoid fossil fauna from the present regions are touched upon with some
remarks on the paleoecology and geology of their occurrences. And finally, as only
to the descriptions of the forms concerned; but not as of a monographic style, on the
Echinoid fauna from Japan and the adjacent regions, the present article is devoted.
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For suggestions, advices, informations, valuable discussions which have enabled
the writer to bring the present work up to date, the writer takes pleasure in record-
ing his appreciation to the following; the late Dr. Shinji YAMANE, geologist and the
former President of the Shimane University, Dr. Kenji YAMAGUCHI, former Professor
of the University, Dr. Jun’ich KiTAHARA, Mr. Kanae YOKoYAMA, and Dr. Hideo Mil
of the Geological Section of the University, Dr. Yasuo SAsA and Dr. Masao MINATO,
Professors of the Hokkaido University, Dr. Haruo OKUTSU, Professor of the Tohoku
University, Dr. Isao MOTOMURA and Dr. Mutsuo KATO, Professors of Zoology at
Tohoku University, Dr. Ryuji ENDO, paleontologist and the former President of the
Saitama University, Dr. Teiichi KoBAYASHI, Professor Emeritus of the Tokyo Uni-
versity, Dr. Fuyuji TAKAI and Dr. Tetsuro HANAI of the Tokyo University, Dr.
Hiroshi NiINO, Professor of the Tokyo Fishery University, Dr Hiroshi OzAKI of the
National Science Museum, Tokyo, Dr. Wataru HASHIMOTO, Professor of the Tokyo
Kyoiku Daigaku, Dr. Keisaku TANAKA of the Geological Survey of Japan, Dr. Masa-
hiro OKUBO of the Tokyo University, Dr. Akira MORISHITA of the Nagoya University,
Dr. Shiro KawAGucHI, Professor of Zoology at Okayama University, Dr. Seido ENDO,
paleontologist and the former Dean of the Kumamoto University, Dr. Tatsuro MATSU-
MOTO, Professor of the Kyushu University, Dr. R.C. MOORE of the Kansas University,
Dr. Hiroshi OHSHIMA, former Professor of Zoology at Kyushu University, Dr. Hiko-
shichiro MATsuMoOTO, former Professor of Paleontology at Tohoku University, and
Dr. H. B. FELL of the Victoria University. To the following gentlemen who died during
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AoKI, former Professors of the Tohoku University. Special thanks are due to Dr.
Huzio UtiNoMI and Dr. Takashi TOKIOKA of the Seto Marine Biological Laboratory,
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but not the least the writer is deeply indebted to Dr. Ichiro HAYASAKA, paleontologist



4 S. NisryaMa

and the former President of the Shimane University, for his supervision in this study,
and the trouble taken for carefully reading the manuscripts.

Deep appreciation is also due to the Ministry of Education of the Japanese
‘Government for providing funds necessary for field work. Particular thanks are due
to the Mainichi Science Promotion Funds, the Palaeontological Society of Japan, for
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A BRIEF REVIEW ON THE SYSTEMATIC ARRANGEMENT
OF THE ECHINOIDEA

In regard to the systematic arrangement of the Echinoidea, important studies
have been done during the past one and half centuries by the following workers,
namely, GRAY (1825-55), L. AGAssiz (1836-42), DESOR (1855-58), A. AGASSIz (1863-1904),
COTTEAU (1865-1889), POMEL (1869-1883), LOVEN (1867-1892), DuNcAN (1832-1889), and
GREGORY (1892-1900). Among the monographic works together with the systematic
arrangement of the genera and species made by various authors, the following ones
are accounted for their importance, namely, D’ORBIGNY (1853-55), WRIGHT (1857-92),
COTTEAU (1861-89), and A. Acgassiz (1872-74, 1881). MEISSNER (1904) fully reviewed
the outline of systematic arrangement of the Echinoidea hitherto published until then,
up to the end of the ninteenth century, and he also proposed a more or less revised
-arrangement.

Up to the present time, after the publication of MEISSNER’s paper (1904), the more
important works have been established by many authors. LAMBERT and THIERY in
their “ Essai de nomenclature, (1909-1925)” enumerating a large number of species and
genera, almost all of the known species at that time, and they arranged the Echinoidea
-of both Recent and fossil forms, as follows (only the ranks higher than taxa of the
family-group cited).

LAMBERT and THIERY (1909-1925)

Sous-Classe : Gnathostomata PoMEL
Ordre: Plagiocysta LAMBERT
Sous-Ordre: Cystocidaroida ZITTEL
Famille: Palaeodiscidae GREGORY, 1897
Famille: Echinocystidae GREGORY, 1897
Ordre: Endocysta LAMBERT
Section: Homalostomata LAMBERT & THIERY
Sous-Ordre: Bothriocidaroida ZITTEL
Famille: Bothriocidaridae ScumipT, 1874
Sous-Ordre: Perischoechinoida M’Coy
Famille: Melonechinidae LAMBERT, 1900
Sous-Famille: Palaechinidae M’Covy, 1849
Sous-Famille: Melechidae LaAMBERT, 1900
Famille: Lepidocentridae LovEn, 1874
Sous-Famille: Rhoechinidae LAMBERT & THIERY, 1910
Sous-Famille: Lepidesthidae LovEN, 1897
Famille: Archaeocidaridae M’Coy 1844
Sous-Ordre: Cidaroida DuNcaAN
Famille: Cidaridae Gray, 1825
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Sous-Famille: Streptocidaridae LamBERT, 1900

Sous-Famille: Stereocidaridae LAMBERT, 1900
Tribu: Rhabdocidarinae LAMBERT, 1900
Tribu: Leiocidarinae LAMBERT, 1900

Sous-Famille: Tetracidaridae LAMBERT, 1900

Section: Glyphostomata PoMEL
Sous-Ordre: Streptosomata DUNCAN
Famille: Echinothuridae W. THomsoN, 1874
Sous-Ordre: Stereostomata DUNCAN
Famille: Phymatresidae LaAMBERT, 1900
Sous-Famille: Diadematidae GrAy, 1825
Tribu: Astropyginae LAMBERT, 1900
Tribu: Aspidodiademinae DuncaN, 1889
Sous-Famille: Tiaridae LAMBERT, 1900
Tribu: Eosaleninae LAMBERT & THIERY, 1911
Tribu: Hemicidarinae WricHT, 1857
Tribu: Pseudosaleninae LAMBERT, 1900
Tribu: Pseudodiademinae LAMBERT, 1900
Tribu: Glyphocyphinae Duncan, 1889
Sous-Famille: Pedinidae LaMBeRrT, 1900
Tribu: Orthopsinae DuncaN, 1889
Tribu: Orthocidarinae LAMBERT & THIERY, 1911
Tribu: Climaeodinae LAMBERT, 1900
Famille: Olophymidae LAMBERT & THIERY, 1911
Sous-Famille: Salenidae HaiMmE, 1849
Sous-Famille: Phymosomidae LaMBERT, 1900
Tribu: Salmacinae LAMBERT, 1900
Tribu: Coptosominae LamBERT, 1900
Sous-Famille: Echinometridae GrRAY, 1855
Division: Orthoporidae LAMBERT, 1900
Tribu: Prototiarinae LAMBERT, 1900
Tribu: Cotteaudinae LAMBERT, 1900
Tribu: Temnechinae LaAMBERT, 1900
"Division: Oligoporidae LAMBERT, 1900
Tribu: Mespilinae LAMBERT & THIERY, 1911
Tribu: Triplechinae A. Acassiz, 1872
Tribu: Noetlingasterinae LAMBERT, 1906
Tribu: Schizechinae LAMBERT, 1900
Division: Polyporidae Duncax, 1889
Tribu: Sphaerechinae LAMBERT, 1900
Tribu: Trochalosominae BATHER, 1898
Tribu: Holopneustinae LAMBERT & THIERY, 1914
Tribu: Heliocidarinae LAMBERT, 1900
Tribu: Ellipsechininae LAMBERT & THIERY, 1914
Famille: Habrocidaridae LAMBERT & THIERY, 1914
Sous-Famille: Tiarechinidae GREGORY, 1897
Tribu: Tiarechinae LAMBERT & THIERY, 1914
Tribu: Lysechinae GREGORY, 1897
Sous-Famille: Arbacidae GrAY, 1855
Tribu: Glypticinae LAMBERT & THIERY, 1914
Tribu: Acropeltinae LAMBERT & THIERY, 1914
Tribu: Eucosmechinae LAMBERT & THiEry, 1914

Qrdre: Exocysta LAMBERT
Sous-Ordre: Pileatoida LAMBERT



S. NisiyAMA

Famille: Pygasteridae LAMBERT, 1900
Sous-Famille: Holectypidae LAMBERT, 1900
Sous-Famille: Discoidesidae LAMBERT, 1900

Famille: Conulusidae LAMBERT, 1911

Famille: Conoclypeidae ZiTTEL, 1879

Sous-Ordre: Clypeastroida AGAssiz

Famille: Eoscutidae LAMBERT, 1900
Sous-Famille: Echinocyamidae LAMBERT, 1900
Sous-Famille: Fibularidae Gray, 1855

Tribu: Lenitinae LAMBERT, 1914
Tribu: Sismondinae LAMBERT, 1914

Famille: Clypeasteridae HaiME, 1849

Famille: Scutellidae GrAy, 1855
Sous-Famille: Laganidae Duncan, 1889

Tribu: Echinodiscinae LAMBERT, 1914
Tribu: Rumphinae LAMBERT, 1914
Sous-Famille: Echinarachnidae LaAMBERT, 1914
Sous-Famille: Dendrasteridae LAMBERT, 1900
Tribu: Phelsumasterinae LAMBERT & THIERY, 1914
Tribu: Rotulinae GrAY, 1855
Tribu: Monophorinae LAHILLE, 1896

Sous-Classe: Atelostomata PoMEL
Ordre: Brachygnata LAMBERT
Sous-Ordre: Globatoroida LAMBERT
Famille: Echinoneidae Acassiz, 1847
Sous-Famille: Desorellidae LAMBERT, 1911
Tribu: Menopyginae LAMBERT, 1911
Tribu: Globatorinae LAMBERT, 1911
Tribu: Echinogalerinae LAMBERT, 1915
Sous-Famille: Echinoconidae WRiGHT, 1856
Ordre: Nodostomata LAMBERT
Sous-Ordre: Procassiduloida LAMBERT
Famille: Galeropygidae LAMBERT, 1911
Famille: Echinobrissidae WRIGHT, 1856
Sous-Famille: Pygaulidae LAMBERT, 1905
Sous-Famille: Nucleolidae LAMBERT, 1905
Tribu: Clypeinae LAMBERT, 1898
Tribu: Catopyginae LAMBERT, 1898
Tribu: Mepygurinae LAMBERT & THIERY, 1918
Sous-Famille: Archiacidae CoTTEAU, 1869
Sous-Famille: Echinolampadidae BERNARD, 1895
Tribu: Rhynchopyginae LAMBERT, 1918
Tribu: Echinanthinae LAMBERT, 1895
Tribu: Faujasinae LAMBERT, 1905
Tribu: Plesiolampinae LAMBERT, 1905
Famille: Neolampadidae LAMBERT, 1918
Famille: Collyritidae p’ORBIGNY, 1853
Sous-Famille: Pygorhytidae LAMBERT, 1909
Sous-Famille: Disasteridae LAMBERT, 1909
Sous-Ordre: Spatangoida AGAssiz
Famille: Ananchitidae A. Gras, 1848
Sous-Famille: Holasteridae LAMBERT, 1917
Tribu: Cardiasterinae LAMBERT, 1917
Tribu: Offasterinae LAMBERT & THIERY, 1924
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Tribu: Hemipneustinae LAMBERT, 1917
Tribu: Echinocorinae LAMBERT, 1917
Sous-Famille: Urechinidae LAMBERT, 1917

Famille: Pourtalesidae W. THoMsoN, 1877
Famille: Aeropsidae LAMBERT, 1896
Sous-Famille: Stenonasteridae LAMBERT, 1922
Sous-Famille: Ovulasteridae LAMBERT, 1896
Tribu: Corasterinae LAMBERT & THIERY, 1924
Tribu: Neopneustinae LAMBERT, 1896
Tribu: Palaeotropinae LAMBERT, 1896
Famille: Prospatangidae LAMBERT, 1905
Sous-Famille: Toxasteridae LAMBERT, 1920
Sous-Famille: Asterostomidac PoMmEL, 1883
Tribu: Antillasterinae LAMBERT, 1924
Tribu: Megapneustinae FourTAu, 1905
Tribu: Enichasterinae LAMBERT, 1920
Sous-Famille: Lovenidae LAMBERT, 1905
Tribu: Brissoidesinae LAMBERT, 1920
Tribu: Maretinae LAMBERT, 1605
Tribu: Breyninae LaAMBERT, 1805
Famille: Brissidae CorTEAU, 1885
Sous-Famille: Palaeostomidae LoVvEN, 1867
Sous-Famille: Plesiasteridae LAMBERT, 1920
Tribu: Micrasterinae LAMBERT, 1920
Tribu: Brissopsinae LAMBERT, 1905
Tribu: Macropneustinae LAMBERT, 1895
Sous-Famille: Periasteridae LAMBERT, 1920
Tribu: Hemiasterinae LAMBERT, 1920
Tribu: Pericosminae LAMBERT, 1905
Tribu: Prenasterinae LAMBERT, 1905
Tribu: Schizasterinae LAMBERT, 1905

This systematic arrangement has been followed by various authors, especially by
paleontologists on the fossil Echinoidea. Their classifactory scheme is evidently
practical, as shown in the subclasses Gnathostomata (with dental apparatus in the
adult, including Clypeastroida) and Atelostomata (without dental apparatus in the
adult, including Echinoneus and its allies); however, this distinction by the presence
and absence of dental apparatus is against the natural affinities. Their order Plagio-
cysta (comprising Palaeodiscus and Echinocystites) owing to supposed eccentric position
of the periproct, was eliminated through the fine research of HAWKINS and HAMPTON
(1927, pp. 574-603, 7 text-figs., pls. 44-46), and there is no reason for excluding them
from the group of the Echinocystitoids (Lepidocentroids).

Also a practical purpose on the classifactory scheme of the so-called Regular
Echinoidea by LAMBERT and THIERY was founded on the crenulation or non-crenulation
of the tubercles. They distinguish the oligoporous and the polyporous forms of the
Regular Echinoidea, the “ Triplechinidae A. AGAssiz” and ‘““ Echinometridae GRAY ”,
which have been considered to play an important role in Echinoid classification of
the previous authors, such as A. AGASSIZ, DUNCAN, and GREGORY ; but it is unnatural
to the systematic arrangement of the Echinoidea. In their “Subfamily” Phymoso-
midae (p. 213) LAMBERT and THIERY distinguish the two “ Tribus” Salmacinae (p.
213) with oligoporous ambulacra, and Coptosominae (p. 218) with polypcruos ambulacra.
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The latter tribus correctly comprises all the true polyporous Phymosomatids, but
further includes the genus Glyptocyphus POMEL also, which is apparently a camarodont,
thus this being placed together in the same family with Echinocyphus COTTEAU. In
the former tribus they include all the Temnopleurids together with Thylechinus POMEL,.
Pleurodiadema LORIOL, and Leptechinus GAUTHIER of the Phymosomatids. This is
due to the fact that they paid no attention to the character of the ambulacral struc-
tures, but based their classification mainly on the character of the tubercles. This is
very easy, but goes decidedly against the natural affinities. It is unfortunate that
we do not know the lantern structure in any of the more primitive Phymosomatids,
but the character of the ambulacra is here very obviously diadematid structure,.
whereas it is as clearly echinoid in the Temnopleurids. To class them together is an
evidently error, the Salmacinae belonging to the Camarodonta (Echinoida), and the
Coptosominae to the Stirodonta (Arbacioida). Also Echinostrephus molare (BLAINVILLE)
with trigeminate ambulacra (oligoporous) they made the type of a separate genus,
Rhaphidechinus (p. 241) of the Oligoporidae, and Echinostrephus, restricted to comprise
only the quadrigeminate (polyporous) species aciculatum A. AGASSIZ (p. 254), being
referred to the Polyporidae. The two species are very closely related to each other,.
except in the number of pore-pairs in an ambulacral plate.

On the systematic arrangement of the so-called Irregular Echinoidea, LAMBERT
and THIERY’s classifactory scheme is too much in detail: they laid too great stress.
on the minute differences in the ambulacral and other structures. And at the same
time they changed a number of the old familiar names (e. g., Echinarachinus used for
Arachnoides for instance), the result being a great confusion. In the classification
adopted by LAMBERT and THIERY their Lovenidae (p. 447) as one of the amphisternous.
Spatangoids) comprise a great number of genera among which are, besides Breynia
DEsOR and Lovenia DESOR, e.g., also Prospatangus LAMBERT (Spatangus of authors),
Gaultieria DESOR, Cionobrissus A. AGASSIZ, Maretia GRAY, and Brissoides KLEIN
(Eupatagus of authors), divided in the tribus Brissoidesinae (p. 447), Maretinae (p. 456),.
and Breyninae (p. 446), which together form a subfamily Lovenidae of their family
Prospatangidae (p. 435).

JACKSON set forth in his monumental work “ Phylogeny of the Echini, 1912” and
“ Echinoidea, in EASTMAN-ZITTEL, 1913” a new classifactory scheme, especially to
devote to the systematic arrangement of the so-called Regular Echinoidea based on
their dental apparatus. His systematic arrangement of the Echinoidea is as follows
(the ranks higher than taxa of the family-group cited).

JacksoN (1912-1913)

Order 1: Bothriocidaroida DUNCAN
Family 1: Bothriocidaridae KLEMING

Order 2: Cidaroida DUNCAN
Family 1: Cidaridae GrAY

Order 3: Centrechinoida JAacksox

Suborder A: Aulodonta JAacksoN

Family 1: Hemicidaridae WRIGHT
Family 2: Aspidodiadematidae DUNCAN
Family 3: Centrechinidae JacksoN (=Diadematidae PETERS)
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Family 4: Echinothuridae W. THoMsoON
Suborder B: Stirodonta JAacksoN
Family 1: Saleniidae DEsor
Family 2: Phymosomatidae MEISSNER
Family 3: Stomopneustidae MORTENSEN
Family 4: Arbaciidae GrRAY
Suborder C: Camarodonta JACKSON
Family 1: Echinidae Acassiz
Family 2: Temnopleuridae DEsSor
Family 3: Strongylocentrotidae GREGORY
Family 4: Echinometridae GRAY

Order 4: Exocycloida JACKsON
Suborder A: Holectypina GREGORY
Family 1: Discoidiidae GREGORY
Family 2: Pygasteridae GREGORY
Suborder B: Clypeasterina GREGORY
Family 1: Clypeasteridae Acassiz
Family 2: Fibulariidae GrRAY
Family 3: Scutellidae Acassiz
Suborder C: Spatangina JACKSON
Tribe A: Cassiduloidea DuncaN
Family 1: Echinoneidae WRIGHT
Subfamily A: Echinoneinae DEsoRr
Subfamily B: Echinobrissinae Duncax
Family 2: Cassidulidae Acassiz
Family 3: Collyritidae p’OrRBIGNY
Tribe B: Spatangoidea DuNcAN
Family 4: Ananchytidae DESOR
Family 5: Spatangidae WRIGHT
Section A: Adetes GREGORY
Section B: Prymnadetes GREGORY
Section C: Prymnodesmia GREGORY
Section D: Apetala GREGORY
Family 6: Palaeostomatidae MORTENSEN
Family 7: Pourtalesiidae LovEn
Order 5: Plesiocidaroida DuNncan
Family 1: Tiarechininae ZITTEL

Order 6: Echinocystoida JAcKksoN
Family 1: Palaeodiscidae GREGORY
Family 2: Echinocystidae GREGORY

Order 7: Perischoechinoida M’Coy
Family 1: Archaeocidaridae M’Coy
Family 2: Lepidocidaridae LovEn
Family 3: Palaechinidae M’Coy
Family 4: Lepidesthidae JacksonN
JAacksoN divided the order Centrechinoida JACKSON (=Diadematoida of DUNCAN)
into three suborders; the first suborder Aulodonta JACKSON, which are characterized
by the teeth being grooved or unkeeled, the epiphyses narrow and not joining above
the teeth. In this suborder he included the four families, namely, the Hemicidaridae
WRIGHT, Aspidodiadematidae DUNCAN, Centrechinidae JACKSON, and Echinothuridae
W. THOMSON. The first family of these have proved that they really stirodont teeth
(MORTENSEN, 1935, pp. 391, 396) and the allied forms, Pseudodiadematidae POMEL,.
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also have stirodont teeth (MORTENSEN, 1935, p. 423). It is thus established beyond
any doubt that the Hemicidarids and Pseudodiadematids must be excluded from the
Aulodonta, and have no nearer relation to Diadema and the Diadematids, but they
must belong to the order Stirodonta (Arbacioida). The fourth family, the Echino-
thuridae W. THOMSON, have similar aulodont teeth as in Diadema, and by reason of
-only the character of teeth, JACKSON considers that they must belong to the Aulodonta.
But the imbrication of the plates in this family, the compound amblacral plates, the
numerous peristomial ambulacral plates, the inner anatomy, and the STEWART’S organs
-of the Echinothuriids, show the affinity is decidedly more close with the Pedinids than
with the Diadematids, and the family of Echinothuriids must be excluded from the
Aulodonta. The aulodont teeth, in the broad sense, actually exist in the Aulodonta
(Diadematoids), Lepidocentroids (Echinocystitoids), Cidaroids. Echinothuriids, and per-
haps in the Melonechinoids (Palaechinoids), and thus the character of teeth alone
cannot decide the taxonomic position of their bearers. The second suborder, the
Stirodonta, are characterized by the teeth being keeled or not grooved, and the
epiphyses of lantern being narrow and not joining above the teeth. JACKSON, com-
prising four families in this suborder, namely, the Saleniidae DESOR, Phymosomatidae
MEISSNER, Stomopneustidae MORTENSEN, and Arbaciidae GRAY, concludes that these
families together form rather a natural group. The third suborder, the Camarodonta,
named by JACKSON, are characterized by the fact that teeth are keeled and the
epiphyses of lantern are large and join above the teeth so as to form a closed foramen.
This character of the camarodont teeth is an unique feature in the Echinoid morpho-
logy, and forms a more or less distinct and natural group; JACKSON included the four
families in this suborder, namely, the Echinidae AGASSiz, Temnopleuridae DESOR,
Strongylocentrotidae GREGORY, and Echinometridae GRAY.

As to the classifactory scheme of the so-called Irregular Echinoidea, JACKSON is
only slightly concerned, except that he gave a new order name Exocycloida for all
these Irregular Echinoidea, and also a new suborder name Spatangina for Cassiduloids
and Spatangoids.

On account of an interesting sea-urchin, Tiarechinus NEUMAYR of the Triassic,
JACKSON, followed DUNCAN (1889) and GREGORY (1900), to place it in a special order,
the Plesiocidaroida DUNCAN; it is, however, an aberrant and primitive form of the
Stirodonta (Arbacioida).

JACKSON made a great contribution to the systematic arrangement of the so-called
Palaechinoids in his great work. The order Echinocystoida JACKSON (=Cystocidaroidea
ZITTEL or Cystechinoida STEINMANN and DODERLEIN), comprising Palaeodiscus and
Echinocystites, as described above, cannot stand as a separate order, but be united
with the Echinocystitoids (Lepidocentroids). To the order Perischoechinoida M’'Coy,
JACKSON referred to four families, namely, the Archaeocidaridae M’Coy, Lepidocentridae
LoVEN, Palaechinidae M’Coy, and Lepidesthidae JACKSON ; and he considered that the
pluriseriate condition of the interambulacra in these Echinoids may be more special-
ized than the biserial condition of interambulacral plates in the area. But there are
now proofs that the 20-columnar (e.g., biserial condition of plates in each area)
Echinoids pass through a pluriserial state in the embryological development. Further
it is accepted that there is no sharp distinction between the pluriseriate Palaeozoic
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Echinoids and the post-Palaeozoic 20-columnar Echinoids in the evolution and morpho-
logy. The first family Archaeocidaridae differ from the Cidaridae proper of the order
Cidaroida only in having more than two columnar (series) of interambulacral plates,
and thus to be placed in the order Perischoechinoida of the pluriseriate Palaeozoic
Echinoids. However, the other characters, i.e., the ambulacra, the interambulacra,
the primary spines, the apical system, and others, present a closer relation to the
Cidaridae proper than to other Palaeozoic Echinoids. The natural course may be to
regard the Archaeocidaridae as the older, more primitive forms, from which the
Cidaridae proper developed by the gradual reduction of the columns of interambulacral
plates to two, and by the gradual giving up of the imbrication of the coronal plates:
thus the family Archaeocidaridae must be placed in the order Cidaroida.

The second family Lepidocentridae comprise forms of pluriseriate and imbricating
plates, and chiefly biserial ambulacral plates that are imbricating adorally and bevelled
strongly under the interambulacral plates. JACKSON also distinguished the Lepide-
sthidae from the Lepidocentrotidae chiefly by the multicolumnar ambulacral plates,
otherwise the two families cannot be safely distinguished from each other by other
characters. But in the simpler forms of the former family the ambulacra are as
simple as those in the latter family, and there is no sound reason to distinguish them.

The third family Palaechidae also have bi- to pluriseriate ambulacral plates and
pluriseriate interambulacral plates as in the other Palaeozoic Echinoids, and in this
character they are placed in the order Perischoechinoida. The character of the peri-
stome (the ambulacral plates continue over the peristome to the mouth and the inter-
radial plates are present on the peristome) recalls of the Cidaridae proper, but other-
wise it is evident that they cannot have any relation to the Cidarids. The thick,
non-imbricate coronal plates distinguish them sharply from all other pluriseriate
Palaeozoic Echinoids, and they seem to represent rather an isolated group of the
Palaeozoic Echinoids. The Palaechinidae cannot be classified together with the
Lepidocentroids (Echinocystitoids).

In the great monographic work on the “ Hawaiian and other Pacific Echini” by
A. Acassiz and H.L. CLARK (1907-1909) and succeeded by CLARK (1912-1917) are
treated only the Recent species and genera in the systematic arrngement of the
Echinoidea ; the scheme followed in the main that of JACKSON.

HAWKINS in his studies in the interesting and primitive Irregular Echinoids, the
Holectypoida and the allies (1909-1926), revised the systematic arrangement of the
primitive Irregular Echinoidea, particularly in the Holectypoida, Cassiduloida, and
Nucleolitoida (of his order, now united into the Cassiduloida). HAWKINS, in his most
important work ““ The morphology and Evolution of the Ambulacrum in the Echinoidea
Holectypoida, 1920 is led to distinguish two orders by means of the ambulacral
structure : namely, the Nucleolitoida (including Nucleolitidae, Catopygidae, and Colly-
ritidae) and the Cassiduloidea) (comprising the families Cassidulidae, Echinolampadidae,
and Eolampadidae). HAWKINS, in his great work of 1920 laid too much great stress
on the minute differences in the ambulacral structures that he had found in these forms:
the illustrations are very beautiful. This classifactory sheme of the Irregular Echi-
noidea is followed principally by H.L. CLARK (1925), his systematic arrangement of
the Echinoidea on the Recent forms only, that combined with the scheme in the
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Regular Echinoidea of JACKSON, is as follows (only the ranks higher than taxa of the
family-group cited).

H.L. CLARK (1925)

Order 1: Cidaroida DuncAaN
Family 1: Cidaridae J. MULLER
Order 2: Diadematoida DuNncaN
Suborder A: Aulodonta JACKSON
Family 1: Aspidodiadematidae DuNcaN
Family 2: Diadematidae PETERS
Family 3: Echinothuriidae WyviLLE THOMSON
Suborder B: Stirodonta JAckson
Family 1: Saleniidae DEsor
Family 2: Stomopneustidae MORTENSEN
Family 3: Arbaciidae GrRay
Suborder C: Camarodonta JACKSON
Family 1: Temnopleuridae DESOR
Family 2: Echinidae AcAassiz
Family 3: Strongylocentrotidae GREGORY
Family 4: Echinometridae GrAY
Order 3: Exocycloida Jackson
Suborder A: Clypeastrina GREGORY
Family 1: Clypeastridae Agassiz
Family 2: Arachnoididae GREGORY
Family 3: Laganidae A. Agassiz
Family 4: Fibulariidae GrRAY
Family 5: Scutellidae Acassiz
Suborder B: Echinoneina HAWKINS
Family 1: Echinoneidae WRIGHT
Suborder C: Nucleolitina HAWKINS
Family 1: Nucleolitidae GREGORY
Suborder D: Cassidulina HAWKINS
Family 1: Cassidulidae Acassiz
Suborder E: Urechinina H. L. CLARK
Family 1: Urechinidae LAMBERT
Family 2: Calymnidae MORTENSEN
Family 3: Pourtalesiidae LovEN
Suborder F: Spatangina JACKSON
Family 1: Palaeostomatidae GREGORY
Family 2: Aeropsidae H.L. CLARK
Family 3: Palaeopneustidae A. AGgAssiz
Family 4: Hemiasteridae H.L. CLARK
Family 5: Spatangidae GrRAY

Among them, the family Echinothuriidae cannot be classified with the Diadematids,.
as discussed above. Another major classification of the so-called Regular Echinoidea,
as far as the Recent forms are concerned, may have not a strong contradiction, except
for some details here and there. In the Aulodonta the genus Caenopedina A. AGASSIZ,.
CLARK included it into the family of the Diadematids, as none of the characters he
described, have been found to warrant its being anything else. This dealing is.
contrary to the former assignment of it to the family of the Pedinids (H.L. CLARK,.
1912-b, p. 213) by himself. The structure of the spines of the Pedinids, recalling
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that of the Cidarid spines, is so fundamentally different from that of the Diadematid
spines, and the genus Caenopedina, the living representative of the Pedinids, cannot
classified with the Diadematids.

H.L. CLARK strongly holds his view for the essential difference between the
triporous (or oligoporous) and polyporous forms of the so-called Regular Echinoidea.
He recognized three families, of which the least specialized is the Echinids, the
intermediate, the Strongylocentrotids, and the most specialized, the Echinometrids,
under the Camarodonta, excepting the sculptured Temnopleurids. The first family
Echinidae, comprise the genera Echinus, Toxopneustes, and Tripneustes, with trigemi-
nate ambulacra and circular ambitus. The second family Strongylocentrotidae, comprise
the genera Echinostrephus, Strongylocentrotus, and Heliocidaris, with multigeminate
ambulacra and circular ambitus. The third family Echinometridae, comprise the
genera Paraselenia, Echinometra, and Heterocentrotus, with tri- to multigeminate
ambulacra and elliptical ambitus. This treatment of classification met a strong
opposition of MORTENSEN. MORTENSEN claims that the distinction between the oligo-
porous and the polyporous forms of the Regular Echinoidea is a mistake, and in
various families there is a clear evidence of development from primitive, simple to
compound ambulacral plates, trigeminate and, ultimately as the most specialized, poly-
porous plates. On the other hand, H. L. CLARK claims that the test structure is essential
for the classification of these forms, but the appendages of the test, pedicellariae and
spines, are subject to all environmental influences, and that Toxopneustid-like globi-
ferous pedicellariae, which characterize MORTENSEN’s Toxopneustids, have arisen
independently three times is at least as equally likely as the alternative, that poly-
porous ambulacra have arisen independently. These two diverse courses of the authors
present an interesting problem as to the systematic arrangement of the Echinoidea.
At any rate, the true genetic relations of the so-called Regular Echinoidea with
complex morphologies cannot be steadily determined on single independent characters.

In the systematic arrangement of the so-called Irregular Echinoidea (the order
Exocycloida), H.L. CLARK subdivided them into six suborders as listed above; each
of these, the Clypeastrina, Echinoneina, and Urechinina, forms a more or less natural
and distinct group as a whole. But the Spatangina (emended by CLARK, 1925) itself
comprise, diversified forms derived from different sources, and the grouping of genera
and species made by him seem to be far from the natural affinities. CLARK included
in his family Sptangidae the Brissids and the Loveniids also, besides an evident
Palaeopneustid, Linopneustes: the presence of a subanal fasciole is taken as the main
characteristic, regardless of all other characters. His classification is in the main the
same as that of DUNCAN. This classification, as well as his family Hemiasteridae,
cannot be accepted.

MORTENSEN, in his great and exhaustive work “ A Monograph of the Echinoidea,
1928-1951 7, the greatest and most valuable monograph in the former half of the
twentieth century, based on the very large amount of materials accumulated in a long
time, the most experienced savant on the Echinoidea, with the deep and precise
knowledge on the animals, describing the Recent forms to species, and fossil forms
to genera, rearranged and reviewed the systematic arrangement of the Echinoidea and
steadily made great strides in the science. MORTENSEN’s classificatory scheme is as
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follows (only the ranks higher than taxa of the family-group cited).

MORTENSEN (1928-1951)

Order: Lepidocentroida MORTENSEN, 1934
Family: Lepidocentridae LovEn, 1874
Family: Echinothuridae WyviLLE THoMmsoON, 1872
Subfamily : Phormosominae MORTENSEN, 1934
Subfamily: Kamptosominae MORTENSEN, 1934
Subfamily : Pelanechininae GrRoowm, 1887
Subfamily: Asthenosominae MORTENSEN, 1937
Order: Melonechinoida MORTENSEN, 1934
Family: Palaechinidae M’Coy. 1849
Order: Cidaroidea DuNcan, 1889
Family: Archaesocidaridae M’Coy, 1849
Family: Cidaridae Gray, 1825
Subfamily: Streptocidarinae LAMBERT, 1900
Subfamily: Stereocidarinae LAMBERT, 1900
Subfamily: Diplocidarinae GREGORY, 1900
Order: Stirodonta JACKsoON, 1912
Suborder : Calycina GREGORY, 1900
Family: Acrosaleniidae GREGORY, 1900
Family: Saleniidae L. Acassiz, 1838
Subfamily : Hyposaleninae MORTENSEN, 1934
Subfamily : Saleninae MORTENSEN, 1934
Suborder : Phymosomina MORTENSEN, 1934
Family: Hemicidaridae WriGHT, 1857
Family: Pseudodiadematidae PoMmEL, 1883
Family: Phymosomatidae (PomEL) MEISSNER, 1904
Family: Stomopneustidae MORTENSEN, 1903
Family: Tiarechinidae GREGORY, 1896
Family: Arbaciidae GrAYy, 1855
Order: Aulodonta JAcksoN, 1912
Suborder: Aspidodiademina MORTENSEN, 1939
Family: Aspidodiadematidae DuncaN, 1889
Suborder: Pedinina MORTENSEN, 1939
Family: Pedinidae (PoMEL) GREGORY, 1900
Suborder: Diademina GREGORY, 1900
Family : Micropygidae MORTENSEN, 1904
Family: Diadematidae PETERS, 1855
Order: Camarodonta JACKSON, 1912
Suborder : Orthopsina MORTENSEN, 1942
Family: Orthopsidae DuncaN, 1889
Suborder: Temnopleurina MORTENSEN, 1942
Family: Glyphocyphidae (DuncaN) DELAGE & HEROUARD, 1903
Family: Temnopleuridae A. Acassiz, 1872
Subfamily: Temnopleurinae DuNcAN, 1889
Subfamily: Trigonocidarinae MORTENSEN, 1903
Subfamily: Genocidarinae MORTENSEN, 1942
Family : Toxopneustidae (TRoscHEL) MORTENSEN, 1903
Suborder: Echinina MORTENSEN, 1942
Family : Echinidae Gray, 1825
Subfamily: Echininae MorRTENSEN, 1903
Subfamily: Parechininae MoRTENSEN, 1903
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Family: Strongylocentrotidae GREGORY, 1900
Family: Parasaleniidae MORTENSEN, 1903
Family: Echinometridae GrAy, 1855
Order: Holectypoida Duncan, 1889
Suborder : Holectypina GREGORY, 1900
Family: Pygasteridae LAMBERT, 1900
Family : Holectypidae LAMBERT, 1900
Family: Conulidae HAwkIns, 1912
Family: Discoidiidae LAMBERT, 1900
Family: Galeritidae Gray, 1825
Suborder: Echinoneina HawkINs, 1925
Family : Echinoneidae WriGgHT, 1857
Order: Cassiduloida DuncaN, 1889
Suborder: Cassidulina DELAGE & HEROUARD, 1903
Family : Galeropygidae LAMBERT, 1911
Family : Echinobrissidae p’OrBIGXNY, 1855
Family : Cassidulidae L. Acassiz, 1847
Family: Echinolampadidae Gray, 1851
Family: Archiaciidae CoTTEAU, 1869
Family: Neolampadidae LaAMBERT, 1918
Suborder : Conoclypina DELAGE & HEROUARD, 1903
Family : Conoclypidae ZiTTEL, 1879
Order: Clypeastroida (Acassiz & DEsor) DunNcan, 1889
Suborder: Clypeastrina GREGORY, 1900
Family: Clypeastridae Duncax, 1889
Family: Arachnoididae GREGORY, 1900
Suborder: Laganida DEesor, 1857
Family: Fibulariidae Duncan, 1889
Family: Laganidae A. Acassiz, 1872
Family: Scutellidae Gray, 1825
Subfamily: Scutellinae LAHILLE, 1896
Subfamily : Astriclypeinae STEFANINI, 1911
Subfamily : Monophorinae LAHILLE, 1896
Subfamily: Rotulinae GrAy, 1855
Order: Spatangoida L. Acassiz, 1840
Suborder: Protosternata MORTENSEN, 1907
Family : Disasteridae A. Gras, 1848
Subfamily: Pygorhytinae LAMBERT, 1909
Subfamily: Collyritinae BEURLEN, 1934
Subfamily: Disasterinae LAMBERT, 1909
Suborder : Meridosternata (LovEN) MORTENSEN, 1907
Family: Holasteridae ZiTTEL, 1879
Subfamily: Holasterinae DELAGE & HEROUARD, 1903
Subfamily: Stegasterinae LAMBERT, 1917
Family: Urechinidae MEISSNER, 1904
Family: Calymnidae MORTENSEN, 1907
Family : Pourtalesiidae LovExN, 1883
Family: Stenonasteridae LAMBERT, 1922
Suborder: Amphisternata (LovEN) MORTENSEN, 1907
Family: Palaeopneustidae A. Acassiz, 1904
Subfamily: Palaeopneustinae MORTENSEN, 1950
Subfamily : Palaeotropinae LAMBERT, 1896
Family: Asterostomidae PoMEL, 1883
Family: Aeropsidae LAMBERT, 1896
Family: Toxasteridae LAMBERT, 1920

15
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Family: Micrasteridae (LAMBERT) MORTENSEN, 1950
Family: Spatangidae GrAy, 1825
Subfamily: Spatanginae MORTENSEN, 1950
Subfamily: Maretiinae LAMBERT, 1905
Family: Loveniidae LAMBERT, 1905
Subfamily: Loveniinae MORTENSEN, 1950
Subfamily : Echinocardiinae WyTHE CookE, 1942
Family: Pericosmidae LAMBERT, 1905
Family: Schizasteridae LAMBERT, 1905
Family: Brissidae Gray, 1855

In MORTENSEN’s systematic arrangement of the Echinoidea, as listed above, the
following three points are important and noteworthy. 1. Bothriocidaris is neither an
Echinoid as hitherto generally assumed nor the ancestor of all the Echinoids as had
been considered by former writers. The monoserial interambulacral plates of Bothrio-
cidaris, the so-called dental apparatus, and the anatomical position of the radial water-
vessel, the nerve, and the blood-vessel show no affinity with the primitive Echinoids.
He considered the primitive Echinoids should have a number of interambulacral plates
which are more or less irregularly arranged and the radial water-vessels, nerves, etc.
lay in an open furrow outside the ambulacral plates. The oldest and most primitive
form, Aulechinus BATHER and SPENCER, gives the clue to the origin of the Echinoids;
though it is doubted by many authors, as to the validity of the open ambulacral
furrows, and the irregular interambulacral plates. On the derivation of the primitive
‘Ordovician Echinocid, Aulechinus, he further sought for among the Edrioasteroids of
the Cambrian Period.

2. MORTENSEN disregarded the sharp distinction between the multicolumnar
Palaeozoic Echinoids and the post-Palaeozoic 20-column Echinoids, the Subclass Pala-
echinoidea and Euechinoidea, hitherto generally accepted. The family Archaeocidaridae
he excluded from the Palaeozoic order Perischoechinoida and put them into the post-
Palaeozoic order Cidaroida, and divided the Perischoechinoida of multicolumnar
Palaeozoic Echinoids into two orders, the Lepidocentroida and Melonechinoida. The
family Echinothuriidae, which have been hitherto classified into the Aulodonta, on
account of the character of teeth, are regards as the surviving member of the older
Lepidocentroids; but this procedure is open to later criticism.

3. MORTENSEN also pointed out a mistake of the sharp distinction between the
oligoporous and the polyporous forms of the so-called Regular Echinoidea, the “ Triple-
chinidae A. AGAssiz” and “ Echinometridae GRAY” which have prevailed in an
Echinoid classification, as seen in A. AGASSIZ, DUNCAN, GREGORY, LAMBERT, and
H.L. CLARK. In various families, i.e.,, the Pseudodiamatidae, Phymosomatidae,
Stomechinidae (Stomopneustidae), Saleniidae, Echinidae, and the Echinometridae, there
is a clear evidence for development from primitive, simple (cidaroid structure) to
compound ambulacral plates, trigeminate (diadematoid, arbacioid, and echinoid structure)
and, ultimately to the most specialized polyporous plates.

On the systematic arrangement of the so-called Regular Echinoidea MORTENSEN
followed in the main that of JACKSON, excepting the families Echinothuriidae and
Hemicidaridae, and JACKSON’s three suborders he raised to ordinal level, respectively.
The order Stirodonta were divided into two suborders, the Calycina GREGORY (with
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angular suranal plates) and the Phymosomina MORTENSEN (without angular suranal
plates), the latter comprising six families; among them the Hemicidaridae WRIGHT
and Pseudodiadematidae POMEL are removed from the Aulodonta, and placed in this
order based on the stirodont character of teeth found in the members of these two
families through the researches of MORTENSEN and others; the members of these two
families represent rather primitive stage in the development of this order. The small
and interesting family Tiarechinidae GREGORY were removed to this order from its
special and separate order Plesiocidaroida; because their ambulacral structure bears
a primitive character of primary plates throughout—in accordance with the fact that
it is also the oldest among the order. The assignment of these families to the order
seems to justify in their natural affinities.

By excluding the families, by MORTENSEN, of the Echinothuriids, the Hemicidarids,
the Pseudodiadematids, and the Orthopsids from the order Aulodonts, in which they
had been included by JAcksoN and CLARK, the first family to the order of the Lepido-
centroids, the second and third to the order of the Stirodonts, and the fourth to the
order of the Camarodonts, the order of the Aulodonts have thus become clearly
restricted and approached more closely to the nature. MORTENSEN divided the order
into three suborders on account of the difference of structures of the primary spines.
After the discovery of the remarkable structure of the spines of the Aspidodiadematids,
so entirely different from the simple structure of the Diadematid spines, he maintains
that the Aspidodiadematids probably originated from some Palaeozoic Lepidocentroids,
and may represent a separate branch of or without direct connexion with, the
Diadematids : -the Aspidodiadematids form a separate suborder, the Aspidodiademina
MORTENSEN. The structure of the spines (the solid axis) of the Pedinids clearly
disprove the derivation of them from the Diadematids, the spines of which are char-
cterized by their hollow axis: MORTENSEN agrees with BATHER's and MERCIER’S
view that the Pedinids were derived from the primitive Cidarids, such as Triadocidaris.
Pedinids themselves form a special suborder, the Pedinina MORTENSEN. The hollow
spines of the Micropygids and the Diadematids are fundamentally different from those
of the Aspidodiadematids and the Pedinids. MORTENSEN also suggested that the
Micropygids—Diadematids must be derived from the Lepidocentroids. Accordingly
the Aulodonta are not a natural order as described above, but comprise three quite
different groups (suborders), each of the independent origin. This classifactory scheme
of this order is practical, and shows clear distinction of each group.

The discovery of the camarodont character of teeth (masticatory apparatus) in
Orthopsis by SERRA (1934, p. 51) and the general resemblance of the Glyphocyphids
to the Temnopleurids make the origin of the order of the Camarodonts not from
single source, but along two or three separate lineages. The perforate, non-crenulate
tubercles of Orthopsis, combined with the primitive character of the ambulacra, point
towards the more primitive forms of the Pedinids as the source from which it evolved;
this procedure, however, is open to later criticism. The family of the Glyphocyphids
stand apart from other families of the Camarodonts, excepting for the Orthopsids,
by their diadematoid ambulacra and their perforate, crenulate tubercles. The lantern
is not known of any Glyphocyphids, so that there is no proof whether the Glypho-
cyphids really belong to either of the Camarodonts, the Stirodonts or to the Aulodonts.
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But their general resemblance to the Temnopleurids makes it very probable that they
are actually related to the Temnopleurids, representing the more primitive forms from
which the latter evolved. The Temnopleurids are very closely connected with the
Toxopneustids, and it seems then that, as MORTENSEN maintains, in the Glyphocyphids—
Temnopleurids—Toxopneustids a separate branch must have evolved from the Pseudo-
diadematids. The other families, which are much diverse in the systematic arrange-
ment of the genera and species of MORTENSEN and of H.L. CLARK, the Echinids,
Strongylocentrotids, Parasaleniids, and the Echinometrids, adopted from MORTENSEN’S,
do not seem to have any close relations to the Temnopleurids—Toxopneutids stem.
MORTENSEN suggested that the Echinids—Strongylocentrotids—Parasaleniids—Echino-
metrids derived from the Stomopneustids of the Stirodonts, and he also claims that
the three groups, the Orthopsids, the Glyphocyphids—Temnopleurids—Toxopneustids,
and the Echinids—Strongylocentrotids—Parasaleniids—Echinometrids, would naturally
be regarded as three suborders, the Orthopsina, the Temnopleurina, and the Echinina.
This classifactory procedure seems to be natural, except for dubious Orthopsids, and
plausible at the present state of our knowledge. The name Echinina of MORTENSEN
(1942, p. 225), however, is a junior homonym of the suborder Echinina of GREGORY
(1900-b, p. 311), a fact is not touched by MORTENSEN.

The members of the Holectypoids, MORTENSEN claims, seem to have originated
from different sources, the Pygasterids from the Pedinids of the Aulodonts :—DURHAM
and MELVILLE (1957, pp. 246, 253) associated the Pygasterids with the Aulodonts,
Holectypids from the Diadematids, Conulids, on account of their carinate teeth, sug-
gest their derivation from the Stirodonts, and the Discoidiids also have stirodont
character of teeth that prove their affinity with the Stirodonts. On the systematic
arrangement of the families and genera within the order, there is no great difference
between that of MORTENSEN and of HAWKINS. It is rather by practical reasons,
MORTENSEN stated, but not because of true relationship, that MORTENSEN placed those
families in the same order. The Echinoneids are difficult to find place convincingly;
the discovery of a stirodont character of masticatory apparatus in the young proves
their connexion with the Holectypoids (especially to the Conulids or Discoidiids). But
in view of the many points of differences from the typical Holectypoids, and accord-
ingly, MORTENSEN thought that it is reasonable to distinguish them, as a separate
suborder, the Echinoneina, as HAWKINS and CLARK have already done.

The subdivision of the order Cassiduloida into families offers great difficulties,
and there are hardly any unanimous opinions. MORTENSEN abandoned the order
Nucleolitoida HAWINS (in which HAwKINS includes the families, the Nucleolitidae,
Clypeidae, Catopygidae, and the Collyritidae), and united in the Cassiduloida. As to
the minute differences in the ambulacal structure found by HAWKINS in these forms,
MORTENSEN declares that they afford excellent generic, but not family characters, just
as the ambulacral structure of the Cassiduloids does in the so-called Regular Echinoidea.
MORTENSEN uses the difference in the character of the apical system, either “ tetra-
basal” or “ monobasal ”, have a character of primary importance which may be used
for distinction of the families. Accordingly, MORTENSEN recognized the following
seven families within the order, i.e., the Galeropygidae LAMBERT, Echinobrissidae
D’'ORBIGNY, Cassidulidee AGassiz, Echinolampadidae GRrAY, Archiaciidae COTTEAU,
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Neolampadidae LAMBERT, and the Conoclypidae ZITTEL. A contradictional expression,
however, stated by MORTENSEN himself on the classifactory value of the apical system.
in the same great work—* Here again it is the question of the classifactory value of
the apical system, tetrabasal or monobasal, that decides whether it is a convergency
or actual relation” (1948-a, p. 121). The Galeropygids are evidently primitive forms.
and stand in the early relation to the primitive Aulodonts. The large family of the
Echinobrissidae, comprising about thirty genera, seem beyond doubt that they are the
direct descendants of the Galeropygids. The family of the Cassidulids, in the sense
of MORTENSEN’s limitation, comprising a large number of genera and species, repre-
sent a further development from the Echinobrissids, and there may be a number of
different lines connecting the two families. The Echinolampadids are so closely
related to the Cassidulids, that they might almost equally well be included in the same
family. It is for a practical reason, in the main, that, as MORTENSEN maintains, who.
keeps the Echinolampadids as a separate family, and the Cassidulids on the other
hand from such a very large group (with over thirty genera) that a subdivision is.
desirable. MORTENSEN also considered that the Echinolampadids are derived from
the tetrabasal Echinobrissids, but not from the monobasal Cassidulids. On the whole,
there can be no doubt that there is close relation between the Echinolampadids and
the Galeropygids—Echinobrissids—Cassidulids line, but the classification and the
systematic arrangement of this group are at present more or less apart from the
natural relation than the practical. :

The reduction of the pores of the frontal ambulacrum, the essential characteristic
of the family of the Archiaciids, as MORTENSEN claims, may have developed along
different lines, for instance from the Echinobrissids or Cassidulids, but it gives a
very practical distinction from the order Cassiduloids, and it may be kept as a family,
though not. represent a true relationship. The question arises here as to the classifi-
catory value of the simple ambulacra. Particularly the single pores and the more or
less rudimentary condition of the aboral part of the ambulacra in the family of the
Neolampadids; is it a primitive character derived as a direct inheritance from the
primitive ancestors among the so-called Regular Echinoidea, or is it rather a highly
specialized feature ? Through the researches of STEFANINI (1913) and MORTENSEN
(1948-a), it is concluded that it has nothing to do with a direct inheritance from the
primitive ancestors among the so-called Regular Echinoidea, but all the other char-
acters showing these forms appear to be closely allied to the Cassiduloids. It is also
quite possible that family of the Neolampadids, as comprised by LAMBERT and THIERY,
and MORTENSEN, are not a natural family; but that the Neolampadids, as a whole,
as MORTENSEN claims, represent a specialization from the Echinobrissids or the Cas-
siduloids seems beyond doubt. ,

The discoveries of the presence of a lantern in the young Cassiduloids (Apatopygus,
Echinolampas, and Conolampas) lead to the conclusion that a lantern must be typically
in all (young) Cassiduloids, and thus the presence of a lantern in Conoclypus (adult)
cannot mean such a profound difference between Conoclypus and the Cassiduloids as
hitherto thought. Very probably, as HAWKINS (1912-b, p. 494) and MORTENSEN (1948-a,
p. 349) suggest, the Conoclypids are derived from the Discoidiids of the Holectypoids,
the radiating internal walls (buttresses) of Conoclypus strongly recall Discoidea, and
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in no other Cassiduloid do we find anything comparable. Thus the Conoclypids are
markedly different from the other Cassiduloids in the structure and in the source.

The order of the Clypeastroids is subdivided into two suborders, the Clypeastrina
and the Laganina, by MORNENSEN, owing to the differences in the ambulacral plates
of petals, the position and mode of auricles, and in the aboral miliary spines; the
probable diphyletic or polyphyletic origin of the order has been already noticed by
H.L. CLARK (1914, p. 123) and the writer. The families of the Clypeastrids and the
Arachnoidids are assumed to have been derived probably from the Conoclypids of the
Cassiduloids, and systematic arrangement of the genera and subgenera given by
MORTENSEN, i.e., the Clypeastrids with a single genus, Clypeaster, and the Arachnoi-
didae with three genera, seems to be justify at present state of our knowledge. The
-characteristics, e.g., the four genital pores, the ambulacral furrows, the “combed”
areas, the lantern, and the larvae, distinguished the family Arachnoididae so sharply
from the Clypeastridae that their value is beyond doubt. The second suborder, the
Laganina DESOR, comprising three families of the Fibulariids, the Laganids, and the
Scutellids, and they have probably been derived from the Discoidiids of the Holecty-
poids, thus differing from the Clypeastrina in their source: and it appears that the
three families have evolved as three or more parallel stems from this root. The
systematic arrangement of genera and subgenera in the family of the Fibulariids
(including a rather large number of extinct forms) adopted by MORTENSEN, seems to
more or less close to natural sequence. The only two genera (Peronella GRAY and
Laganum (KLEIN) LINK) are referred to the family Laganidae, as already done by
H.L. CLARK (1914-1946) and the writer ; but MORTENSEN considered the former genus
(Peronella) is more primitive than the latter, which is treated reversely by CLARK as
rather a more primitive form. According to MORTENSEN the family Scutellidae fall
into four subfamilies as listed above, i.e., the Scutellinae (including three living and
twelve extinct genera) having the test without lunules or indentations, the Astricly-
peinae (including three living and an extinct genera) having the test with at most
two long narrow slits in the posterior ambulacra, the Monophorinae (including two
living and an extinct genera) having the test with at least a lunule in the posterior
interambulacrum, and the Rotulinae (including a living and an extinct genera) with
the posterior edge of test with numerous, more or less deep indentations.

MORTENSEN subdivided the order Spatangoida into three suborders chiefly accord-
ing to the difference of the structure of the plastron. The first suborder, which
MORTENSEN named the Protosternata, are characterized by the primitive structure of
the plastron, comprise only a single family of the Disasterids (Collyritids). As to the
origin and the systematic arrangement of the genera and subgenera of the Collyritids,
MORTENSEN almost fully followed BURLEN’s view (BURLEN, 1934). The origin of the
‘Collyritids, which BURLEN and MORTENSEN quite agree, can only be found among the
Galeropygids of the primitive Cassiduloids. The two authors also have a view that
the primitive meridosternous Spatangoids, the Holasteroids, are derived from the
‘Collyritids through Proholaster, and the amphisternous Spatangoids have also evolved
from the Collyritids through Metaporinus. Thus MORTENSEN and BEURLEN considered
that the Collyritids would represent the ancestors of both the Holasterids and of the
mighty group of the amphisternous Spatangoids.
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The second suborder, which MORTENSEN named the Meridosternata, are character-
ized by the meridosternous plastron (the labrum abutting against a single sternal
plate) and comprising five families, the Holasterids, the Urechinids, the Pourtalesiids,
the Stenonasterids, and the Calymnids, the last two being small as families. The
Holasterids, the primitive member of the suborder, have their flourishing age in the
‘Cretaceous Period with about thirty genera, but continue sparingly into the Recent
seas, only represented by the two genera, Sternopneustes MEUJERE and Sternopatagus
MEIERE. The Urechinids are direct descendants of the Holasterids. The small family
of the Calymnids also comprise only Recent forms and it seems that the Calymnids
are a small branch of the Urechinids. The Pourtalesiids are in an acmaic state in
the Recent seas; they seem to have been derived directly from the Disasterids (Colly-
ritids). The Stenonasterids, with their double ambulacral pores and the ethmophract
apical system, as well as their primitively meridosternous plastron, are decidedly more
primitive than the Urechinids; the Stenonasterids comprise only extinct genera, and
form more or less an artificial family, they seem to represent a separate line from
the Disasterids (Collyritids). )

The third suborder, which MORTENSEN named the Amphisternata, are characterized
by the amphisternous plastron (the labrum abutting against two usually equal-sized
plates), comprising a large number of families that might probably have been derived
from various sources. The classification and the systematic arrangement of the
amphisternous Spatangoids must, as MORTENSEN considered, be based in the main on
the fascioles, although the function and use of these organs are not certainly assured;
this idea has been suggested by LAMBERT and THifRY. I[n that way, grouping after
the fascioles, a clear distinction of the various groups becomes possible and practical,
as it is at once clear to which family some form is referable. The primitive am-
phisternous Spatangoids, the family of the Toxasterids, are characterized by the total
absence of fasciole, and it is accordance with their Cretaceous (MORTENSEN’S view ;
ascertained to be Jurassic by the writer) age and they are richly developed in the
Cretaceous, including about ten genera, but have survived till Recent seas with the
single genus [Isopatagus MORTENSEN. From the Toxasterids, probably the main
families, the Micrasterids, Hemiasterids, Spatangids, Schizasterids, and the Brissids
seem to have been derived. The Micrasterids are characterized by having cnly a
subanal fasciole; they are thus a further specialization from the Toxasterids. This
is in accordance with the fact that they are somewhat younger than the Toxasterids,
and are confined to the Upper Cretaceous (four genera) and the Eocene. The Hemi-
asterids characterized by having a well developed peripetalous fasciole are in the
main fossil richly developed in the Upper Cretaceous (nearly twelve genera), but
surviving till the Recent seas by species of the genera Hemiaster DESOR and Sarsiaster
MoORTENSEN. The Spantagids characterized by having only a subanal fasciole, as in
the family of the Micrasterids, but they have an ethmolytic apical system against
the ethmophract apical system of the Micrasterids. They are mostly Recent forms,
and may represent a further specialization from the Micrasterids. The Schizasterids
characterized by having both a peripetalous and a latero-anal fasciole are chiefly
Recent forms comprising a large number (about twenty-five) of genera. The origin
of the Schizasterids is not very clear, but the marked difference of the origin of the
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peripetalous fasciole in the Hemiasterids and in the Schizasterids, as MORTENSEN
claims, speak against the direct derivation of the Schizasterids from the Hemiasterids;
it might be natural to seek for the source of the Schizasterids in the Toxasterids.
The Brissids defined by MORTENSEN are characterized by having both a peripetalous
and a subanal fasciole; they are also mostly Recent forms comprising about thirty
genera. The great and very important family of the Palaeopneustids would seem to
have been derived from the Conoclypids of the Cassiduloids, thus being very differ-
ent from other amphisternous Spantagoids in their source; there are over twenty
genera of Recent and fossil forms. From the Palaeopneustids again the families of the
Loveniids and the Pericosmids seem to have developed. The Loveniids are character-
ized by having an inner (or internal) fasciole, and they seem to have provided consist
the origin of two different genera, the Lovenia—Breynia and the Echinocardium. The
Pericosmids are characterized by having both a peripetalous and a marginal fasciole,
and also by the peculiar character of the petals, with the distalmost plates occluded.
They comprise only a single genus Pericosmus AGASSIZ and two doubtful fossil genera.
The Palaeostomatids, among the Recent Spantagoids, have an unique character of
their peristome, and the well developed peripetalous fasciole. MORTENSEN suggests
that the Palaeostomatids have their source in the Palaeopneustids, but we must
confess our ignorance as to the actual genetic relations of these peculiar forms. The
affinity of the Aeropsids with the Schizasterids in the peripetalous fasciole may be
superficial instead of a true relation. MORTENSEN suggests that either they have
their source in the Palaeopneustids, or are a special small branch of the amphistern-
ous Spatangoids of unknown origin.

An important work on the major classification of Echinoids was published by
DurRHAM and MELVILLE (1957, pp. 242-272) after a large monograph of MORTENSEN
had been completed. They critically reviewed and revised the classification of the
class Echinoidea by MORTENSEN (1928-1951). Their systematic arrangement of the
Echinoidea is as follows (only the ranks higher than taxa of the family-group cited).

DurHAM and MELVILLE (1957)

Subclass: Perischoechinoidea McCoy, 1849
Order: Bothriocidaroida ZiTTEL, 1879
Family: Bothriocidaridae KLEw™m, 1904
Order: Echinocystitoida Jackson, 1912
Family : Echinocystitidae GREGORY, 1897
Order: Palaechinoida HAECKEL, 1886
Family: Palaechinidae McCoy, 1849
Family: Cravenechinidae HAwkiNs, 1946
Order: Cidaroida Craus, 1880
Family: Archaeocidaridae McCoy, 1849
Family: Miocidaridae DurRHAM & MELVILLE, 1957
Family: Cidaridae GraAy, 1825
Subfamily: Histocidarinae MORTENSEN, 1928
Subfamily: Cidarinae GrRAY, 1825
Subfamily: Stylocidarinae MoRTENSEN, 1928
Subfamily: Rhabdocidarinae MORTENSEN, 1928
Subfamily : Goniocidarinae MORTENSEN, 1928
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Subfamily :
Subfamily :
Subfamily:
Subfamily :

Superorder :
Order:
Family:
Family:
Family:
Order:
Family:
Family :

Ctenocidarinae MORTENSEN, 1928
Stereocidarinae LAMBERT, 1900
Psychocidarinae IKEDA, 1936
Diplocidarinae GREGORY, 1900

Euechinoidea BroxNN, 1860

Diadematacea Duncan, 1889

Diadematoida Du~NcaN, 1889

Micropygidae MORTENSEN, 1904
Diadematidae Gray, 1855
Aspidodiadematidae Duncax, 1889
Echinothurioida CLAus, 1830

Pedinidae PomEL, 1883

Echinothuriidae WyvILLE THoMmsoN, 1872

Order: Pygasterida Durnam & MELVILLE, 1957
Family: Pygasteridae LaAMBERT, 1900

Superorder: Echinacea Craus, 1886

Order: Hemicidaroida BEURLEN, 1937
Family: Acrosaleniidae GREGORY, 1900
Family: Saleniidae Acassiz. 1838

Family: Hemicidaridae WricuT, 1957
Family: Orthopsidae DuncaN, 1889
Order: Phymosomatoida MORTENSEN, 1904

Family: Pseudodiadematidae PoMmEL, 1883

Family: Phymosomatidae PomEL, 1883

Family: Stomechinidae PoMmEL, 1883
Order: Arbacioida GREGORY, 1900

Family :
Order:

Arbaciidae GrAYy, 1855
Temnopleuroida MORTENSEN, 1942

Family: Glyphocyphidae Duncan, 1889

Family: Temnopleuridae A. Acassiz, 1872

Family: Toxopneustidae TROSCHEL, 1872
Order: Echinoida CrLAus, 1876

Family : Echinidae Gray, 1825

Family: Parasaleniidae MORTENSEN, 1903

Family: Strongylocentrotidae GREGORY, 1900

Family: Echinometridae GrRAY, 1855
Superorder: Gnathostomata ZiTTEL, 1879

Order: Holectypoida DuNcaN, 1889
Suborder: Holectypina Duncan, 1889
Family: Holectypidae LAMBERT, 1900
Suborder: Echinoneina H.L. CLark, 1925
Family: Discoidiidae LaMBERT, 1900
Family: Conulidae LAMBERT, 1911
Family: Echinoneidae WriGHT, 1857
Family: Galeritidae Gravy, 1825
Suborder: Conoclypina ZiTTEL, 1879
Family: Conoclypidae ZiTTEL, 1879
Family: Oligopygidae Duncan, 1889
Order: Clypeasteroida A. Acassiz, 1873
Suborder: Clypeasterina A. Acassiz, 1873
Family: Clypeasteridae L. Acassiz, 1835
Family: Arachnoididae DuNncan, 1889
Suborder: Laganina MORTENSEN, 1948
Family: Laganidae DEsor, 1858
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Family: Fibulariidae A. Acassiz, 1873
Family: Neolaganidae DurHAM, 1954
Suborder: Scutellina HAEckEL, 1896
Family: Scutellidae GrAy, 1825
Family: Protoscutellidae DurHAM, 1955
Family: Eoscutellidae DurHAM, 1955
Family: Dendrasteridae LAMBERT, 1900
Family: Echinarachniidae LaAMBERT, 1914
Family: Monophorasteridae LaniLLE, 1896
Family: Mellitidae STEFANINI, 1911
Family: Astriclypeidae STEFANINI, 1911
Family: Abertellidae DurHAM, 1955
Family: Scutasteridae DurHAM, 1955
Suborder: Rotulina DurHAM, 1955
Family: Rotulidae Gray, 1855
Superorder: Atelostomata ZiTTEL, 1879
Order: Nucleolitoida Hawkins, 1920
Family: Nucleolitidae Acassiz & DEsor, 1847
Family : Galeropydidac LaMmBERT, 1911
Family: Neolampadidae LaAMBERT, 1911
Order: Cassiduloida CLaus, 1880
Family: Cassidulidae Acassiz & DEsor, 1847
Family : Echinolampadidaec Gray, 1851
Order: Holasteroida DurHAM & MELVILLE, 1957
Family: Collyritidae p’OrRBIGNY, 1853
Family: Disasteridae A. Gras, 1848
Family: Holasteridae PicTET, 1857
Family : Urechinidae DuNncaN, 1889
Family: Calymnidae MORTENSEN, 1907
Family: Pourtalesiidae A. Acassiz, 1881
Family: Stenonasteridae LAMBERT, 1922
Order: Spatangoida CrLaus, 1876
Family: Asterostomatidae PicTET, 1857
Family: Palaeostomatidae LovENn, 1867
Family: Palaeopneustidae A. Acassiz, 1904
Family: Aeropsidae LAMBERT, 1896
Family: Toxasteridae LAMBERT, 1920
Family: Micrasteridae LAMBERT, 1920
. Family: Hemiasteridae H.L. CLARK, 1917
Family: Spatangidae GrAv, 1825
Family: Loveniidae LAMBERT, 1905
Family: Pericosmidae LAMBERT, 1905
Family: Schizasteridae LAMBERT, 1905
Family: Brissidae Gray, 1855
Family: Maretiidae LAMBERT, 1905

Incertae sedis

Family: Archiaciidae CorTEAU & TRIGER, 1869
Family: Heterocidaridae MORTENSEN, 1934
Family: Tiarechinidae GREGORY, 1896

In their major classification they recognized, as listed above, two subclasses of
the Echinoidea, the Perischoechinoidea and the Euechinoidea. The first subclass include:
all the Palaeozoic Echinoids and the post-Palaeozoic Cidaroids. The remaining Echi--
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noids are placed in the second subclass Euechinoidea. They divided the second into
four superorders, as follows : -the Diadematacea (corresponding to the order Aulodonta
as used by MORTENSEN, as well as families Echinothuriidae and Pygasteridae); the
Echinacea (for the orders Stirodonta and Camarodonta as used by MORTENSEN); the
Gnathostomata (for the order Holectypoida of MORTENSEN, excluding the Pygasteridae,
and including his Clypeastroida and certain genera of the Cassiduloida); and the
Atelostomata (for the remainder of MORTENSEN’s Cassiduloida and his Spatangoida).
They also made some rearrangement on the ordinal level, but the families are left as.
used by MORTENSEN.

In their systematic arrangement of the Echidoidea, the following results are
important and noteworthy. 1. As for the position of Bothriocidaris they conceded,
with three sound reasons, to the view that the genus, if it is ancestral or not, is a
true Echinoid, contrasting to MORTENSEN’s view that Bothriocidaris is not a true
Echinoid, and that it has no genetic connexion with the class. 2. They are lumping
together numerous and diverse forms of the Palaeozoic Lepidocentroids into a single
family, and prefer to accept the family Echinocystitidae (Lepidocentridae'as a senior
subjective synonym) in the wide sence of MORTENSEN; for example, they regarded
that the family of the Palaeodiscids, established for genera with an open ambulacral
furrow (Aulechinus, Ectinechinus, Palaeodiscus, etc.) is of questionable value since it
is by no means certain that a true ambulacral furrow is present in all these genera,
and they can find no satisfactory basis for separating from the family of the Echino-
cystitids (Lepidocentrids). 3. They expressively claim that the family of the Echino-
thuriids, which are regarded by MORTENSEN as the surviving member of the Palaeozoic
Lepidocentroids, originated from some other contemporary and closely similar Pedinid
stock than the Echinocystitids (Lepidocentrids); the association of these families appears
unreasonable and unnatural, and the authors classified the Echinothuriids (Lepido-
centrids) with the Pedinids, by the evidence from the Jurassic Pelanechinus, the
earliest Echinothuriid, or from certain Recent forms. 4. Although MORTENSEN (1948-a,
pp. 9-26) admitted that the Pygasterids and the Holectypids have originated from
different sources, the former from the Pedinids and the latter from the Diadematids,
and have evolved along different lines, he classified them together in the order of
the Holectypoids after their more important structural resemblances. DURHAM and
MELVILLE (1957, pp. 246-247, 253), however, rightly regarded that the Pygasterids,
which are referred by MORTENSEN to the primitive forms of the Holectypoids, should
be regarded as a sterile offshoot of the Pedinids, associating the Pygasterids with
the Diadematoids on the evidence derived from the general resemblance of the
Pygasterids to the Pedinid genera. The Holectypids, which are characterized by
having the perforate and crenulate tubercles and the ancestral family of the remaining
Holectypoids, are perhaps near the root of certain other irregular stocks as well:
and they were in turn derived from the stirodont regular ancestor, in spite of earlier
opinions that the Holectypids were of the Pygasterid derivation (LAMBERT and
THERY, 1914, p. 277 ;—HAWKINS, 1920, p. 453 ;—HAWKINS, 1943, p. 69). 5. The division
of the Cassiduloids into two orders, the Cassiduloida and Nucleolitoida, as proposed
by HAwKINS, and followed by DURHAM and MELVILLE (1957, pp. 259-260), is opposed
by later writers, such as KiIeEr (1962) and PHILIP (1963), because it was judged
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impractical since it necessitated separating only several genera that are very similar
-and related. They held a view that the orderof the Clypeastroids, as understood by
MORTENSEN (1948-c) and DURHAM (1955), to be a homogenous group of Holectypoid
-ancestry; and by the characters of the adapical termination of the interambulacra,
‘this is, the continuity or not of the interambulacra on the oral surface, and thé
position of the auricles, they divided this order into four well marked suborders; as
-did the senior (DURHAM, 1955) of the two authors. 6. DURHAM and MELVILLE (1957,
pp. 259, 260, 266) proposed the new order Holasteroida to embrace two suborders
Protosternata and Meridosternata of MORTENSEN’s usage on the reason that the char-
-acters of their apical system are of sufficient importance to unite them in an order
‘than to divide into two suborders.

This brief review should give an impression of how the systematic arrangement
and the classification of the Echinoidea differ in various authors, and how different
nomenclatures are devised for a group of different ranks. Among the classifications
-established hitherto, that of MORTENSEN with an emendation of DURHAM and MEL-
VILLE seems to be most reliable, although he stated in his great work (MORTENSEN,
1951, p. 573) that—* It was only clear to me that I could not accept any of the clas-
sification hitherto given in the literature, and my own classification was still in the
making ”. His material included the whole of Recent and fossil genera and subgenera,
and his classification is not based on a few, simple characters, but on nearly all the
-exceedingly numerous, diversified and complex skeletal structures, as well as the
larvae and the internal spicules. But the fact that so a large number of the genera
.and subgenera are fossil (in which the paleontologist has disadvantage of the neonto-
logist in that pedicellariae, internal spicules, well preserved microstructure of spines,
.as well as the -fact that the occurrence of such structures in place on the test in
fossil is uncommon), and thus only incompletely known, and there are so many gaps,
beside lack of materials, naturally causes some uncertainties here and there. Future
fortunate finds of necessary fossils, which clear up the uncertainties, and future
-embryological researches, which may prove the true genetic relations, may be expected
to consolidate the classification and the systematic arrangement of the great class of
‘the Echinoidea.

A NOTE ON TAXA OF THE ORDER-GROUP AND THEIR NAMES

As listed above, so many different nomenclatures have been tried for a rank
{group), particularly to a ordinal rank, of the Echinoidea by wvarious authors, e.g.,
LaMBERT’s Pileatoida LAMBERT (suborder) corresponds to MORTENSEN’s Holectypina
‘GREGORY, and LAMBERT’s both of Brachygnatha (order) and Globatoroida approxi-
mately correspond to MORTENSEN’s Echinoneina HAWKINS (suborder), that for the
use of these nomenclatures must be paid much caution. The International Code of
Zoological Nomenclature have no codification on the nomenclature of ranks higher
than the ordinal group. In considering the name to be used for order-group DURHAM
:and MELVILLE (1957, pp. 262-270), bearing in mind the recommondations published in
““Copenhagen Decision on Zoological Nomenclature”, have approved to use uniform
‘terminations for ordinal and subordinal names. They have used “-oida ”, by addition
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to the stem (base) of the name of the type-genus, for ordinal and “-ina” for subordinal
terminations, and systematically adjusted the ordinal names. The same format is
already being used by the writer (NisIYAMA, 1954) since several years.

The termination “-oida”, by addition to the stem of the name of the type-genus,
for ordinal rank has used, for many of the ordinal ranks of the Echinoidea, by DUNCAN,
‘GREGORY, H.L. CLARK, and MORTENSEN (e.g., Diadematoida DUNCAN, 1889-a, p. 24:
Lepidocentroida MORTENSEN, 1934, p. 162; 1935, p. 42); DUrRHAM and MELVILLE and
the writer, however, have used the uniform termination for all the oridinal ranks, as
they have seen that names formed from morphological characters are particularly
liable to cause inconvenience on account of the taxa they represent are so frequently
considered, with advances in taxonomic theory, to include unrelated forms. A difficulty,
however, lies in the name of the order Echinoida, the taxon of the writer (1954, p.
326) is an emended name from the suborder Echinina GREGORY (1900-b, p. 311), and
that of DUrRHAM and MELVILLE from MORTENSEN (after CLAUS, 1876). In forming
the suborder Echinina GREGORY simply ignored the characters of masticatory appa-
ratus and of pedicellariae, but he comprised the following families, e.g., Temno-
pleuridae, Triplechinidae, Strongylocentrotidae, and the Echinometridae ; these families,
with a few exceptions of some genera, are characterized by having the camarodont
teeth in the masticatory apparatus, and with the echinoid-type or its specialized
structure in ambulacral plates. Of these families, the Temnopleuridae are referred
to his suborder Temnopleurina by MORTENSEN in 1942. The Echinoida is a good
ordinal name for it stands in its proper position as the type-order of the class
Echinoidea, and likewise it has the type-family Echinidae GRAY of the inferior rank
as erected from the stem of the name of the type-genus Echinus.

The termination “-ina”, by addition to the stem (base) of the name of the type-
genus, for taxa of the family-group was already used in the Cidaroida by MORTENSEN
(i. e., Histocidarina MORTENSEN, 1928, p. 69). This use of termination nomenclature
already appeared a century ago in GRAY’s Catalogue (1955-a); in this work GRAY
used the following names, e.g., Clypeastrina, Rotulina and Fibularina (Fistularina, p.
27) under the family Scutellidae, Echinoneina under the family Galeritidae, Cassidulina
-and Echinobrissa under the family Echinolampadidae (Echinolampasidae), and Spatan-
gina and Brissina under the family Spatangidae. Although the rank of these names
in modern usage must be raised to subfamily, family, or even to suborder; the same
names were adopted by H.L. CLARK (1925-46), MORTENSEN (1928-51), DURHAM (1955)
and DURHAM and MELVILLE (1957) as the names of the suborders, e.g., Clypeastrina
GREGORY, 1900 (Clypeasterina A. AGAssiz, 1873), Echinoneina HAWKINS, 1925, Cas-
sidulina DELAGE and HEROUARD, 1903—HAWKINS, 1925 (the name itself becomes a
junior homonym of Cassidulina D'ORBIGNY, 1826), and Spatangina JACKSON, 1912,
become junior homonyms of GRAY’s names, respectively.

The writer has felt it appropriate to use termination ““ -oina”, by addition to the
stem (base) of the name of the type-genus, for subordinal rank, in accordance with
the termination of ordinal rank as well as to show the inferior, not as in the termi-
nation “-ina” as used by former authors, such as H.L. CLARK, MORTENSEN, and
‘DUrRHAM and MELVILLE. This format, thus, naturally causes the clear distinction
between taxa of the order-group and of the family-group or of the genus-group (e. g.,
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Arbacioina GREGORY, 1900, emended here—from Arbacina GREGORY, 1900-b, p. 307,
which was once rejected for a junior homonym of Arbacina POMEL, 1883 ; Cassiduloina
CrAus, 1880—Cassidulina CLAUS, 1880 (DELAGE and HEROUARD, 1903), non D’ORBIGNY,
1826; Scutelloina HAECKEL, 1896—Scutellina HAECKEL, 1896 (DURHAM, 1955), non L.
AGAsSIz, 1841). The application of this format almost of the names of important
suborders used in the works of H. L. CLARK, MORTENSEN, and DURHAM and MELVILLE
must be emended as follows.—

Original names Names emended
Diademina GREGORY, 1900. ... ..o vutnrtet e eeaaeaennn. Diadematoina
Holectypina GREGORY, 1900 .....oovrnntie i iaananns Holectypoina
Echinoneina HAWKINS, 1925.. ... .0ttt iiianans. Echinoneoina
Cassidulina CLAUS, 1880.......cviitiiit i iiie et Cassiduloina
Conoclypina ZITTEL, 1879 .. ..ot Conoclypoina
Clypeasterina A. AGASSIZ, 1873 .. .o, Clypeasteroina
Laganina MORTENSEN, 1948 .. ... .ottt Laganoina
Scutellina HAECKEL, 1896 ..........cooiiiiiiiiiiarieananans Scutelloina
Rotulina DURHAM, 1955 ... ..ottt iiiieeieeieans Rotuloina
Urechinina H.L. CLARK, 1925 ... ..0iiiiiiiiiiiiiiiiiiieenn. Urechinoina
Spatangina JACKSON, 1912.........cciiiiiiiniiniiieineannnns. Spatangoina

The writer also does not prefer the following names of suborders used in the
great monograph of MORTENSEN, e. g., the Calycina GREGORY, 1900 (1935, p. 301), the
Protosternata MORTENSEN, 1907 (1950-a, p. 6), the Meridosternata (LOVEN) MORTENSEN,.
(1950-a, p. 37), and the Amphisternata (LOVEN) MORTENSEN, 1907 (1950-a, p. 174),
because these names are formed from morphological characters in adjective noun,.
although they represent good characters for their groups, respectively.

ON THE KEY TO THE ORDERS AND SUBORDERS OF
THE CLASS ECHINOIDEA

On the entering into the review on the outline of classification and on the system-
atic arrangement of the Echinoidea in the foregoing paragraphs and giving a key to-
the higher ranks of the class, the writer has been perplexed by the fact that it is
not clear to him what would be the natural classification of the whole of this class,
as he had not been able to accept some points of the classifications hitherto given
in literature, and as his own classification being still in the going. But the writer
has been urged to give a brief survey and a short outline of the classification of the
whole class for the forthcoming description of the fossils, and the discussion on the
fauna in this work. The following key to the orders and suborders given by the
writer, of course, is not satisfactory to the writer himself because there are some
uncertainties here and there. But future researches on the fossils, and young stages
of Echinoids may be useful for verify and correcting errors to be discovered here and
there in this sketch of the system of the great class of the Echinoidea.

In his comprehensive and exhaustive survey of the whole class, MORTENSEN
recognized ten orders as listed above (except the Megalopoda MACBRIDE and SPENCER)
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grouped into two subclasses. MORTENSEN gave the excellent key to the orders of the
class Echinoidea, through his sound judgement and his extensive knowledge of the
class, three times in his great monograph; the first in the second volume (1935, p. 26)
he made a survey of key to all the orders so far as he thought it possible at that
time, before he had studied all of them throughly; the second, in volume 4, part 1
(1948-a, p. 8) a key to the orders of his Irregularia; and the third, at the end of the
Monograph (1951, p. 573) he gave a survey of the whole class. His key to the ten
orders and to the suborders and furthermore to the families and the genera is excel-
lent and sound, and shows considerable elaboration to guard against the perplexing
groups. MORTENSEN, however, hesitates the separation of forms with open ambulacral
furrows (i.e., Aulechinus BATHER and SPENCER) from the Lepidocentroids (Echino-
cystitids) with closed ambulacral furrows (i. e., Meekechinus JACKSON, 1912) as distinct
orders or suborders, or even distinct families. He described (1951, p. 574, foot-note)
as follows—* It might have been preferable to regard the forms with open ambulacral
furrows as a separate order. But the long delay in the publication of SPENCER’s (and
MACBRIDE’s) researches on these forms made it too awkward now to introduce this
division of the primitive Lepidocentroids (Echinocystitoids).” DURHAM and MELVILLE
(1957, pp. 249, 250) agree MORTENSEN in this view that they can find no satisfactory
basis for subdividing the former from the latter as distinct groups; they stated that
(1957, p. 244) the open radial groove said by MORTENSEN to be present in Myriastiches
(and in ?Aulechinus) does not exist. The great family of the Echinothuriids, which
are regarded by MORTENSEN as the surviving member of the Palaeozoic Lepido-
centroids, with two columns of plates in the interambulacra and well developed
auricles are clearly a separate stem from the Palaeozoic Lepidocentrids (Echinocysti-
tids) with usually pluriseriate plates in the interambulacra and without distinct
auricles, although the skeletal plates of the Echinothuriids are only loosely connected,
easily explains that finds of these forms are so rare; but the Jurassic Pelanechinus
KEEPING and the Cretaceous Echinothuria WOODWARD show the characters that they
clearly belong to the family of the Echinothuriids but not to the the Lepidocentroids,
as pointed out by DURHAM and MELVILLE (1957, pp. 250-251).

In their “ A Classification of Echinoids” DURHAM and MELVILLE (1957) recognized
seventeen orders (excepting the Bothriocidaroida and Megalopoda, but including two
new) in the class Echinoidea; they gave no key to the orders and suborders, but from
their excellent diagnoses given to each rank, the ordinal and subordinal characters
are clearly discriminated. They have elevated each of three suborders of the order
Stirodonta as used by MORTENSEN and two suborders of the Camarodonta to ordinal
rank by the reason that they might have been attained independently in diverse
stocks.

In comparing the classification of the class Echinoidea with that of other classes
of higher invertebrates of highly diverse and specialized forms (excepting the Insecta
of Arthropoda), e.g. Crustacea (from the Cambrian to Recent) of Arthropoda,
Cephalopoda (Cambrian to Recent) and Gastropoda (Cambrian to Recent) of Mollusca,
and Ophiuroidea (Ordovician to Recent) of Echinodermata, and with considering the
temporary span of main development, since the Jurassic Period, and main morpho-
genetic branches of the Echinoidea, the writer has come to infer that the number of
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ordinal ranks in the Echinoidea may be less than twenty, or even less. The writer
feels that the minor differences in the primitive Echinoids can not be so small as
hitherto thought, but considering their long geological range (e.g., the family of the
Echinocystitids range from the Lower Silurian to the Permian, almost three times as
long as the range of the family of the Glyphocyphids, and also ten times as long as
that of the family of the Echinometrids-of the specialized forms), and comparing the
minor differences to those of the short-lived and specialized forms, morphological
change in the primitive forms should be of a slow rate, because it can be assumed
that the differences in the primitive forms must have a significance in the morpho-
genetic development and in the classification of the class. But, unfortunately, as new
material of very rare forms of the primitive Echinoids has not been accessible to the
writer, the solution of this problem appears to be easily inaccessible to the writer
himself.

A key to the orders and suborders of the class Echinoidea, in the writer’s mind,
is as follows (emended from MORTENSEN’s, DURHAM and MELVILLE’s, and others).

1. Regular Echinoids with interambulacra of 1-14 columns; ambulacra of 2-20
column’s, without compound plates ; periproct within apical system ; perignathic
girdle cnly of apophyses, or none; teeth grooved; no branchial slits, no
sphaerida, no ophicephalous pedicellariae

Echinoids with interambulacra and ambulacra of two columns each; corona
generally rigid, rarely imbricating; periproct within or outside the apical
system; perignathic girdle of auricles, with or without apophyses, or absent
in adult; lantern with grooved or keeled teeth, or absent in adult; branchial
slits present, or absent in adult; sphaeridia present; ophicephalous pedicel-
lariae generally present :

2. Interambulacra of one or more than two, ambulacra of two or more; corona rigid,
but ambulacra level over interambulacra along adradial suture; base of corona
resorbed; genital plates present; tubercles imperforate; tubercles and spines
all small, of uniform size; peristome with ambulacral and some interradial
plates; lantern inclined; no perignathic girdle ................ Palaechinoida.

(Melonechinoida)

Twenty or more columns of plates; if more than 20, the coronal plates are always
imbricate, or not; tubercles and spines usually of various sizes, primaries
and secondaries; ambulacra continuing over the peristome, there being series
of plates between mouth and edge of peristome .............ccocvvveiinn 3

3. Corona imbricating, ambulacral plates imbricating adorally, interambulacral plates
adapically and over the ambulacrals along the adradial suture; primordial
ambulacral and interambulacral plates in basicoronal row ; genital plates pre-
sent; no perignathic girdle; primary radioles slender, without cortex layer;
lantern inclined .......ciiiniiiiiiii i e e e Echinocystitoida

(Lepidocentroida)

Interambulacra of two or four columns, and ambulacra of two; ambulacra narrow ;
corona rigid, or imbricating as in the Echinocystitoids; base of corona re-
sorbed; genital plates present; one large primary tubercle on each inter-
ambulacral plate; peristome with both ambulacral and interradial series of
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plates; perignathic girdle only of apophyses, or none; primary radioles with

a cortex layer; lantern generally erect.............. .o it Cidaroida
Lantern and perignathic girdle present in adult ; periproct within or outside apical
o 2] 1= o L e 5
Lantern, perignathic girdle, and branchial slits absent in adult; periproct outside
APICAl SYSEEIM .. v ettt e e 15
Teeth grooved or unkeeled; lantern erect; epiphyses not joining above the teeth
........................................................................ 6
Teeth keeled ... 8

Corona rigid or imbricating; periproct within or outside apical system; tubecles
perforate; perignathic girdle complete in adult; branchial slits in adult;
compound plates of diadematoid structure ordinarily present; symmetry of
corona approaching radial, never markedly bilateral .......... Diadematoida

Periproct within apical system; ambulacra with compound plates ............ 7

Periproct outside apical system; ambulacra without compound plates; corona
rigid ; tubercles smooth; genital peres four; axis of primary radioles solid (?)

................................................................ Pygasteroina
Corona rigid or imbricating; axis of primary radioles (usually) hollow; primary
tubercles crenulate; five genital pores ........................ Diadematoina

Corona rigid or flexible; axis of primary radicles solid when corona is rigid,
hollow when corona is flexible; tubercles smooth; genital pores five ........

............................................................ Echinothurioina
Corona regular, periproct with apical system ; ambulacra (generally) with compcund
Plat S . o it 9
Corona irregular, periproct outside apical system; ambulacra (generally) without
compPOoUNd PlateS ..ottt i e i e e e e e 12
Epiphyses not joining over the teeth; foramen open; lantern erect .......... 10
Epiphyses joining over the teeth; foramen closed; lantern erect.............. 11
Corona rigid; branchial slits present in adult; perignathic girdle complete in adult
................................................................ Arbacioida

Interambulacral plates with a single large tubercle, which is sometimes reduced
in size above the ambitus; ambulacra with compound plates of diadematoid
structure, often only in adoral region; primary radioles with solid axis and
a cortex layer; apical system with or without suranal plates .... Salenioina

(Hemicidaroina)

Interambulacral plates generally with more than cne smecth tubercle, but one only
in some forms; compound ambulacral plates ¢f diadematoid structure; primary
radioles usually with solid axis, with or without a cortex layer; no suranal
Plate o e Phymosomatoina

Compound ambulacral plates of arbacioid structure; primary tubercles imperforate,
smooth; periproct (always ?) covered by four or five large plates; primary
radioles with solid axis, cortex layer more or less developed; surface of corona
usually covered with an “epistroma”........courieevinnnennnnnen Arbacioina

Corona rigid; compound ambulacral plates of diadematoid or echinoid structure;
primordial interambulacral plates not persisting; primary radioles with solid
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26 1 Echinoida
Compound ambulacral plates of diadematoid or echinoid structure ; test sculptured
or not, if not then branchial slits sharp, more or less deep; primary radioles
with solid axis ..ot e Temnopleuroina
Compound ambulacral plates of echinoid structure; corona not sculptured; primary
tubercles imperforate, smooth; primary radioles with solid axis, without a
Fol0) o> G 2 =) o Echinoina
Lantern and perignathic girdle usually present in adult; apical system and
peristome usually approximately opposite ; primary tubercles usually perforate
and crenulate ; radioles hollow; branchial slits usually absent in adult.... 13
Lantern, perignathic girdle, and branchial slits absent in adult; apical system and
peristome rarely opposite; primary tubercles usually perforate, crenulate;
primary radioles hollows; floscelle present or not; interambulacra always
wider than ambulacra on oral surface..........cooiiiiiiiiiiiiieeen.. 15
Corona inflated; ambulacra not forming petals adapically, or phyllodes adorally,
with reduced plates; interambulacral ornament orderly ; ambulacra narrow on
oral surface ; lantern usually inclined ; teeth with lateral flanges..Holectypoida
Auricles radial in position; reduced plates in ambulacra; ornament orderly......
.............................................................. Holectypoina
Auricles interradial in position, or radial only when present in juveniles; reduced
plates in ambulacra; ornament orderly ................. ... ... Echinoneoina
Corona inflated or depressed; ambulacra petaleid adapically; no phyllodes or
bourrelets ; lantern strongly developed and persistent in adult ............ 14
Corona usueally with internal supports; apical system monobasal ; ambulacra wider
than interambulacra on adoral surface; secondary tube-feet often extending
outside ambulacra; lantern inclined, without compass; keeled teeth lacking
lateral flanges. . ...ooiii i e i Clypeasteroida
Auricles separate, radial in position; petals with complex structure and reduced
plates; interambulacra discontinuous on adoral surface, teminated by a pair
Of PlatES . vvt it e e Clypeasteroina
Auricles fused, interradial in position; petals with or without reduced plates;
interambulacra continuous on adoral surface, terminated adapically by a single
plate or a series of single plates ..., Laganoina
Auricle fused, interradial in position; corona depressed; no reduced plates in
ambulacra; interambulacra continuous or discontinuous on adoral surface,
terminated adapically by a pair of plates; ambulacral food-grooves present..
................................................................ Scutelloina
Auricles fused, interradial in position; corona depressed, posteriorly slightly to
strongly dentate or digitate; no reduced plates in ambulacra; posterior inter-
ambulacrum (5) continuous on adoral surface, others variable, all terminating

adapically in a series of single plates ............ ..ot Rotuloina
Plastron undifferentiated ; floscelle more or less developed .................... 16
Plastron feebly differentiated or highly specialized; no distinct floscelle ...... 17

Ambulacra petaloid adapically, with petals usually all similar; floscelle usually
developed ; apical system disparate or compact; apical system and peristome
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sometimes opposite; genital pores four; no fasciole ............ Cassiduloida
Lantern present in the juveniles, but resorbed completely before the adult stage
is reached ; ambulacra petaloid adapically .........c....ooiittn Cassiduloina
Lantern present even in adult stages; ambulacra petaloid adapically; auricles
interradial in pPoOSition ..........ciiiiiiiiiii e Conoclypoina
Lantern absent in adult stages; petals lacking, and adapical ambulacral plates with
SINGlE POTES .+ttt ittt et e e e Neolampadoina

17. Ambulacra more or less petaloid adapically or quite rudimentary; apical system
never to opposite peristome or sometimes opposite; no branchial slits; no
bourrelets; fascioles often present..............oiiiiiiiiinnn. Spatangoida

Plastron of primary, simple, primitive structure, very small not differentiated
labrum meeting at its posterior end joining two not specialized sternal plates;
apical system elongate or disjunct; no distinct fasciole.......... Collyritoina

Plastron meridosternous (labrum joining at its posterior end only a single plate
no. 2); fasciole of irregular occurrence; apical system generally elongate or
disjunct; petals, when present, not impressed .................. Urechinoina

Plastron amphisternous (labrum joining at its posterior end two large sternal
plates, equally, or nearly equally, developed); apical system compact, never
opposite to peristome; petals usually impressed, not all similar; fascioles
usually present .......iuiniiiiiiii i i i it Spatangoina

It seems to the writer that no clear-cut division into two subclasses (the Regularia

(Endocycloida)—the periproct within the apical system and the Irregularia (Endo-

cycloidea)—the periproct outside the apical system in the posterior interambulacrum

(5)), in the class Echinoidea, is possible. The distinction between the two subclasses

is somewhat arbitrary and practical, because in some Regularia (i.e., Acrosalenia

AcGassiz and Pygaster AGASSIz) the periproct is just barely within or outside the

ring, and in some primitive Irregularia (i.e., Galeropygus COTTEAU) it lies scarcely

outside. From such a difference in the features to erect the higher rank like subclass
superior to order appears peculiar and is inacceptable to the writer. It also follows
that the division of the so-called Irregularia into two superorders, viz, Gnathostomata

(roughly corresponding to the Holectypoida and Clypeasteroida) and Atelostomata

(Cassiduloida and Spatangoida) is unnecessary.

TYPES IN THE GENUS-GROUP

The kinds and their names of type-species (ICZN, 1961, p. 63), which the writer
intends to use here, are followed, chiefly what have been used by the writer himself
(1937, pp. 47-60) and IREDALE (1939, pp. 209-425) : they are—

Orthotype: (ICZN, 1961, Article 68 (a))—(Type by original designation).

Example: Genus Hemicentrofus MORTENSEN, 1942
Hemicentrotus MORTENSEN, 1942, p. 231.
Orthotype.—Psammechinus pulcherrimus A. AGASSIZ, 1863-a, p. 357
(Hakodate Bay, Japan).
Haplotype: (ICZN, 1961, Article 68 (c))—(Type by monotypy at the time).
Example: Genus Scaphechinus A. AGAasSiz, 1863
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Scaphechinus A. AGASSIz, 1863-a, p. 359.
Haplotype.—Scaphechinus mirabilis A. AcAassiz, 1863-a, p. 359 (Hako-
date Bay, Japan).
Tautotype: (ICZN, 1961, Article 68 (d))—(Type by absolute tautonomy).
Example: Genus Laganum (KLEIN) LINK, 1807
Laganum LINK, 1807, p. 161.
Tautotype.—Laganum petaloides LINK, 1807, p. 161.=FEchinodiscus
laganum LESKE, 1778, p. 140, pl. 22, fig. C (Indian Ocean).
Logotype: (ICZN, 1961, Article 69 (a))—(Type by subsequent designation—the
designator is enclosed in brackets after the citation of type-species).
Example: Genus Holaster L. AGAssiz, 1836
Holaster L. AGAssiz, 1836, p. 16 (183).
Logotype.—Spatangus nodulosus GOLDFUSS, 1829, p. 149, pl. 45, fig. 6
(Cenomanian of Germany). ([Savin, 1905, p. 37 (173)].

HISTORICAL SKETCH OF THE FO0SSIl. ECHINOIDS FROM JAPAN
AND ADJACENT REGIONS

Although the number of fossil Echinoids hitherto described and illustrated from
Japan and the adjacent regions is small, yet there are several interesting and important
forms amongst them. Paleontological studies on the fossils from those regions are
considerably backward from the studies of the Recent forms, and it was probably
not later than the later half of the nineteenth century that the fossils from these
regions began to communicated by the scientists.

The species which have been described and illustrated from Japan and the adjacent
regions as fossil are given in the following list in the order of dates of pﬁblication,
together with their respective localities, geological ages, and original names.

1. The first work to make its appearance was a notice of Cidarid spines in the
description of the geology of Japan by two German authors: NAUMANN and NEUMAYR
(1890, pp. 1-45).

Cidaris cf. grandifera GoLDF. Tosa, Cretaceous
Cidaris (new species) Tosa, Cretaceous

2. Several years later JiMBO (1894) described a Spatangoid from Hokkaido.

Ananchytidium sp. Hokkaido, Cretaceous

3. The important werks of TOKUNAGA (formerly YOSHIWARA) began to appear
somewhat later, and the first paper on the fossil was entitled “On some Fossil
Echinoids of Japan” (1899).

Astriclypeus integris, n. sp. Kai, Miocene
Linthia nipponica, n. sp. Shinano, probably Pliocene
Schizaster recticanalis, n. sp. Kaga, Pliocene

4. DE LorioL described six fossil species from Japan in 1902.
Salenia (Pleurosalenia) hakkaidoensis, n. sp. Hokkaido, Tertiary
Ilarionia yoshiwarai, n. sp. Bonin Islands, Eocene

Echinolampas yoshiwarai, n. sp. Kazusa, Pliocene
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Toxaster tosaensis, n. sp. Tosa, Cretaceous
Prenaster boninensis, n. sp. Bonin Islands, Eocene
Hypsospatangus japonicus, n. sp. Hokkaido, Neogene

5. The most important work on the fossil Echihoids from Japan by TOKUNAGA
appeared in 1903.

Salenia (Pleurosalenia) hakkaidoensis LorioL Yibari coal-field, probably Pliocene
Coptosoma crenulare (A. AGAssIz) Sagami, Pliocene

Temnopleurus toreumaticus (KLEIN) Tokyo, Diluvium

Fibularia acuta YOSHIWARA Tokyo, Diluvium

Clypeaster testitudinarius (GRAY) Okinawa, Diluvium

Laganum decagonalis (LESSON) Tokyo and Shimdsa, Diluvium

Laganum fudsiyama DODERLEIN Sagami, Pliocene

Echinarachnius mirabilis (BARN) Hitachi, Tokyo, and Shimésa, Diluvium
Echinarachnius parma (LAMARCK) Etchd, Echigo, and Sado Island, Neogene Tertiary
Echinodiscus formosus YOSHIWARA Formosa, Miocene

Astriclypeus integer YOSHIWARA Kai, Formosa, and Rytkya Islands, Miocene
Pygurus asiaticus TOKUNAGA Tosa, probably Cretaceous

Echinolampas yoshiwarai LorioL Kazusa, Pliocene

Toxaster tosaensis LORIOL Tosa, Cretaceous

Linthia nipponica YOSHIWARA Kaga, Shinano, Hitachi, Uzen, and Ugo, probably Pliocene:
Schizaster nummuliticus TOKUNAGA Bonin Islands, Eocene

Prenaster boninensis LORIOL Bonin Islands, Eocene

Hypospatangus japonicus LorIOL Hokkaido, Neogene Tertiary

Brissopsis luzonica (GRAY) Iwaki, Neogene Tertiary

Cidaris sp. Tosa, probably Cretaceous
Pseudocidaris sp. Tosa, probably Cretaceous
Pseudocidaris sp. Tosa, probably Cretaceous
Cidaris sp. Musashi, Jurassic or Cretaceous
Cidaris sp. Musashi, Jurassic or Cretaceous
Cidaris sp. Tosa, probably Cretaceous

6. TOKUNAGA reported the following species from the Pleistocéne of Tokyo in
1906.

Temnopleurus toreumaticus (KLEIN) Tokyo, Diluvium
Fibularia acuta YOSHIWARA Tokyo, Diluvium
Laganum decagonalis (LESSON) Tokyo, Diluvium
Echinarachnius mirabilis (BARN) Tokyo, Diluvium

7. LAMBERT and THIERY in their “ Essai de nomenclature raisonnée des Echinides,
fasc. 1-9, 1909-1925) enumerated a large number of genera and species known to the
science at that time, and reviewed (sometimes revised) genera and even species, but
at the same time they changed a number of the old familiar names to those that are
not acceptable by many authors. The fossil species from Japan and the adjacent
regions in their literature is as follows.

Salenia hakkaidoensis DE LorIOL Eocene

Lobophora formosa (YOSHIWARA) Miocene
Astriclypeus integer YOSHIWARA Pliocene
Echinopygus asiaticus (TOKUNAGA) Cenomanian
Ilarionia yoshiwarai DE LORIOL Eocene
Echinolampas yoshiwarai DE LoRIOL Miocene
Niponaster hokkaidensis LAMBERT, n. sp. Cretaceous
Nordenskjoldaster tosaensis (DE LoRIOL) Cretaceous
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Aphelaster tosaensis (DE LorioL) (same the above)
Pharaonaster japonicus (DE LoORIOL) Tertiary

Prenaster boniensis DE LoRIOL Eocene

Linthia nipponica YOSHIWARA Pliocene

Linthia tokunagai LAMBERT, n. sp. Pliocene

Schizaster (Brachybrissus) recticanalis YOSHIWARA Miocene
Schizaster (Brisaster) nummuliticus TOKUNAGA Eocene

8. NAGAO (1928) described three species of fossil Echinoids»derived from the
-coal-fields in Ky{shd, describing together a large number of other invertebrate fossils
‘in his great work “ Palaeogene Fossils of the Island of Kyushu”.

Scutella nipponica, n. sp. Chikuzen, Oligocene

Echinodiscus chikuzenensis, n. sp. Chikuzen, Oligocene
Linthia praenipponica, n. sp. Chikuzen, Oligocene

9. NisivAMA (formerly AOKI) (1935) described three species of fossil Echinoids
-derived from the Miocene formation of Northeast Japan, with addition of a synopsis
-of the Scutellids.

Astriclypeus manni ambigenus, subsp. nov. Tsugaru, Miocene
Echinolampas yoshiwarai pE LorioL, var. Tsugaru, Miocene
Moira obesa, sp. nov. Tsugaru, Miocene

10. NisrvyAMA (1936) reported the occurrence of an interesting and rare Echinoid
‘in the Pleistocene of Yokohama City.

Temnotrema rubrum (DODERLEIN, 1885) Tsurumi, Pleistocene

11. NisiyAMA (1937-a) described a new species of Sismondia from the Oilgocene
-of the islands of Bonin.

Sismondia convexa, sp. nov. Bonin Islands, Oligocene

12. OTUKA (1938) described a subspecies of Echinoid from the Miocene of Shizuoka
Prefecture, describing together with other fossils.

Laganum fudsiyama tokunagai, subsp. nov. Kanbara, Miocene

13. NisivyaMA (1940) in his “On the Japanese species of Echinarachnius”, dis-
-criminated the following species occurred as fossil in Japan and the adjacent regions.

Echinarachnius (Kewia) nipponicus (Nacao, 1928) Chikuzen, Oligocene
Echinarachnius (Kewia) parvus, n. sp. Sakhalin, Oligocene

Echinarachnius (Kewia) elongatus, n. sp. Sakhalin, Miocene

Echinarachnius (Echinarachnius) microthyroides, n. sp. Mutsu, Mio-Plioocene
Echinarachnius (Echinarachnius) laganolithinus, n. sp. Ugo, Pliocene

Echinarachnius (Scaphechinus) mirabilis (A. Acassiz, 1863) Tokyo, Shimdsa, Kazusa,
and Hitachi, Pleistocene ; Formosa, Pliocene

Echinarachnius (Scaphechinus) griseus MORTENSEN, 1927  Kazusa, Pleistocene

14. HAvAsAkKA and MORISHITA (1947) reported fossil species of Clypeaster from
Taiwan (Formosa) as the first Note of “ Notes on some Fossil Echinoids of Taiwan”
‘in their “ Fossil Species of Clypeaster from Taiwan”.

Clypeaster japonicus DSDL. Formosa and Tokuno-shima. Pleistocene
Clypeaster japonicus DopL. subsp. plana, nov. Formosa, Pleistocene
Clypeaster japonicus DODL. subsp. alta, nov. Formosa, Pleistocene

Clypeaster cf. deserti KEw Formosa, Pliocene
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Clypeaster colloti LAMBERT Formosa, Pliocene
Clypeaster cf. reticulatus (LINNE) Tokuno-shima, Pleistocene

15. HavasakA and MORISHITA (1947-a) reported the following species from
‘Formosa.

Echinarachnius (Scaphechinus) mirabilis (A. AcAssiz) Formosa, Pliocene
Laganum aff. boschi (R. MARTIN) Tokuno-shima, Pleistocene

Peronella cf. decagonalis A. Acassiz Formosa, Pliocene

Peronella (Peronellites) ovalis, sp. nov. Formosa, Miocene

Echinolampas sp. indet. Formosa, Miocene

Echinolampas (Miolampas) depressus GRAY Tokuno-shima, Pleistocene

16. HAvASAKA (1947) in his “ Notes on Some fossil Echinoids of Taiwan”,
-enumerating the following species from Formosa.

Clypeaster aff. humilis (LESKE) Formosa, Pliocene
Astriclypeus integer YOSHIWARA Formosa, Miocene
Astriclypeus manni VERRILL Formosa, Pliocene
Breynia cordata, sp. nov. Formosa, Pliocene
Breynia testudinaria, sp. nov. Formosa, Pliocene

17. NisiyAMA (1948) described an interesting fossil Echinoid from the Mio-
Pliocene (Suenomatsuyama) formation of Mutsu Province, Northeast Japan.

Astrodapsis nipponicus, n. sp. Mutsu, Mio-Pliocene

18. HAvAsAkKA (1948-a) described and enumerating the following species from
Formosa.

Porosoma sp. indet. Formosa, Pliocene

Echinolampas jackemonti D’ARCHIAC et HAIME Formosa, Miocene
Echinolampas concavus, sp. nov. Formosa, Miocene

Linthia taiwanensis, Sp. nov. Formosa, Miocene

Sinaechinus kawaguchii, sp. nov. Formosa, Miocene
Schizaster (?Paraster) taiwanicus, Sp. nov. Formosa, Eocene
Schizaster (?Paraster) sp. indet. Formosa, Eocene

Moira obesa NisiyAMA Formosa, Miocene

?Moira sp. Formosa, Miocene

Moiropsis depressa, sp. nov. Formosa, Miocene

Brissus sp. indet. « Formosa, Pleistocene

Brissus sp. indet. Formosa, Pleistocene

Breynia carinata p’ARcHIAC et HAIME Formosa, Miocene

19. MoORISHITA (1950) reported fossil Echinoids derived from the Neogene deposits
-developed in Ishikawa and Toyama Prefectures.

Astriclypeus manni VERRILL Toyama and Ishikawa, Miocene

Echinarachnius parma (LAMARCK) Toyama, Pliocene

Echinarachnius (Scaphechinus) mirabilis (AGAsSIZ) Ishikawa and Toyama, Pliocene
Echinarachnius (Scaphechinus) mirabilis tenuis YOSHIWARA Ishikawa, Pliocene
Echinarachnius (Echinarachnius) microthyroides NisiyAMA Toyama, Pliocene

Echinarachnius tsudai, sp. nov. Ishikawa, Pliocene
Echinarachnius ishiot, sp. nov. Toyama, Pliocene
‘Clypeaster virescens DODERLEIN Ishikawa, Pliocene
Clypeaster sp. indet. Toyama, Pliocene

Echinolampas yoshiwarai LorioL Ishikawa, Pliocene
.Linthia nipponica YOSHIWARA Toyama, Pliocene
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Schizaster sp. indet. Toyama, Miocene

Schizaster recticanalis YOSHIWARA Ishikawa and Toyama, Miocene
Eupatagus (Brissoides) sp. Toyama, Miocene

Cidaris sp. a Toyama, Pliocene

Cidaris sp. b Ishikawa, Pliocene

20. NisiyaMA (1950) described two species of the Toxasteridae, one of the families
of the Spatangoids, from the Cretaceous of Japan.

Heteraster nexilis NISIYAMA, n. sp. Shikoku, Cretaceous
Washitaster (?) macroholcus NISIYAMA, n. sp. Kii, Cretaceous

21. NisivyaMa (1950-a) described four species of Cretaceous Echinoids from Miyako.
district, Northeast Japan.

Pseudocidaris simulans NisiyAMA, n. sp. Miyako, Cretaceous

Goniopygus atavus NISIYAMA, n. Sp. Miyako, Cretaceous

Holectypus (Caenholectypus) peridoneus NisiyAaMA, n. sp. Miyako, Cretaceous
Holaster clypeatulus NisIyAMA, n. sp. Miyako, Cretaceous

22. MINATO (1950) described a fossil species of Linthia from the Palaeogene
deposits of Hokkaido.

Linthia yessoensis MINATO, n. Sp. Northeastern part of Ishikari coal-field, Hokkaido,
Palaeogene

23. Nisiyama and HAsHIMOTO (1950) described a species of Echinarachinus from
the Tertiary of Hokkaido.

Echinarachnius subtumidus NisiyaMa and HASHIMOTO, n. sp. Teshio, Hokkaido, Miocene

24. NisiyaAMA (1951) described a fossil species of Scaphechinus from the Miocene
formation of Northeast Japan.

Echinarachnius (Scaphechinus) raritalis NISIYAMA, n. Sp. East of Akita City, Miocene

25. MORTENSEN, in his great monographic work “ A Monograph of the Echinoidea,.
vols. 1-5, 1928-51 ”, discussed and reviewed the following species occurred as fossil
from Japan and the adjacent regions.

Cidarid spine (Pseudocidaris sp. of TOKUNAGA) Tosa, probably Cretaceous

Temnotrema rubrum (DODERLEIN) Tsurumi, Pleistocene

Clypeaster japonicus clypeus DODERLEIN (Clypeaster japonicus plana HAYASAKA &
MORISHITA) Formosa, Pleistocene

Clypeaster japonicus excelsior DODERLEIN (Clypeaster japonicus alta HAyAasaKa &
MORISHITA) Formosa, Pleistocene

Echinarachnius elongatus NISIYAMA Sakhalin, Miocene

Echinarachnius nipponicus (NAGAO) Chikuzen, Oligocene

Echinarachnius laganolithinus NisiyAMA Ugo, Pliocene

Scaphechinus griseus (MORTENSEN) Kazusa, Pleistocene

Niponaster hokkaidensis LAMBERT Hokkaido, Cretaceous

Pharaonaster japonicus (DE LORIOL) Hokkaido, Tertiary

Aphelaster? tosaensis (DE LoRrioL) Tosa, probably Cretaceous

Breynia cordata HAYASAKA Formosa, Pliocene

Breynia testudinaria HAYASAKA Formosa, Pliocene

Linthia nipponica YOSHIWARA Shinano, Pliocene

Linthia tokunagai LAMBERT Shinano, Pliocene

Sismondia convexa NISIYAMA Bonin Islands, Oligocene
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Peronella (Peronellites) ovalis HAyAsaka & MORISHITA? Formosa, Miocene
Astrodapsis nipponicus NISIYAMA Mutsu, Mio-Pliocene

Heteraster nexillis NisiyaAMA Shikoku, Cretaceous

Washitaster? macroholcus NislYAMA Kii, Cretaceous

Goniopigus atavus NISIYAMA Miyako, Cretaceous

Pseudocidaris simulans NISIYAMA Miyako, Cretaceous

Caenholectypus peridoneus (NISIYAMA) Miyako, Cretaceous

Holaster clypeatulus NisiyAMA Miyako, Cretaceous

26. DURHAM (1952-b) re-examined and redescribed a species formerly assigned to
Astrodapsis from Japan.

Nipponaster nipponicus (NISIYAMA) Mutsu, Mio-Pliocene

27. HAYASAKA and SHIBATA (1952) described a species of Echinarachnius from
the Miocene deposits of Hokkaido. )

Echinarachnius rumoensis HAYASAKA & SHIBATA, n. Sp. Teshio, Hokkaido, Miocene

28. MORISHITA (1952) described a new subspecies of Astriclypeus manni VERRILL
from the Miocene deposits of Central Japan.

Astriclypeus manni minoensis MORISHITA, subsp. nov. Gifu, Miocene

29. Havasaka (1953) reported an occurrence of an interesting Echinoid from the
Pliocene of Formosa.

Faorina chinensis GRAY? Formosa, Pliocene

30. MoRISHITA (1953) reported the occurrence of the Palaeopneustid Echinoids in
Japan.

Palaeopneustes cf. cristatus A. Acassiz Niigata, Pliocene
Archaeopneustes cf. hystrix (A. AGassiz) Shizuoka and Miyazaki, Pliocene

31. MoRISHITA (1953-a) reported the following fossil Echinoids from Nagano
Prefecture, Central Japan.

Sismondia naganoensis, sp. nov. Nagano, Miocene
Echinarachnius microthyroides NisiyYAMA Nagano, Pliocene
Echinarachnius naganoensis, sp. nov. Nagano, Pliocene
Linthia nipponica YOSHIWARA Nagano, Pliocene
Schizaster kinasaensis, sp. nov. Nagano, Pliocene
Schizaster sp. indet. Nagano, Miocene

32. MORISHITA (1953-b) reported four fossil Echinoids from Gifu Prefecture,
Central Japan.

Echinocyamus crispus MAZZETTI Gifu, Miocene

Astriclypeus manni VERRILL Gifu, Miocene

Astriclypeus manni minoensis MORISHITA Gifu, Miocene
Schizaster sp. indet. Gifu, Miocene

33. MORISHITA (1954) reported a fossil Brissus from the Pleistocene of Rylky(
Islands.

Brissus latecarinatus LESKE Ishigaki-jima, Pleistocene

34. MORISHITA (1954-a) reported the Tertiary Echinoids from the Environs of
the Ise-Bay, Central Japan.
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Echinocyamus crispus MAZZETTI Gifu Pref., Miocene
Echinarachnius brevis IKEDA Gifu and Aichi Pref., Miocene
Astriclypeus manni VERRILL Gifu Pref., Miocene

Astriclypeus manni minoensis MORISHITA Gifu Pref., Miocene
Linthia nipponica YOSHIWARA Mie, Aichi and Gifu Pref., Miocene
Schizaster sp. Gifu Pref., Miocene

35. TaNakA and OKUBO (1954) described the following fossil Echinoids from the-
Palaeo-Cretaceous formations of Japan.

Washitaster barremicus, sp. nov. Kii, Barremian

Washitaster japonicus, sp. nov. Yatsushiro, Albian

Washitaster macroholcus NisiyaAMa Kii, Barremian

Enallaster cf. obliguatus CLARK Yatsushiro and Kii, Albian and Barremian
Enallaster yuasensis, sp. nov. Kii, Barremian

Enallaster cf. bohmi LorioL Kii and Yatsushiro, Albian and Barremian
Enallaster cf. nexillis (Nisiyama) Kii, Barremian

36. COOKE (1954) described the Pliocene Echinoids from the lewer part of the-
Ryukyu limestone develeped in the Islands of Okmawu

Cidaris metularia (LAMARCK) Uza, Pliocene
Cidaris sp. Maeta, Pliocene :

Temnopleurus toreumaticus (LESKE) varieties Unten, Pliocene
Temnotrema sculptum A. AGassiz Naha, Pliocene

Lytechinus okinawa CooKE, n. sp. Shima-unten, Pliocene

Echinoneus cyclostomus LESKE Naha-ko, Pliocene

Clypeaster okinawa CooKE, n. sp. Ishikawa, Pliocene

Clypeaster japonicus DODERLEIN Naha, Pliocene

Peronella pellucida DODERLEIN Quarry south of Highway 5, Pliocene
Peronella kamimura COOKE, n. sp. Naha, Pliocene

Peronella motobu CooKE, n. sp. Quarry east of Route 124, Pliocens
Peronella merrilli ISRAELSKY Kerabaru, Pliocanz

Laganum fudsiyama untenensis COOKE, n. subsp. Unten, Pliocene
Astriclypeus sp. Geochi, Pliocene

Oligopodia okinawa COOKE, n. sp. Gushichan, Pliocene

Schizaster excavatus R. MARTIN Imatomari, Pliocene

Brissus sp. Yonamine, Pliocene

Breynia carinata »’ArRcHIAC & HAIME Nakaosu and Unten-ko, Pliocene

37. MORISHITA (1955) discriminated the following species of Echinarachnius occur
as fossil in Japan.

Echinarachnius nipponicus (NAGAO) Fukuoka Pref., Oligocene

Echinarachnius microthyroides NistyAMA Iwate and Toyama Pref., Miocene; Nagano
Pref., Pliocene

Echinarachnins subtumidus NisivyAMA & HASHIMOTO Rumoe City, Hokkaido, Miocens

Echinarachnius rumoensis HAyAasaka & SHIBATA Rumoe City, Hokkaido, Miocene

Echinarachnius minoensis (MORISHITA) Nagano, Gifu, Aichi, Kyoto, Yamaguchi and
Nara Pref., Miocene

Echinarachnius parma (LAMARCK) Toyama and Niigata Pref., Pliocene

Echinarachnius mirabilis (A. AcAssiz) Ishikawa and Toyama Pref., Pliocene; Chiba,.
Kanagawa, and Ibaragi Pref., and Tokyo City, Pleistocene

Echinarachnius laganolithinus NisivamMa  Akita Pref., Pliocene

Echinarachnius tsudai MorisHiTA  Ishikawa Pref., Pliocene

Echinarachnius ishioi MORISHITA Toyama Pref., Pliocene

Echinarachnius naganoensis MORISHITA Nagano and Niigata Pref., Pliocene
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Echinarachnius mirabilis tenuis YOSHIWARA Ishikawa Pref., Pliocene
Echinarachnius griseus MORTENSEN Chiba Pref., Pleistocene

38. MORISHITA (1955-a) reported an occurrence of the Cretaceous Echinoid from

the Island of Awaji.

Niponaster hokkaidensis LAMBERT Awaji, Cretaceous

39. DurHAM (1955), in his “ Classification of Clypeastroid Echinoids”, discussed

and illustrated the following fossil Clypeastroids from Japan, Sakhalin, and Formosa.

of

Peronellites ovalis (HAyasaka & MORISHITA) Formosa, Miocene
Echinarachnius microthyroides NiSIYAMA Japan, Mio-Pliocene
Echinarachnius laganolithinus NISIYAMA Japan, Pliocene
Echinarachnius parma sakhalinensis ARGAMAKOVA Sakhalin, Pliocene .
Echinarachnius subtumidus NisivyamMa & HASHIMOTO Japan, Mioc_ené—
Kewia parva (NisiyAMA) Sakhalin, Oligocene

Kewia elongata (NISIYAMA) Sakhalin, Miocene

Kewia nipponica (NAGAO) Japan, Oligocene 1
Pseudoastrodapsis nipponicus (NISIYAMA) Japan, Mio-Pliocene

Astriclypeus manni ambigenus NISIYAMA Japan, Miocene

40. MORISHITA (1956) described six fossil Echifoids from the Tertiary formations
Kyushu.

Echinodiscus chikuzenensis NAGAO Miyazaki and Fukuoka Pref., Oligocene
Palmeraster joponicus, n. sp. Fukuoka Pref., Oligocene

Nudobrissus sp. Fukuoka Pref., Oligocene

Pericosmus cf. spatangoides LorioL Nagasaki Pref., Oligocene

Linthia praenipponica NAGAO Nagasaki Pref., Oligocene

Schizaster miyazakiensis, n. sp. Miyazaki Pref., Miocene

41. MORISHITA (1957) described fossil species of the genera Brissopsis and Eupa-

tagus from Japan.

Brissopsis makiyamai, n. sp. Aomori, Toyama, Wakayama, and Yamaguchi Pref., Miocene
Eupatagus nipponicus, n. sp. Toyama Pref., Miocene

42. COOKE (1957) described the following species from the Miocene Tagpochau

limestone development in the Islands of Saipan, Mariana Islands.

Parasalenia marianae CooKE, n. sp. Northwest-central Saipan, Miocene
Echinostrephus saipanicum COOKE, n. sp. Northeast-central Saipan, Miocene
Acanthocidaris sp. East-central Saipan, Miocene

Heterocentrotus sp. East-central Saipan, Miocene

Echinoneus sp. Northeast-central Saipan, Miocene

Clypeaster saipanicus COOKE, n. sp. East-central Saipan, Miocene

Sismondia polymorpha DUNCAN & SLADEN? Northwest-central Saipan, Miocene
Paraster saipanicus COOKE, n. sp. Northwest-central Saipan, Miocene
Echinolampas sp. South-central Saipan, Miocene

43. 0zAKI (1958) reported two species of the Echinoids from the Neogene forma-

tions of the Ty0si (Chdsi) district, Central Japan, in association with a number of
other fossils.

Brisaster owstoni MORTENSEN, 1950 Tioka formation, Pliocene
Strongylocentrotus? octoporus Nistyama (MS) Na-arai formation, Pliocene

44, SAI1TO (1959) described a new species of Niponaster from the Cretaceous.
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formation of Nakaminato City, Central Japan.
Niponaster nakaminatoensis, n. sp. Nakaminato formation, Cretaceous

45. MORISHITA (1960), in his “Check List of the Japanese Tertiary Echinoids ”,
enumerated the Japanese Tertiary Echinoids, published and unpublished, with their
localities and geological horizons; they are—

Salenocidaris hokkaidoensis (LorioL) Hokkaido, Miocene

Salenocidaris sp. Yamagata Pref., Miocene

Salenia novemprovincialis Nisryama (MS) Nagasaki Pref., Oligocene

Salenia (Pleurosalenia) hokkaidoensis LoRriOL Hokkaido, Pliocene

Coelopleurus sp. (NISIYAMA) Shizuoka Pref., Miocene

Brochopleurus sp. (NISIYAMA) Chiba Pref., Miocene

Erbechinus sp. (Nisivama) Shizuoka Pref., Miocene

Pseudocentrotus stenoporus Nistyama (MS) Shizuoka Pref.,-Miocene

Allocentrotus japonicus Nisiyama (MS) Chiba Pref., Pliocene

Echinometra sp. (NISIYAMA) Miyagi Pref., Miocene

Echinoneus cyclostomus LESKE Wakayama Pref., Miocene

Echinanthus sp. (NISIYAMA) Miyagi Pref., Miocene

Echinolampas yoshiwarai LorioL Hokkaido ; Aomori, Akita, Yamagata, Miyagi, Niigata,
Ishikawa, and Chiba Pref., Miocene and Pliocene

Clypeaster virescens DODERLEIN Ishikawa Pref., Pliocene

Echinocyamus crispus MAzZZETTI Gifu Pref., Miocene

Laganum fudsiyama DODERLEIN Kanagawa Pref., Pliocene

Laganum fudsiyama tokunagai OTUKkA  Shizuoka Pref., Miocene

Echinarachnius ishioi MORISHITA Toyama Pref., Pliocene

Echinarachnius laganolithinus NiISIYAMA Akita and Toyama Pref., Pliocene

Echinarachnius microthyroides NisIYAMA Iwate, Toyama, Nagano, and Aichi Pref.,
Miocene

Echinarachnius minoensis MORISHITA Iwate, Toyama, Nagano, Aichi, Gifu, Kyoto, Nara,
and Yamaguchi Pref., Miocene

Echinarachnius mirabilis (A. AGassiz) Aomori, Toyama, Ishikawa, and Ibaraki Pref.,
Pliocene

Echinarachnius mirabilis tenuis YOSHIWARA Ishikawa Pref., Pliocene ‘

Echinarachnius naganoensis MORISHITA Niigata and Nagano Pref., Pliocene

Echinarachnius nipponicus (NAGAO) Fukuoka Pref., Oligocene

Echinarachnius parma (LAMARCK) Akita, Ibaraki, Niigata, and Toyama Pref., Pliocene

Echinarachnius raritalis Ni1siyAMA Akita Pref., Miocene

Echinarachnius rumoensis HAYASAKA & SHIBATA Hokkaido, Miocene

Echinarachnius subiumidus NisiyaMA & HasHIMOTO Hokkaido, Miocene

Echinarachnius tsudai MORISHITA Ishikawa Pref., Pliocene

Echinarachnius sp. Hokkaido, Oligocene
Echinarachnius sp. Yamagata Pref., Miocene
Echinarachnius sp. Shizuoka Pref., Pliocene

Pseudoastrodapsis nipponicus (NISIYAMA) Iwate Pref., Miocene
Echinodiscus chikuzenensis NAGAO Miyazaki and Fukuoka Pref., Oligocene
Astriclypeus integer YOSHIWARA Yamanashi and Shizuoka Pref., Miocene
Astriclypeus manni VERRILL Hokkaido ; Iwate, Miyagi, Gifu, Niigata, Toyama, Ishikawa,
Fukui, Wakayama, Shimane, Okayama, and Hiroshima Pref., Miocene
Astriclypeus manni ambigenus NISIYAMA Aomori and Akita Pref., Miocene
Astriclypeus manni minoensis MORISHITA Gifu Pref., Miocene
Palaeopneustes cf. cristatus A. AGAssiz Niigata Pref., Pliocene
Palaeopneustes cf. fragilis DE MEIJERE Chiba Pref., Pliocene
Palaeopneustes periturus Nisivyama (MS) Chiba Pref., Pliocene
Palaeopneustes psoidoperiodus Nisiyama (MS) Fukushima Pref., Pliocene
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Palaeopneustes splendus Nisiyama (MS) Ishikawa Pref., Pliocene

Archaeopneustes cf. hystrix (A. AGAassiz) Shizuoka and Miyazaki Pref., Pliocene

Pharaonaster japonicus (LorioL) Hokkaido, Neogene

Palmeraster japonicus MORISHITA Fukuoka Pref., Oligocene

Hypsopatagus japonicus LoRrIoL Hokkaido, Neogene

Nudobrissus sp. Fukuoka Pref., Oligocene

Pericosmus elegans Nisiyama (MS) Miyagi Pref., Miocene

Pericosmus cf. spatangoides LorioL Nagasaki Pref., Oligocene

Linthia nipponica YOSHIWARA Yamagata, Miyagi, Niigata, Toyama, Chiba, Aichi, Gifu,
Nagano, Mie,-Okayama, and Yamaguchi Pref., Miocene and Pliocene

Linthia praenipponica NAGAO Nagasaki Pref., and Hokkaido, Oligocene

Linthia yessoensis MINATO Hokkaido, Oligocene

Linthia sp. Hokkaido, Miocene

Linthia? sp. Yamagata Pref., Miocene

Schizaster kinasaensis MORISHITA Niigata and Nagano Pref., Miocene

Schizaster miyazakiensis MORISHITA Miyazaki Pref., Miocene

Schizaster recticanalis YOSHIWARA Ishikawa Pref., Miocene?

Schizaster sp. Gifu Pref., Miocene

Schizaster sp. Nagasaki Pref., Miocene

Schizaster n. sp. Toyama and Ishikawa Pref., Miocene
Schizaster? sp. Nara Pref., Miocene

Schizaster? sp. Wakayama Pref., Miocene?

Moira obesa NisiYAMA Aomori, Akita, and Yamaguchi Pref., Miocene

Brissopsis luzonica (GRAY) Fukushima Pref., Miocene

Brissopsis makiyamai MORISHITA Aomori, Toyama, Wakayama, and Yamaguchi, Pref.,
Miocene

Brissopsis sp. Yamagata Pref., Miocene

Eupatagus nipponicus MORISHITA Toyama Pref., Miocene

46. TANAKA and SHIBATA (1961) described a new species of Aphelaster from the
Cretaceous formations of Wakayama, Kumamoto, and Tokushima Prefectures.
Aphelaster serotinus TANAKA & SHIBATA, n. sp. Wakayama, Kumamoto, and Tokushima
Pref., Cretaceous

47. MORISHITA (1962) described a fossil species of Hemiaster from the Cretaceous
formation of Shikoku.

Hemiaster uwajimensis, Sp. nov. Shikoku, Upper Cretaceous

48. MORISHITA (1963), in his “On the lunuled Scutellidae (Key-hole sea urchins)”,
discussed and illustrated the following fossil lunuled Scutellids from Japan and
Formosa.

Echinodiscus chikuzenensis NAGAO Japan, Oligocene

Astriclypeus integer YOSHIWARA Japan, Miocene

Astriclypeus? sp. Formosa, Miocene

Amphiope formosus (YOSHIWARA) Formosa, Miocene

49. MORISHITA (1964) enumerated four fossil Echinoids stored in the Museum of
Seto Marine Biological Laboratory, Wakayama Prefecture.

Balanocidaris sp. Wakayama Pref., Jurassic

Enallaster yuasensis TaANAkA & OKUBO Wakayama Pref., Cretaceous

Enallaster sp. Wakayama Pref., Cretaceous
Echinoneus cyclostomus LESKE Wakayama Pref., Miocene

From the above lists of authors and the species which have been reported
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from various localities and geological horizons in Japan and the adjacent regions, it
may be noticed that many of the generic and specific names used by previous authors.
are very diverse and are in need of various changes, and they are made in the part
of this article dealing with the description of the species.

Besides above mentioned literatures on the fossil Echinoids from Japan and the
adjacent regions there are many other literatures concerning the fossils, but they are
either the only mention of manuscript names, only the presenting of figures without
description, only the citation of Echinoids names, or the report on the occurrence of
fossil Echinoids; these remain out of consideration for the time being.

Available literature shows that a large number of genera and species have been
reported from Japan and the adjacent regions. By refined methods of H.L. CLARK,
MORTENSEN, DurHAM, and others, however, the number of species and genera have
increased in some cases and have decreased in others. Particularly because some have
proved to be synonyms of others, certain cases or found to be mere local variation
or mutations unworthy of new names in the others, and in still other cases some have
been taken as type-species of new genera and subgenera. And, in future, even in
present, it is expected that the number of generic and specific names will be increased,
simultaneously the number of synonyms and homonyms may also be increased on the
one hand, and be found to be valid on the other. In the present article, the writer
gives many localities and geological horizons for the fossil Echinoids, with the hope
that future workers can add more to those here enumerated.

MATERIAL

The material studied by the writer is probably one of the largest collections of
fossil Echinoids known from Japan and the adjacent regions. The collections studied
include the large number of specimens now stored in the Institute of Geology and
Paleontology, Tohoku University, Sendai, the collection of the Department of the
Saito Ho-on Kai Museum, Sendai, the collection of the Paleontological Branch of the
National Science Museum, Tokyo, and the specimens now stored in the Geological
Department of the Shimane University, Matsue. Dr. COOKE’s specimens in the col-
lection of the United States National Museum, Washington, D.C., and the part of A.
Acassiz’s and H. L. CLARK’s collections in the Museum of Comparative Zoology at
Harvard University, Cambridge, may be added to the material examined, as the writer
had an opportunity to examine them though for a short time. The specimens in the
Institute of Geology and Paleontology, Tohoku University were collected mostly by
early members of the Institute, having been increased in kinds and number by some
later members, as well. The fossil specimens are from nearly every part of Japan
and the adjacent regions where fossils of Echinoids are known to occur, no exact
Triassic occurrence has been on record until now. Covering nearly the whole regions
of Japan and the adjacent areas, and ranging in time from the Permian to the
Pleistocene Epoch, excepting the Triassic, the large collection studied by the writer,
has afforded the writer the opportunity to work out many interesting problems.

In the course of this work it was necessary to ascertain, as far as possible, the
precise localities and stratigraphical ‘positions from which the specimens of fossil
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Echinoids described in the literature were collected, as well as of those newly added
to the material. Because there are many names of the stratigraphical units in Japan,
especially of the Tertiary, a glossary describing these units which concern the fossil
Echinoids seems to be necessary here, but it is not referred to this article. In this
chapter the writer only lists the genera and subgenera of the fossil Echinoids treated
in this work, arranged according to the geological age.

Permian Period
Miocidaris
Triassic Period
Cidarid spines are reported to occur by authors, they are not accessible to the
writer. Some of them seem to represent primary spines of the Hemicidarids
or the Pseudodiadematids.
Jurassic Period
Balanocidaris, Firmacidaris, Pygurus (Echinopygus), and Allotoxaster.
Cretaceous Period
Pseudocidaris, Goniopygus, Caenholectypus, Holaster, Cardisaster, Cottreaucorys
(Cordastrum), Niponaster, Aphelaster, Hemiastér, Heteraster (Enallaster), and
Paraheteraster.
Tertiary Period
Palaeogene Subperiod
Chondrocidaris, Phyllacanthus, Salenia, Eoglyptocidaris, Stomopneustes, Tripneus-
tes, Mirechinus, Parasalenia, Procassidulus, Echinolampas, Sismondia, Kewia,
Allaster, Echinodiscus, Paraster, Palmeraster, Linthia, Schizaster, Nudobrissus
Aplospatangus, Brissopsis, and Metalia.
Neogene Subperiod
Stereocidaris, Stereocidaris (Phalacrocidaris), Salenocidaris, Glyptocidaris, Coelo-
pleurus, Temnopleurus, Temnotrema, Erbechinus, Brochopleurus, Salmaciella,
Pseudocentrotus, Stronglocentrotus, Allocentrotus, Echinometra, Echinanthus,
Oligopodia, Echinolampas, Clypeaster, Peronella (Peronellites)?, Laganum, Kewia,
Echinarachnius, Scaphechinus, Pseudoastrodapsis, Echinodiscus (Amphiope),
Astriclypeus, Palaeopneustes, Palaeopneustes (Oopneustes), Echinoneus, Hemiaster,
Spatangus, Breynia, Echinocardium, Pericosmus, Linthia, Cagaster, Brisaster,
Moira, Moira (Moiropsis), Brissopsis, and Eupatagus.
Quaternary Period
Pleistocene Epoch
Prionocidaris, Phyllacanthus, Glyptocidaris, Coelopleurus, Echinothrix, Temno-
pleurus, Temnopleurus (Toreumatica), Temnotrema, Echinostrephus, Echinometra,
Echinoneus, Echinolampas, Clypeaster, Echinocyamus, Fibularia, Fibularia
(Fibullariella), Peronella, Laganum, Scaphechinus, Astriclypeus, Spatangus,
Maretia, Lovenia, Brisaster, Metalia, and Brissus.
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