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BRACHIOPODS FROM THE LATE JURASSIC NAKANOSAWA

FORMATION IN FUKUSHIMA PREFECTURE. JAPAN*

KEI MORI

Institute of Geology and Paleontology, Tohoku University
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AGTTIKEY BE L o 38 - Terebratule hataii Mori, n.
iwaii Mor1, n. sp., « Terebratula™ sp. {22\ THEKL % -

Introduction

It is known that the upper Jurassic
Soma Group** distributed in the Soma
District, [Fukushima Prefecture, has
yiclded abundant fossils such as of cor-
als, mollusks. brachiopods, and plants.
The Soma Group which comprises chiefly
sandstone, shale and limestone, can be
classified into the following seven for-
mations, from the older to the younger,
namely, Kitazawa®*** Awazu, Yamagami,
Tochikubo, Nakanosawa. Tomizawa. and
Koyamada formations. Among these
seven formations the Nakanosawa con-
sists mainly of dark gray medium grain-
ed sandstone overlain with white coarse
grained sandstone in the lower, succeeded
upwards with calcareous sandstone and
impure limestone. The latter rock yield-

* Received June 14, 1962: read June 2.
1962.

** The name of the Soma Group although
first proposed for the Tertiary formations. is
in general usage and popular as a unit of the
Jurassic. For this reason the name will be
retained for the Jurassic System in the pre-
sent area.

*** New stratigraphic term proposed for
the preoccupied Hatsuno formation of KiTa-
MURA, SHIBATA and Uepa (1955).
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ed the brachiopods described in this
article.

Although paleontological studies have
been published on the fossils from the
Jurassic Soma Group, this may be the
first systematic work on the brachiopod
fauna of the Nakanosawa formation.
This formation was correlated with the
Oxfordian to Kimmeridgian by MAsa-
TANI (1930) from the occurrence of Aula-
cosphinctoides cf. steigeri (SHiMIZU), Vir-
galosphinctes sp. besides others.

Little is known of the brachiopod
fauna of the Mesozoic Era of the Japa-
nese Islands except for the works of
TokuyaMA (1957, 1958, 1959) who studied
the brachiopods from Shikoku in South-
west Japan.

Concerning classification of the bra-
chiopods, it was already pointed out by
Muir-Woob (1936, 1937) that a natural
classification of the Mesozoic Telotre-
mata should be based upon the external
and internal characters. Although this
is well known, the collection of brachio-
pods at hand comprises only a few speci-
mens. According to this reason the
internal characters could not be studied.
However, it is thought that their des-
criptions may be a contribution to the
upper Jurassic brachiopod-fauna of the
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Japanese Islands.

So far as the external characters are
concerned. the specimens at hand could
not be identified with previously des-
cribed species reported from abroad or
‘from the Japanese Islands. Among the
three species of brachiopods described
in this article from the limestone of the
Nakanosawa formation, two are consi-
dered to be new to science and onc is
specifically indetermined.
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Systematic Descriptions

Superfamily Terebratulacea
WAAGEN, 1883

Family Terebratulidaec GrRAY, 1840

Genus Terebratula MULLER, 177

“ Terebratula " hataii NIORL, n. sp.
Pl. 7. figs. 1-5.

Description :—Shell biconvex. subpenia-
gonal, moderate in size, somewhat longer
than wide, maximum width at middle
of length. Commissures straight poste-
riorly. curved gradually dorsally : ante-

rior commissure with sharp uniplicate
fold. Dorsal or brachial valve subcir-
cular, less convex than ventral, sculp-
tured with periodic, weak concentric
growth lines. Hinge-line arched rather
acutely. Ventral valve nearly twice as
deep as dorsal, evenly convex, maximum
convexity slightly posterior to middle of
length. rather sharply curved dorsally
near beak. Beak pointed. pierced with
small, circular foramen, mesothyrid,
erect, separated from hinge-line with
conjunct deltidial plates or symphytium
which is both curved and short; surface
with obscure concentric growth lines.
Shell structure punctate and more or less
fibrous. Weak, obscure radial threads
exposed on undersurface. Length (in
mm) 34.6, width 32.0, thickness 15.4 {Holo-
type).

Remarks :—Judged from the dorsal
valve which has lost most of the origi-
nal shell layer. there seems to have
been a sharp, thin, median septum ex-
tending anteriorly to near the middle of
dorsal-valve length, and a short longi-
tudinal median depression below the
beak in the ventral valve. The beak
ridges are not sharp although narrowly
rounded. Since no radial sculpture can
be observed on the dorsal valve and
only faintly on the anterior half of the
ventral valve, it appears as if the radials
were not originally external but internal.

This species is similar to “ Terebra-
tula ' richarvdsoni MUIR-Woop  (MUIR-
Woonb, 1936, p. 83, pl. 3, fig. 11) from the
Fuller's Earth Rock in outline of the
shell, but the former is distinguishable
from the latter by the erect and less
projecting beak, and shape of the ventral
valve.

“ Terebratula " insignis SCHUBLER (DA-
VIDSON, 1851-2, pp. 47-48, pl. 13, fig. 1)
from the Coralline Oolite of Malion,
which was referred to the genus New-



447,

mayrithyris TOKUYAMA (TOKUYAMA, 1958,
p. 120) is another species resembling the
present one, but differs from the latter
in having more convex and ovate shaped
valves, and in lacking a median septum.

From the faint radial threads observed
on the anterior half of the shell resem-
blance is found with the genus Somali-
thyris MUirR-Woob (1935, p. 124), which
is stated to range from Divesian to Ar-
govian. However, the characters of both
beak and foramen of that genus are
apparently different from those of the
present species. The genus Weldoni-
thyris Muir-Woop (1952, p. 130) is an-
other related genus to the present spe-
cies from the Soma District, being simi-
lar in the possession of the thread-like
median septum but differing in external
features. Therefore, the present species,
hataii and iwaii, although showing resem-
blance with the genera Somalithvris and
Weldonithyris, are referred to the genus
* Terebratule ” in broad sense because
the internal characters could not be
studied. :

Occurrence . —The limestone of the
upper part of the Nakanosawa forma-
tion at Koike, Kashima-machi, Soma-gun,
Fukushima Prefecture. IGPS coll. cat.
no. 79324 (Holotype).

“ Terebratula ” fwaii MORI, n. sp.
Pl 7, figs. 6-9.

Description :—Shell biconvex, oval, long-
er than wide, widest near middle of shell
length, nearly ecqually convex, but the
ventral deeper than dorsal. Lateral com-
missures straight, anterior one rectimar-
ginate. Both valves sculptured with ob-
scure concentric growth lines and with
faint radials on anterior half observed
by reflected light. Test finely punctate.
Beak moderately swollen, suberect, sym-
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phytium or deltidial plates short, con-
junct, beak ridges rounded, foramen
subcircular. Hinge-line broadly acute.
Dorsal valve with short, slender median
septum extending anteriorly to about
one fourth length of dorsal valve. Length
(in mm) 20.0, width 184, thickness 7.9.

Remarks :—Among the species reported
from the Japanese Islands, the present
one is similar to Newumayrithyris torinosu-
ensis Tokuyama (1958, pp. 122-126. pl.
9, figs. 1-6) from the Sukawa DBasin in
Kochi Prefecture in the shell outline,
but it is distinguished by having more
straight anterior commissure.

“ Terebratula” anaiwensis TOKUYAMA
(1958, pp. 126-128, pl. 9, figs. 7-8) also
from the Kochi Prefecture is also similar
to the newlv described species, but can
be distinguished from the present one
by having more plano-convex valves and
more projected beak. Because the inter-
nal structures of the present specimen
remain unknown further comparison is
not possible.

Occurrence :—’I'he limestone of the up-
per part of the Nakanosawa formation
at Hayama, Kashima-machi, Soma-gun,
Fukushima Prefecture. IGPS coll. cat.
no. 79325 (Holotype).

* Terebratula > sp. indet.
Pi. 7, figs. 10-12.

Description :—Shell ovale, plano-convex,
longer than wide, maximum width near
middle of shell length. Dorsal valve
nearly flat. sculptured with obscure con-
centric growth lines. Test finely and
densely punctate. Lateral commissure
slightly curved ventrally. anterior com-
missure almost rectimarginate. Ventral
valve about two times or a little more
convex than dorsal, maximum thickness
or depth near or slightly posterior to
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length of ventral valve. Beak moderate-
ly swollen. fractured. Hinge-line broadly
arcuate. Surface smooth except for ob-
scure concentric growth lines. Length
(in mm) about 200, width about 150,
and thickness 88.

Remarks:—The present specimen is
fractured at its posterior part and thus
details of beak, foramen and symphy-
tium remain unknown. Iowever, from
the rectimarginate folding. slightly
curved lateral commissure, convexity of
the valves and similarity with the speci-
men described as " Terebratula’ iwaii, it
is thought to belong to the same genus.
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A DIBRANCHIATE CEPHALOPOD FROM THI RIFU

FORMATION (TRIASSIC) NEAR HAMADA. SHIOGAMA
CITY, MIYAGI PREFECTURE. JAPAN*

YUJI BANDO

Geological Laboratory, Kagawa University
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Introduction and Acknowledgements

The Dibranchiate Cephalopoda describ-
ed in this article was found in a dark
colored fine-grained sandstone or coarse-
grained siltstone which makes up the
major part of the Rifu formation. This
fine-grained rock is being quarried for
construction purposes. The quarry is
situated at about one kilometer north-
west of the Hamada station along the
Senseki Electric Car Line, Shiogama City,
Miyagi Prefecture, and is well known for
its yield of fossil cephalopods. pelecy-
pods. gastropods, and brachiopods.

The Rifu formation has been described
as to its geology and paleontology by
YABE and SHiwzu (1927-29), who deter-
mined the geological age to he Ladinic.
Among the many fossils described by
those authors the following should be
mentioned becausc of their importance
with the determination of the geological
age of the formation, namely. Myoconcha
hamadaensis Y ABE and SHiM1zu, Daonella
kotoi multistriata Y ABE and SHIMIZU, and
D. densisulcaia Y ABE and SHIMIZU among

* Received June 14. 1962: read at 81st an.
nual meceting of the society at Kumamoto.
June 2, 1962,
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the pelecypods, Ptyclites compressus Y A-
BE and SHIMIZU, Bevrichifes chitfanii Y ABE
and SHIMIZU, Paraceratites cf. wardi SMI-
TH, P. orientalis YABE and SHIMIZU, Ne-
vadites (?) japonicus YABE and SHIMIZU
of the cephalopods, Spiriferina kaneharai
YABE and SHIMIZU and S. cf. lilangensis
STOLICZKA of the brachiopods, and be-
sides, gastropods and drift woods also
occur from the quarry above mentioned.
The drift wood more or less resembles
the genus Lepidodendron.

Subsequently, the present writer re-
ported on the occurrence of Protrachy-
ceras reitzi (BOECKH) [rom the same for-
mation in 1958, and its detailes were
reported by ONUKI and BANDO (1959), who
added the following Ladinic fauna, Pty-
chites afl. cognatus (OPPEL), Protrachy-
ceras reitzi (BOECKH}, Tropigastrites aff.
hatli (Mojsisovics), Japonites afl. ugra
(DIENER), and Danubites sp. They stated
that this fauna should be correlated to
the Ladinic ammonite zone represented
by Protrachyceras reilzi Zone of the A\-
pine Muschelkalk.

With regard to the Triassic dibran-
chiate cephalopods from Japan only onc
species, Dictyoconites nipponicus SHIMIZU
and ManuTi, has been described from
the lowermost horizon of the Adonotis
beds of the Saragai group in the Kita-
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kami massif (SHiMizU and MaBuT!. 1940-
41).

At present fossil organisms are fre-
quently found from the quarry now being
worked, but at the abandoned quarry it
is difficult to find any organic remains.
However, fortunately the specimen de-
scribed in this article was found in the
lower part of the quarry at the side of
a small ditch almost covered with vege-
tation. At first it was thought to be
some kinds of cylindrical sedimentary
structures, but when it was sectioned
longitudinally and transversally all char-
acters as well as the peculiar very faint
external sculpture led to identifying it
as a dibranchiate cephalopod as des-
cribed later.

Before entering into the description of
the dibranchiate cephalopod the writer
expresses his sincere thanks to Professor
Kotora Ha1Aal of the Institute of Geology
and Paleontology, Tohoku University for
kind submittance of the specimen col-
lected by him to the writer's study.
Acknowledgements arc also due to Mr.
Kimiji KuMAGal and Mr. Akio ISHIKAWA.,
both of the same Institute for their
photographic works and sectioning of
the specimen.

Description of the Coeloidea
Family Belemnitidae de BLAIVILLE

Genus Afractites GUEMBEL, 1861

Genotype: Mractites alveolaris QUENSTEDT

1861. Atractites. GurmMmBEL. Gotha, p. 475.

1882.  Atractites. Mojsisovics, Abhandl. d. k.
k. Geol. Reichsanst., 10. p. 299.

1886. Atractites. Moisisovics. Mem. Acad. St.
Petersbourg. ser. 7. T. 33, no. 6, p. 101.

1888.  Atractites. Hauer., Denkschr. Akad.
Wiss. Wien, Bd. 54, p. 3.

1896.  Atractites. TouL . Beilr. Pal. und Geol.
Oest.-Ung. u. des Orients, vol. 10, pt. 4,
p. 185

1900. Atractites. Hy aTT, Text-Book of Palao-
nt. in Zittel, zol. 1, p. 595.

1902.  Atractites. Moisisovics, Supplem. HE.,
p. 192.

1905. Atractites. HyarT and SmiTi, U.S.G. S.
Prof. Paper 40, p. 204.

1907. Atractites. DienNer, Mem. Geol. Sure.
India. Pal. Indica, 15th ser. no. 2, p. 21.

1920. Atractites. BUuLow-TRUMMER, Fossilium
Catalogues. 1. Animalia, par. 11, p. 64.

The Genus Atractities resembles Awla-
coceras in the shape of phragmocone.
but is distinguishable therefrom by hav-
ing a large rostrum, smooth sides, and
lacking lateral or longitudinal furrows.
The phragmocone is divided by several
septa into a number of chambers which
are slightly concave towards the apical
region. HyaTT (1900) mentioned that
the phragmocone is either smooth or
with fine asymptotic lines, and that the
dorsal area is marked with extremely
fine growth-lines, convex toward the
front. But in our specimen there could
nol be observed such ornamentation on
the phragmocone. The rostrum and
phragmocone sometimes occur detached.
Therefore, from an only detached speci-
men of the phragmocone il may be mis-
taken for some other orthocone. The
rostrum consists of calcareous matter
which invests the conotheca. HYATT
and SmiTH (1905) designated this mate-
rial as the calcareous sheath. The trans-
verse section of the phragmocone, as
stated by Mojsisovics, shows either a
complete circle or elliptical shape. In the
case of an elliptical transverse section,
the ventrodorsal diameter is a little
longer than the lateral diameter.

Most of the species of Atfractities have
been described from the Triassic, and
are especially common in the Middle and
Upper Triassic, but they have also been
reported {rom the Lias.
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to posterior part of cone. Cross section of

Alractites hatai BANDO, n. sp. specimen under microscope shows more

PL 8. figs. 1-6. or les§ eroded outer wall. of calcarequs

material, whereas that of inner wall with

The material described in this article better defined calcareous prismatic layer

comprises several fragments of the ros- and a small circular siphuncular tube
trum, some of which preserve the phrag- separated from but near to inner wall
mocone. They all belong to a single of conotheca. Siphuncular tube consist-
species. ing of light brownish colored layer of
Rostrum with sides parallel, nearly calcium carbonate and almost perfectly
straight, more or less oval in cross-sec- circular in shape.
tion, surface retaining faint concentric Length of phragmocone preserved
undulations; about 160 mm in length, 42 mm in cross-section, 9.5 mm in ventro-
diameter about 21 X 18 mm in the broadest dorsal diameter and 9 mm in lateral dia-
part and 17x15mm in the narrowest part ; meter. Cross-section of phragmocone
wall thickness about -{mm, inner wall not a complete circle: unfortunately,
with layer of calcitic material. Polished larger portion of apical region missing.
longitudinal section shows within a rap- Angle of divergence 12°30’ along ventro-
idly tapering internal cone, flaring at dorsal of phragmocone.
one end and terminating in rather sharp Cross-section of phragmocone shows
point at the other. Wall of internal cone, conotheca to gradually increase in thick-
conotheca, consisting of calcitic layer. ness dorsally. Longitudinal section shows
Four rather well defined, posteriorly con- septal space to be considerably larger

cave, very thin partitions extending from than previously known species of Atrac-
one wall to the other, situated at middle tites.

Explanation of Plate 8
Atractites hatai BANDO, n. sp.

Fig. 1. Side view (natural size).

Fig. 2. Side view of same specimen with Fig. . Surface are ornamented with faint concen-
tric undulations (natural size).

Fig. 3. Longitudinal section showing phragmocone and rostrum (natural size). (P: Phrag-
mocone, R: Rostrum)

Fig. 4. Cross section of the above (natural size). (P: Phragmocone, R: Rostrum)

Fig. Under microscopic view by longitudinal thin section showing phragmocone. rostrum,
and septa. (x6) (P: Phragmocone, R: Rostrum, Se: Septa)

Fig. 6. Under microscopic view by tangential {ventro-dorsal) thin section showing siphuncle.
phragmocone, rostrum, and conotheca. (x6) (P: Phragmocone, R: Rostrum, Si:
Siphuncle, C: Conotheca)

o

From the Rifu Formation ar about one Kilometer northwest of Ilamada station along the
Senseki Electric Car Line, Shiogama City, Miyagi Prefecture, Japan. Lower Ladinian, zone of
Protrachyceras reitzi (Boeckn). All specimens here illustrated are preserved in the Institute
of Geology and Paleontology. Tohoku University, Sendai, Japan. Coll. cat. no. IGPS 79170. Col-
lection of K. HaTalL
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Remarks :—This specimen is refered
to the genus Atfractites on Lhe basis of
the considerably larger guard, its smooth
surface. no side furrows, and the f{ea-
tures of the detachment of the ros-
trum and phragmocone. There is no
lateral groove in this species as found
on the rostrum as in Aulacoceras. Fur-
thermore, there are no longitudinal ribs
or furrows on the side as in the genera
Aulacoceras and Dictvoconites. The situ-
ation of the siphuncle is marginal in the
phragmocone as in those genera. Speci-
fically the present specimens seem to be
closely related to Afractites cylindricus
HAUER* (HAUER, 1888) from the Bosnian
Muschelkalk of Han Bulog in the form
of rostrum, in cross-section and the iength
of the phragmocone, but HAUER's type
species shows the divergent angle 9°-10"
of the phragmocone.

In the ornamentation of the guard,
Aulacoceras and Dictvoconites are related
with one another in having numerous
longitudinal furrows and ribs, but in
Atractites the features are more similar
to those of Orthoceras than to the above
mentioned genera.

This species also resembles A. solidus
Swyiti from North America in the shape
of phragmocone. especially in the diver-
gence angle, but is distinguished from
that species in the form and length of
the rostrum.

The specific name is given in honor of
Professor Kotora HaTal, who collected
this specimen and encouraged the writer
in this study.

Locality, geological formation and age . —
Lower part of abandoned quarry at about

* Afractites cylindricus has been reported
from the Alps by MojJsisovics (1882), Hau-
ER (1888), MarTELLI (1904), Kraus (1914,
'16), and from the Himalayas by DIENER
(1901).

one Kilometer northwest of Hamada
station along the Senseki Electric Car
Line, Shiogama City, Miyagi Prefecture.
Rifu Formation (Upper Anisic to Lower
Ladinic). Protrachyceras reilzi zone, as-
sociated with Protrachyceras reitzi (Bo-
ECKH), Monophyllites wengensis (KL1p-
STEIN), ©* Ptychites ” compressus Y ABE and
SHIMIZU, Daonella densisulcata Y ABE and
SHIMIZU, Spiviferine cf. lilangensis Sto-
LICZKA, and other species.

Repository:—In the collection of the
Institute of Geology and Paleontology,
Tohoku University, Sendai, Japan. IGPS
coll. cat. no. 79170. Coll. K. HATAL July,
1958.
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VERBEEKININAE FROM THE INFERRED UPPER
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Introduction

In 1960, the writer described the geolo-
gy and tectonics of the Paleozoic rocks
distributed in the area northeast of Ko-
chi City. and recognized eight formations.

In the present paper, brief accounts
are given on the stratigraphy of the
Shingai formation, one of the cight above
mentioned, and of the stratigraphic suc-
cessicn of its fusuline fauna discrimi-
nated from the limestone which forms
the larger part of Lhe formation there.

Paleontologically, a total of five species
of fusulinids distributed among the two
genera, Misellina and Brevaxina are de-
scribed, and two of them are considered
to be forms undescribed to the present.
Furthermore, an attempt is made to
compare the species from the present
area with those of other regions both in
Japan and Indo-China where extensive
studies on the genera have been made,
and also to conjecture the time when

* Received June 14, 1962. read aL 8&lst
meeting of the society at Kumamoto, June.
2. 1962,
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the genera Brevaxina diverged from
Misellina.

The writer is deeply indebted to Drs.
Enzo KON'NO and Shoshiro HANZAWA.
formerly of the Tohoku University for
their guidance and suggestions during
the course of the present work. Ac-
knowledgements are also extended to
Professor Kotora HaTal for his critical
reading of the manuscript and kind in-
struction in the field and the laboratory
throughout the work, and Professor Ki-
voshi AsaNO for his encouragement.

Synopsis of the Genera Misellina

and Brevaxina

Misellina claudiae (DEPRAT) was first
described by DePRAT (1912) from Indo-
China in association with his “distinct
ouralien " fauna which is said to be
characterized by the assemblage of
Parafusulina multiseplata (SCHELLWIEN).
Pseudofusulinag complicala (SCHELLWIEN}.
Psewdof. tenuissima (SCMELLWIEN), [Pseu-
dof. globosa (DEPRAT), ’seudof. subcylin-
drica (DEPRAT), Misellina termieri (DE-
PRAT), and AMis. minor (DEPRAT). eic.



Subsequently, the species has been re-
ported from various horizons of many
other regions in Japan and foreign coun-
tries. DEPRAT also, in 1915, reported
many other species of Miselline and Bre-
vaxina such as, Brevaxina compressa, Mis.
ovalis, Mis. parvicostata, Mis. termieri,
Mis. minor, and Mis. subelliptica from
the Permian limestone of Cam-mon in
Indo-China. Brevaxina compressa and
Misellina ovalis occurred in association
with one another. Misellina parvicostala
was reported in association with Sc/uca-
Zevina japonice (GUMBER) and Pseudo-
Susulina parumeoluta (DEPRAT), ete. Misel-
lina subelliptica (DEPRAT} was found by
him from the Permian limestone of Cam-
mon in association with Sc/ncagerina ja-
ponica and Misellina parvicostata. Briefly
speaking, according to him, the majority
of the species of Misellina and Breraxina
were found from the Psendofusulina zone
or the upper part of the Wolfcampian
to the lower part of the Parafusulina
zone or Artinskian series in current
sense.

In South China, the Misellina claudiae
zone which is subjacent to the Pura-
Susulina multiseptata zone was discrimi-
nated in the lower part of the Chihsia
limestone of the Nanking Hills and cen-
tral and eastern Kwangsi by LEE (1931)
and CHAO (1947).

In Japan, according to Ozawa (1927)
and TORIYAMA (1958), Misellina claudiae
has been known only from the Psendo-
Susulina ambigua subzone and not from
the horizon subjacent and superjacent to
it in the Akiyoshi limestone. On the
contrary, in the Kwanto massif, Misellina
claudiae was recorded from a horizon
equivalent to the Neoschwagerina zone,
which is represented by Neosclwagerina
margaritae DEPRAT and also from a hori-
zon inferred to be lower than that which
yielded Neosc/lucagerina craticulifera (SCH-
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WAGER), and Sc/lucagerina japonica (GUM-
BER). In Shikoku, according to SUYARI
(1961), the Misellina zone occurs above
the Sclucagerina zone, and is character-
ized by the occurrence of Brevaxina sp.,
Misellina Jisakai (TORIYAMA), Ais. cfr.
termieri (DEPRAT), Mis. sp., and Para-
Susulina ? sp.

On the other hand. MORIKAWA and
IsoMi (1961) reported Misellina ibukiensis
KoBayAsHI from the east of Lake Biwa.
According to them, the species is com-
mon in the Pseudoschicagering zone which
may be the earliest horizon in Japan so
far as known.

In short. so far as known to date, the
genus Misellina and especially., Misellina
claudiae (DEPRAT) has been reported
from the inferred upper Wolfcampian,
from where it ranges to the lower part
of the Neoschwagerina zone in the Tethys
regions, although some authors consid-
ered that Misellina claudiae (DEPRAT) is
an indicative species restricted to the
zone subjacent to the Neosclhiwwagerina
zone or Lo the upper part of the Wolf-
campian series which is characterized
by the occurrence of Psenudofusulina am-
bigua (DEPRAT), etc.

Stratigraphic Relationships

The genus Brevaxina was first reported
as a subgenus of Misellina by SCHENCK
and TnoomprsoN (1940) on the basis of
DEPRAT's materials of Doliolina com-
pressa and only one formally named spe-
cies and Brevaxina sp. A from Kochi
Prefecture have been known to date.

The writer studied the fusuline fora-
minifers of the Shingai formation as the
continuation of his previous work tIsti-
ZAKlL, 1960, etc.) and found several forms
of Brevaxina and Misellina from the lime-
stone composing the formation.

As already reported by the writer,
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judging from the contained fusulinids,
the Shingai formation under considera-
tion comprises strata which range from
the Wolfcampian to the Socioian or in
part to the Basleoian in age.. The for-
mation is characterized by a synclinal
structure with the axis trending in the
midst of the limestone of the formation
in nearly east-west direction. The south-
ern wing of the syncline was studied to
make clear the faunal succession of the
fusulinids, the samples of which were
collected horizon by horizon along the
route northwards from Takinoshita, Shi-
rakidani, Nangoku City, Kochi Prefec-
ture (text-fig. 1). The thickness of the

100 200 M

Text-fig. 1. Route map northwards from
Takinoshita, Shirakidani, Nangoku City. The
southern limestone vielded the several fusuli-
nids described in this work.

formation along the route is estimated
to be about 260 meters. The lower part
consists of a 140 meters thick non-cry-
stalline whitish grey massive fusulinid
bearing limestone, overlain by the middle
part of about 140 meters thick dark grey
to dark blue sandstone which is barren
of micro- and megalo-fossils throughout.
The upper part of the formation consists
of crystalline whitish grey massive lime-
stone from which no fusulinids were
found. This limestone is distributed

rather widely as seen from the route
map but its thickness is less than ap-
parent because of the synclinal structure
already mentioned.

In this section, the writer deals with
the fusulinid bearing limestone distri-
buted in the lower part of the Shingai
formation. The limestone composing the
lower part of the formation under con-
sideration is rich in fusuline foraminifers
although their preservation is rather
poor—less mineralization throughout but
the majority of the organisms have been
subjected to secondary deformation and
are crushed in many cases—this makes
specific identification often difficult. The
uppermost part of the fossiliferous lime-
stone is of amber colour, oolitic in tex-
ture and yielded abundantly fusuline
foraminifers as, Brevaxina and Misellina
in association with smaller foraminifers
and Sclutbertella spp.. all of which are
well preserved.

The fusulinid assemblages discrimi-
nated in the fossiliferous limestone are
as foliows, in downward sequence;

L6: Brevaxina hataii 1sHizAK1, n. sp.
Misellina aff. ibukiensis KosAy asui
Misellina cylindrica Ismzaki, n. sp.
Misellina subelliptica (DEPRAT)
Misellina alicice (DEPRAT)
Schubertella spp.

Among them, the species of Bre-
vaxina and Misellina will be des-
cribed.

L5: Very few fragmental specimens of

Pseudofusulina spp.

L4: Schubertella melonica DuxBar and

SKINNER
Schwagerina cfr. exigua (Dynrex-

FURTH)

Duenbarinella sp.

L3: Schubertella haginoensis fusiformis

SUYAR!

Schubertella ? sp.
Schwagerina cfv. magna (Rosovs-

KAYA)
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Rugosofusulina afl. serrata Rauskg-
CERNOUSSOV A
L2: Paraschwagerina? sp.
Triticites spp.
1.1: Pseudoschwagerina ? sp.
Triticites sp.
(each numeral corresponds with the ones
given in text-fig. 1)

So far as field and laboratory studies
are concerned no physical break was
detected between L6 and the horizons
lower than L5, and no fusulinids refer-
able to the genus Parafusulina or sug-
gestive of the Leonardian could be found
to date. Therefore. it is quite probable
that the horizon which yiclded Misellina
and Brevaxina may be equivalent to the
upper part of the Wolfcampian or so in
age.

Divergence of the Genus RBrevaxina

The majority of the previous workers
on fusuline foraminifers have considered
that the genus Brevaxina evolved from
Misellina phylogenetically but no deci-
sive explanations have been given. Vir-
tually, THOMPSON (1948) considered it to
have evolved during Guadalupian time.
SucGl (1960) assumed it to have developed
during the time characterized by the
flourishing of Parafusulina as indicated
in his phylogenetic trec of Lhe Verbee-
kininae, although this was not explained
literally.

On the other hand, the information on
the limestone of Cam-mon, Indo-China
by DEPRAT (1912, 1915) and the results
of the present work seem to conflict
seriously with the above stated. That
is to say, the genus Brevaxina is Known
from the inferred upper Wolfcampian
limestone as its earliest occurrence and
the genus JMisellina is known from the
Pseudosclucagerina zone or Wolfcampian
series of different regions. Therefore,

the earliest known occurrences of both
genera seem to be hardly different.
Therefore, from the known occurrences,
the stratigraphical evidence may not
fully support the opinions expressed by
many previous workers that the genus
Brevaxina evolved from Aisellina.

On the other hand, as well known,
Brevaxina is paleontologically distin-
guished from Miselline by much laterally
compressed shell form and narrower but
higher parachomata, especially in the
median part of the profile. Misellina sith-
elliptica (DEPRAT)Y which was reported
from Cam-mon in association with Sc/k-
wagering japonica (GUMBER) holds a posi-
tion intermediate between the typical
Brevaxine and Misellina morphologically.
That is to say, this species has rather
narrower and higher parachomata in the
median part of the shell, and is moder-
ately laterally compressed, but not so
strongly as in Brevaxina compressa.

It is more probable, so far as known
data are concerned. that both genera
which have their first appearance at
nearly the same time, developed progres-
sively parallel with one another phylo-
genetically. Judging from the facts
hitherto known of both the genera in
question it might be suggested that they
should better not be separated generi-
cally in a natural classification of the
fusulinids or be treated as two indepen-
dent taxons in the procedure of zoologi-
cal classification. The writer assumes
that there are two working hypotheses
under the circumstances stated above as
stated in the following, namely;

1) Both genera were derived from a
common ancester at nearly the same time
but developed as independent taxons.
This suggests that both genera had
different processes in their phyvlogeny.
Therefore, the genus Brevaxina should
not be considered to have diverged from
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Misellina.

2) Both genera were derived from a
common ancester but developed as a
single or in unity in a more natural
ecological classification. As well known,
in taxonomy the paleontological proce-
dure is based upon the bio-morphological
features of the organisms. From such
reasons as well as from the characters
of the two mentioned genera it is more
likely that Brevaxine is not an indepen-
dent unit in the natural ecological clas-
sification but only in the paleontological
sense.

The writer recognized that both genera
are intimately related with one another
in many important bio-characters except
that Brevaxina has much more laterally
compressed outer shell form throughout
which suggests that the second men-
tioned working hypothesis should be ac-
cepted.

Systematic Description
Familv Fusulinidae MOLLER, 1878

Subfamily Verkcekininae STAFF
and WEDEKIND, 1910

Genus Misellina SCHENCK
and THoMPSON, 1940

Misellina aliciae (DEPRAT)
Pl 9, figs. 1-2.

Dolioline aliciee DEPRAT, 1912, Mém. Serr.
Géol. Indochine, vol. 1, fasc. 3, pp. 43-14,
pl. 35, figs. 11-14.

Shell quite small, thickly inflated
ovoidal, with straight axis of coiling.
Lateral slopes convex, poles rather broad-
ly rounded to umbilicated. Shell of five
volutions 0.52mm in half length and 0.36
mm in half width. giving form ratio of
1.44. First two or a half and two volu-

449.  Verbeekininae from the Upper Wolfeampian 55

tions nearly spherical with rounded poles,
axis of coiling nearly at right angle to
outer volutions. From subsequent outer
volution to maturity axis extends gradu-
ally outwards.

Proloculus small, almost spherical, with
an outside diameter of 0.054 mm. Pro-
loculus wall thin, seemingly structure-
less, consisting of a single homogeneous
dense layver. Shell expands slowly and
uniformly throughout. Radius vector of
first volution to maturity 70, 120, 180,
240, and 330 microns, respectively.

Spirotheca rather thin, consisting of
an alveolar keriotheca. rather thick up-
per dense layer (or extension of para-
chomata) and thin lower dense layer in
parts. Thickness of spirotheca of first
to fifth volutions 4?7, 7, 10, 8. and 13
microns, respectively.

Parachomata rather distinctly deve-
loped in third to fourth volution; reach
to about a half or less of each chamber
height, semi-circular shape with well
rounded tips. But in remaining volu-
tions almost obscure or in rudimentary
form. Counts of parachomata of second
to fourth volutions 7, 11, and 16, respec-
tively.

Measurements .—see Table 1.

Remarks :—Only one rather well ori-
ented axial section is examined here.
But the important bio-characters of the
present species concord with those of
Misellina aliciae which was first reported
by DEPRAT from the limestone of len-
Seu-Tong, Yun-Nan, except for that the
former has somewhat larger proloculus
than the latter. The present species is
also somewhat similar with Alisellina
termieri (DEFRAT) in some bio-characters
but differs from the latter in having less
rapid expansion rate of the correspond-
ing volutions and less developed para-
chomata.

Occurrence :—Abundant in the upper
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part of the limestonec which may be
equivalent to the upper Wolfcampian or
so in age and composing the larger part
of the Shingai formation, at about 400
meters north of Takinoshita, Shiraki-
dani, Nangoku City. kochi Prefecture
(Loc. 6). IGPS coll. cat. no. 78878 (speci-
men 302-1-c).

Associaled fauna: — Brevaxina hataii
ISHIZAKI, n. sp., Misellina cvlindrica 1s11-
ZAKL, n. sp., Misellina subelliptica (DE-
PRAT), Misellina aff. ibukiensis KOBAYA-
SH1, and Schubertelia spp.

Misellina cvlindrica 1SHIZAKI, n. sp.
PlL. 9, figs. 3-5.

Shell small, subquadrate or cylindrical.
with straight axis of coiling. Lateral
slopes stoutly convex, poles broadly
rounded throughout. Mature shell of
five volutions 0.54 mm in half length and
0.36 mm in half width, giveng form ratio
of 1.5 First two or a half and two volu-
tions nearly spherical or somewhat um-
bilicated, axis of coiling at high angles
to outer volutions. From subsequent
outer volution subquadrate and axis be-
comes to extend gradually outwards.
Polar regions vary from broadly rounded
to somewhat umbilicated in juvenile vo-
lutions to rounded in outer volutions.

Proloculus rather large for genus, al-
most spherical, with an outside diameter
of 80 to 85 microns, averaging 83 microns
for two specimens. Spirotheca of prolo-
culus thin, structureless. consisting of a
single homogeneous dense layer. Thick-
ness of spirotheca of proloculus 65 to
100 microns, averaging 83 microns for
two specimens. Shell expands slowly
and uniformly in first to penultimate
volutions, and rather rapidly in last vo-
lution. Average radius vectors of first
volution to maturity 93, 158, 233, 343, and

365 microns, respectively.

Spirotheca rather thin, composed of
apparently structureless rather thick
lighter layer (but in some parts of sag-
ittal section keriothecal structure obser-
vable). thicker upper dense layer (or ex-
tension of parachomata), and less thicker
lower dense layer throughout. Average
thickness of spirotheca of first to fifth
volutions 10, 15, 14, 15, and 30 microns,
respectively.

Septa moderately thick, composed of
downward deflection of lower dense layer
and apparent keriotheca. Septa V-shaped,
decrcasing in thickness from base to tips
in many cases. but clubbed with some-
what thickened tips in remaining parts ;
fundamentally unfluted  throughout.
Counts of septa unknown, but seemingly
moderate in number.

Parachomata well developed through-
oul except in inner volution where al-
most obscure; reach to about a half to
a fourth of each chamber height, semi-
circular shaped with ralther broadly
rounded tips in median part but rather
conic-like with narrowly pointed tips in
lateral slopes. Counts of parachomata
of first 1o fourth volutions in one axial
section 77, 11, 15, and 17, respectively.

Measurements :—see Table 2.

Remarks :—The present species is char-
acterized by the typical cylindrical shell
form and rather widely rounded tips of
the parachomata. There have been de-
scribed no species identical with the
present one to date. Therefore, here, a
new specific name should be proposed
for it. Misellina cylindrica ISHIZAKI, n.
sp. is somewhat similar to Misellina ovalis
which was reported by DEPRAT from the
Permian limestone of Cam-mon, but dif-
fers from the latter in that the former
has more rapid expansion rate of the
corresponding volutions, larger prolo-
culus, wider and distinctly developed
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{ .
| Radius vector
Specimen 1

prol. 1 2 3 4 5 HL HW FR

éO‘Z-l—c 0.054 0.07 0.12 0.18 0.2 0.33 0. 52 0.36 1.4

Thickness of spirotheca

? . 004 . 007 010 . 008 .013

No. of parachomata

? 7 11 16

Table 2. Measurements (in mm) of Alisellina cylindrica IsH1ZAKI, n. sp.

Radius vector

Specimen !

| prol 1 2 3 4 5 HL HW. FR
302-3-a ; 0. 085 . 085 .145 .195 . 255 . 365 0.54 0. 36 1.50
302-4-d 0. 080 . 100 170 . 270 . 430

| Thickness of spirotheca
302-3-a . 0065 . 007 .015 .013 .015 . 030
302-4-a . 0100 .013 .04 .015 . 015

| _

‘ No. of parachomata

[

302-3-a ! 7? 1 1 17

Table 3. Measurements (in mm) of Misellina aff. ibukiensis KOBAY ASHI

Radius vector

Specimen
prol. 1 2 3 4 5 6 7 HL HW FR

302-1-a I .060 006 0.10 0.15 023 031 041 0.68 0.41 1.65
302-1-d 060 0.06 0.10 016 022 0.30 041 0.55

‘ Thickness of spirotheca
302-1-a 1 .008 .010 .010 .010 .008 .008 .010
302-1-d ; ?.009 .010 .010 .010 .009 010 .010

- No. of septz;
302-1-d ? 7 11 i3 18 ?

No. of parachomata

302-1-a 12? 12? 16? 16?
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Table 4. Measurements (in mm) of Misellina subelliptice (DEPRAT)

Radius vector
Specimen - — —_ - - —
prol. 1 2 3 4 5 6 7 8 HL HW.FR
302-2-a 0.060 .050 .120 .190 .290 .460 .650 0.69 0.65 1.10
362-3-¢ 0.080 .085 .165 .265 .410 0.70 0.50 1.40
302-4-c 0.080 .070 .140 .260 .420 .570 .720 1.00 0.72 1.38
3(2-5-a 0.055 .070 .125 .190 .260 .400 .500 .680 0.98 0.66 1.48
3(2-5-b L105 0165 .285 .410 .530 0.70 0.62 1.13
3(2-6-b 0.055 0.70 .110 .175 .240 .340 .460 .600 .840 0.76 0.84 0.90
3(2-1-b 0.045 .060 .115 .195 .310 .450 .600
302-5-c L065 .120 .175 0235 .345 415
302-6-a 0.030 .035 .060 .110 .175 .255 .375 .535
302-6-c 0.060 .060 .085 .135 .195 .300 .440 .580
302-7-a 0.080 .080 .120 .220 .320 .440
Half length
302-2-a 0.110 .100 . 17'0 .260 .360 .500 .690
302-5-a 0.050 .038 .060 .110 .175 .270 .420 .600 .810
302-5-b 115 .195 .300 .445 .600
302-6-b 0.040 .040 .085 .115 .200 .300 .420 .580 .760
Form ratio
302-5-a 0.910 0.54 0.47 0.58 0.67 0.68 0.84 0.88
302-5-h 1.09 1.18 1.06 1.09 1.13
302-6-b 0.730 0.57 0.77 0.66 0.83 0.88 0.91 0.97 0.90
Thickness of splrotheca
302-2-a 0.015 .010 .020 ? L0253 .025 .025
302-3-c +0.008 .015 .015 .018 .013
302-4-¢ o 0.005 .010 .010 .015 .020 .025 .025
302-5-a 0.008 .008 .008 .013 .015 .010 .020 .023 .023
302-5-b 0.009 .009 .015 .018 .015 .015 .015
302-6-b 0.009 .008 .010 .01¢ .010 .015 .015 .025
302-1-b 0.005 .005 .013 .010 .030 .030 .035
302-5-c .010 .008 .015 .G20 .020 .025
302-6-a I 0.005 .005 .008 .010 .Cl4 .025 .025 .038
302-6-c 0.005 .010 .018 .015 .015 .020 .025 .018
302-7-a 0.008 7 .010 .010 .013 .018
No. of parachomata
302-2-a 8? 10 13 182 227
302-5-a 8 11 19 22
302-5-b 8? 13 15 16 ?
I No. of sepla R
302-1-h | 38 10 n 15 16
302-5-¢ ? 10 1 15 17
302-6-a | 6 0w 1B 15 15
302-6-¢ | 2 10 13 15 16
302-7-a | o1 12 14
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Table 5. Measurements (in mm) of Brevaxina hateii Isvizaxki, n. sp.
7 S Radius vector
Specimen - =
prol. 1 2 3 4 5 6 7 H.L. H.W. F.R.
302-4-a 0.035 .075 .105 .185 .275 .360 .410
302-4-b 0.060 .060 .100 .160 .220 .310 .430 0.48 0.51 0.89
302-5-d ' 0.030 .035 .075 .130 .200 .28
Halrf length -
302-4-a 0.035 .035 .065 .105 .190
302-4-b 0.050 .030 .045 .080 .150 .220 .340 .500
‘ Form ratio
302-4-a [ 1.00 0.47 0.62 0.58 0.69
302-4-b : 0.82 0.50 0.45 0.50 0.68 0.71 0.79
Thickness of soirotheca
302-4-a 0.008 .009 .011 .015 .013 .015 .013
302-4-b 0.005 .007 .008 .010 .019 .015 .020
302-5-d ? .005 .008 .013 .015 .020
No. of parachomata
302-1-a 11?7 15?7 19? )
302-4-b 15?
No of septa
302-5-d 7 7 u 12 u -

parachomata, and somewhat quadrate or
cylindrical shell form with much broadly
rounded poles. The species is also some-
what similar to Misellina iisakai TORI-
vaMAa from Tosayama, Kochi Prefecture,
but differs from the latter in the shell
forms; the latter is ellipsoidal with
rather pointed poles whereas the former
has a subquadrate or cylindrical shell
form with much broader polar ends.

Occurrence :—Same as the former. Holo-
type. pl. 9. fig. 3, IGPS coll. cat. no. 78879
(specimen 302-3-a) and paratype, pl. 9,
fig. 4, IGPS. coll. cat. no. 78880 (specimen
302-4-d).

Associated fauna . —Same as the above.

Misellina aff. ibukiensis KOBAYASHI
Pl 8, figs. 6-7.

compare with . —

Misellina ibukiens’s Kosavyasui, 1957, Sei.
Rept., Tokyo Kyoiku Daigaku, Sec. C. vol.
5. nos. 47-48. pp. 297-298, pl. 1, figs. 20-27.

Misellina ibukiensis, MoriKAwA and Isowmi,
1961. Geol. Surv. Japan. Rept. No. 191
(A. ¢ X)), pp. 25-26. pl. 21, figs. 1-18.

Shell small, ovoidal, with straight axis
of coiling. Lateral slopes distinctly con-
vex in outer volutions but more straight
and almost at right angle to axis of
coiling, rather broadly rounded or some-
what umbilicated polar ends. Mature
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shell of six to seven volutions 0.68 mm
in half length and 041 to 0.55 mm in half
width, giving form ratio of 1.65 in adult
stage. First two or three volutions near-
ly spherical or somewhat staffelloid form,
axis of coiling divergent to outer volu-
tions. From subsequent outer volution
axis becomes extended gradually out-
wards. Polar regions vary {rom broadly
rounded or almost straight and with
high angle to axis of coiling in juvenile
volutions to rounded or slightly umbili-
cated in outer volutions.

Proloculus small, almost spherical in
shape, with an outside diameter of 60
microns in two specimens. Spirotheca
of proloculus thin, apparently structure-
less, consisting of a single thin homo-
geneous dense layer. Thickness of spiro-
theca of proloculus 7.5 microns in one
specimen. Shell expands slowly in inner
two volutions and slightly more rapid
but almost uniformly in subsequent outer
volutions. Average radius vectors of
first to seventh volutions for two speci-
mens 60, 100. 155, 225, 305, 410, and 550
microns, respectively.

Spirotheca quite thin, its structure
hardly observable in detail in inner two
or three volutions, but seems to be com-
posed of a thin alveolar keriotheca,
rather thick upper dense layer (or ex-
tension of parachomata) and thin lower
dense laver in subsequent outer volu-
tions. Average thickness of spirotheca
of first to seventh volutions for two speci-
mens 9, 10, 10, 9, 8, 10, and 10 microns,
respectively.

Septa essentially unfluted throughout,
rather thick at base but thin in the upper
part, composed of downward deflection
of keriotheca at base extending to a
fourth of height of each chambers and
extension of thinner dense deposits in
remaining parts. Counts of scpta of
second to fifth volutions in one sagittal

section 7, 11, 13, and 18, respectively.

Parachomata developed in rudimentary
form throughout except in first one or
two volutions where almost obscure;
reach to about one-fifth or one-third of
height of each volution. conic-like to
knoll-shaped with narrowly to widely
rounded tips. Apparent counts of para-
chomata of second to sixth volutions in
one specimen 12, 12, 16, and 16, respec-
tively, although somewhat obscure in
many cases.

Measurements .—see Table 3.

Remarks :—The specimen in hand is
closely allied to Misellina termieri de-
scribed hy DEPRAT from Cam-mon but
differs from the latter in having more
slender shell form. less developed para-
chomata throughout shell length, much
smaller shell, and thinner spirotheca.
The present species is also somewhat
similar to Misellina minor (DEPRAT) but
differs in that the former is somewhat
smaller in shell size and thicker shell
form. ‘The species is somewhat similar
to Misellina tosensis (TORIYAMA) in the
shell form but differs from the latter in
the more slender shell form of the ju-
venile volutions. The present species is
most closely allied to Misellina ibukiensis
described hy KoBayasui from the Ibuki-
yama limestone but slight difference is
found between them as, the former has
slightly thinner spirotheca and less de-
veloped parachomata. But both mayv be
identical with one another, and the trifle
difference stated above may be consid-
ered to be within specific variation.

Above all, the present species is a
typical form characterized by thin spiro-
theca throughout, less developed para-
chomata, and small shell size.

Occurrence :—Same as the former. IGPS
coll. cat. no. 78878 (specimen 302-1-a. and
302-1-d).

Associated fauna :—Same as the above.
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Misellina subelliptica (DEPRAT)
Pl. 9, figs. 8-18.

Doliolina subelliptica DEPRAT, 1915, Mém. Serv.
Géol. Indochine, vol. 4, fasc. 1, pp. 19-20,
pl. 3, figs. 5-6.

Misellina cfr. termieri SuvAari, 1962, Jour.
Gakugei, Tokushima Univ., Nal. Sci., vol.
12, p. 33, pl. 10, figs. 6-8.

Shell moderate in size for genus, stout-
ly inflated fusiform. rather strongly de-
pressed laterally, and rather asymme-
trical with almost straight axis of coil-
ing. Lateral slopes stoutly convex in
outer volutions but more slightly convex
or well rounded in juvenile volutions.
Polar ends broadly rounded in inner few
volutions but somewhat umbilicated in
outer volutions. Juvenile volutions coil
in staffelloid form. Mature shell of four
to eight volutions 0.41 to 0.84 mm in half
width and 0.60 to 1.00 mm in half length,
giving form ratio of 0.90 to 1.48. Aver-
age ratio of half length to radius vector
of first to eight volutions in three speci-
mens 0.56, 0.78, 0.81, 0.86, 0.88, 0.97, 0.93,
and 0.93, respectively.

Proloculus small, almost spherical to
somewhat cllipsoidal, with an outside
diameter of 30 to 110 microns, averaging
61 microns in nine specimens. Proloculus
wall seemingly structureless, consisting
of a thin homogeneous dense layer ; aver-
aging 8 microns thick. Shell expands
slowly in inner two or three volutions
but more rapidly but almost uniformly
from the subsequent outer volution to
maturity. Average radius vectors of
first to eighth volution for nine speci-
mens 65, 115, 189, 286, 396, 521, 599, and
840 microns, respectively.

Spirotheca thin, consisting of rather
thick lighter layer (in parts keriothecal
structure seen), upper dense layer, and
much thinner lower dense layer. Aver-

age thickness of spirotheca of first to
eighth volutions for 11 specimens 9, 12,
13,17, 20, 32, 26, and 23 microns. respec-
tively. »

Septa unfluted throughout, rather thick
at the base but decreasing in thickness
towards tips: composed of downward
deflection of keriotheca extending to a
fifth of height of each chamber at base
and thinner dense deposits in remaining
inner parts. Average counts of septa of
first to sixth volutions in five specimens
5. 10, 12, 15, and 16, respectively.

Parachomata  distinctly  developed
throughout except in juvenile one to two
volutions ; V-shaped narrower but higher
with narrowly pointed tips in median
part of profile, reaching to a half to a
third of height of each volution, where-
as semi-circular with broadly well round-
ed tips reaching to a half or so of height
of each chamber in remaining parts of
profile. Average counts of parachomata
of first to sixth volutions in three speci-
mens 8?9, 11, 15, 19, and 22, respectively.

Measurements . —see Table 4.

Remarks :—The species in hand deems
to be a form transitional between Misel-
lina and Brevaxina, judging from the
rather strongly laterally depressed shell
form and the developing of the para-
chomata in the median part of the pro-
file where the much narrower and higher
parachomata with tips quite narrowly
pointed prevail.

The present specimens coincide with
Misellina subelliptica from Cam-mon in
many important bio-characters. The
present specimens are also similar to
Misellina termieri reported by DEPRAT
from the same region as the above. But
the formers are somewhat more stoutly
inflated fusiform and somewhat laterally
depressed, and asymmetrical in shape,
with much more rapid expansion rate of
the corresponding each volution, and
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possess essentially narrower and higher
parachomata than those of the latter.
Misellina termieri veported by SUYARI
from Tosayama, Kochi Prefecture resem-
bles the present specimens in many bio-
characters, and may be identical.

Occurrence :(—Same as the former. [GPS
coll. cat. no. 78881 (specimen 302-2-a),
78879 (302-3-c), 78880 (302-4-c). 78882
(302-5-a), 78882 (302-5-b), 78883 (302-6-b),
78878 (302-1-b), 78882 (302-5-c), 78883
(302-6-a). 78383 (302-6-c), and 78884 (302-
7-a).

Associated fauna . —Same as the above.

Genus Brevaxina SCHENCK and
TaoMmPsoxN, 1910

Brevaxina hataii 1SHIZAKIL n. sp.
Pl 9. figs. 19-22.

Brevexine sp. A Suyart, 1962, Jour. Gakugei,
Tokushima Univ., Nat. Sci., vol. 12, p. 34,
pl. 10, fig. 13.

Shell small, subspherical. strongly de-
pressed laterally. with almost straight
axis of coiling. Lateral slopes stoutly
convex and well rounded median part
with broadly rounded to rather strongly
umbilicated polar ends. Juvenile volu-
tions (inner one to Lwo volutions) coil in
staffelloid form, depressed strongly with
broadly rounded or rather strongly um-
bilicated polar ends. Axis of coiling
with smallest diameter throughout. Ma-
ture shell of seven volutions 048 mm in
half length and 054 mm in half width,
giving form ratio of 0.89 in outer volu-
tion. Average ratio of half length to
radius vector of first to sixth volutions
in two specimens 049, 054, 054, 0.69,
0.71, and 0.79, respectively.

Proloculus small, almost spherical to
somewhat ellipsoidal, with an outside
diameter of 35 to 60 microns, averaging

43 microns in three specimens. Form
ratio of proloculus 0.83 to 1.00, averaging
0.92 for two specimens. Proloculus wall
seemingly structureless, consisting of a
thin homogeneous dense layer; averag-
ing 7 microns thick. Shell expands slow-
ly and almost uniformly throughout.
Average radius vectors of first to sixth
volutions for three specimens 57, 93, 158,
232, 318, and 420 microns, respectively.

Spirotheca thin, consisting of rather
lighter thick layer (or upper dense layer
as the extension of parachomata), thin
tectum. and lower dense thinner layer.
Average thickness of spirotheca of first
to sixth volutions for three specimens 7,
10,13, 16. 17, and 17 microns, respectively.

Septa unfluted throughout. V-shaped,
rather thick in outer volutions; rather
thick at base but decreasing in thickness
toward tips; composed of downward de-
flection of keriotheca extending to a fifth
of height of each chamber at base and
thinner dense deposits in remaining inner
parts: rather clubbed and thinner almost
same in thickness throughout length in
inner juvenile volutions. Septal counts
of first to fifth volutions 7,7, 11, 12, and
14, respectively.

Parachomata  distinctly  developed
throughout except in juvenile one to two
volutions ; V-shaped narrower but higher
with narrowly pointed tips in the median
part of profile, reaching to a half or
more than a half of chamber height of
each volution, but somewhat Kknoll-
shaped with rounded tips in lateral
slopes. reaching to a third or less than
a third of chamber height of each volu-
tion. Average counts of parachomata
of third to fifth volutions 13, 15. and 19,
respectively, although counts of them
difficult throughout shell owing to pres-
ervation.

Measurements :—see Table 5.

Remarks :(—The genus Brevaxing was
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first designated by ScHENCK and THOMP-
SoN (1940) with only one representative
species, in which the shell is small, sub-
spherical, and laterally compressed with
the axis of coiling having the smallest
diameter. Consequently. the form ratio
of it is about 0.6. Moreover, the shell has
much higher and narrower parachomata
which reach almost to more than a half
of chamber height. With those criteria,
the genus can be separated from Misel-
{in¢. Judging from the many bio-char-
acters of the present specimens in hand,
the specimens should be referred to
Brevaxina  without question, although
they have larger form ratio and smaller
shell than the type-species Brevaxina
compressa (DEPRAT).

The present species is somewhat simi-
lar to Misellina sp. described by SUYARI
from Kochi Prefecture. but differs from
the latter in having much strongly de-
pressed shell form of the juvenile volu-
tion. The species more closely resembles
Brevaxina sp. A described by SuUYARI
from Takinoshita, Shirakidani, Kochi
Prefecture, and the only slight difference
found between them is that the latter
has much less form ratio than the former,
although unfortunately, the larger part
of the outer volution of his materials
are broken and the details remain un-
known. Nevertheless, both should be
referred to the same species. The spe-
cies described previously as Brevaxina
sp. A was not named. therefore, the
writer, here, proposes a new specific
name for them on the basis of the pres-
ent specimens in hand.

Occurrence .—Same as the former. Holo-
type. IGPS coll. cat. no. 78880 {specimen
302-1-by. paratypes. IGPS. coll. cat. nos.
78880 (specimen 302-1-a), and 78882
(specimen 302-5-d).

Associated fauna:—Same as the above.

Reference Cited

Ciao, King-Koo (1947) : Stratigraphical de-
velopment in Kwangsi. Bull. Geol. Soc.
Chine, vol. 27. p. 338.

Deprat, J. (1912): Etude Geologique du
Yun-Nan Oriental. Etude des Fusulinidés
de Chine et d'lndochine et Classification
des Calcaires a Fusulines. Mém. Serv.
Géol. Indochine, vol. 1, fasc. 3, pp. 1-76,
pis. 9.

—— (1915) : Etude des Fusulinidés de Chine
et d'Indochine et Classification des Cal-
caires a Fusulines. Les TFusulinidés des
Calcaires Carbonifériens et Permiens du
Tonkin. du Laos et du Nord-Annam. Ibid.,
vol. 4, fasec. 1, pp. 1-30, pls. 1-3.

HuzivoTto, H. (1936) :  Straligraphical and
Paleontological Studies of the Titibu
System of the Kwanto-mountainland.
Part 2. Paleontology. Sci. Rept., Tokyve
Bunrika Daigeku, Sec. C, vol. 1, no. 2, pp.
29-125. pis. 1-26.

IsHizaxi, K. (1960) - On the Geology and
Tectonics in the Area Northeast of Kochi
City, Shikoku—On the Unconformable
Relationship between the Upper Palcozoic
and the Lower Cretaceous. Jour. Geol.
Soc. Japen. vol. 66, no. 780, pp. 553-565.

Kosavasi. M. (1957) : Paleontological Study
of the Ibukiyvama Limestone, Shiga Pre-
fecture, Central Japan. Sci. Rept.. Tokyo
Ryoikw Daigaku, Sec. C, rol. 5. nos. 47-48.
pp. 247-311. pis. 1-10.

Lee. J.S. (1931) : Distribution of the Domi-
nant Types of the Fusulinoid Foramini-
fera in the Chinese Seas. Bull. Geol. Sov.
China, vol. 10, pp. 273-288, pl. 1.

—— (1937): Foraminifera from the Donetz
Basin and their Stratigraphical Signi-
ficance. fbid.. vol. 16, pp. 57-107. pl. 2.

Morikawa, R.and Isomi, H. (1961) :  Studies
of Permian Fusulinids in the East of
Lake Biwa, Central Japan. Geol. Swurr.
Japan, Rept. No. 191 (A . X)), pp. 1-30,
pls. 1-21.

Ozawa, Y. (1925): Paleontological and
Stratigraphical Studies on the Permo-
Carboniferous Limestone of Nagato. Part



G4 Kunthwo ISHIZAKI

2. Paleontology. Jour. Coll. Sci., Imp. Univ.
Tokyo, vol. 45, Art. 6, pp. 1-90, pls. 1-14.

—— (1927) : Stratigraphical Studies of the
Fusulina Limestone of Akasaka, Province
of Mino. Jour. Fac. Sci.. Imp. Univ. Tokyo,
sec. 2, vol. 2, pt. 3, pp- 121-164, pls. 34-45.

ScHENcK, 1. G. and THoxzpsoN, M. L. (1940) -
Miselling and PBrevaxine, New Permian
Fusulinid Foraminifera. Jour. Paleont.
vol. 14, ne. 6, pp. 584-589.

SHENG, J. C. (1956) : Permian Fusulinids from
Liangshan, Hanchung, Southern Shensi.
Acta Paleont. Sinica, vol. 4, no. 2, pp. 175-
227, pls. 1-8.

Suct. T. (1960) : Evolution of the Verbeeki-
ninae, Fossils, no. 1, pp. 29-33.

Suyarig, K. (1961) : Geological and Paleonto-
logical Studies in Central and Eastern
Shikoku, Japan. Part 1. Geology. Jour.

Gakugei, Tokushime Univ., Nat. Sci., rol.
11, pp. 11-76.

—— (1962) : Geological and Paleontological
Studies in Central and Eastern Shikoku.
Japan. Part 2. Paleontology. Ibid., vol. 12,
pp. 1-64, pls. 1-12.

THomprson, M. L. (1948) : Studies of Ameri-
can llusulinids. Univ. Kansas, Pualeont.
Contr., Protozoa, Art. 1, pp. 1-184, pls.
1-38.

Torivyama, R. (1945) : On Some Fusulinids
from Tosayama, Kochi-ken, Shikoku, with
a Note on the Stratigraphical Range of
Neoschwagerina. Japan. Jour. Geol. Geogr.,
rol. 20, pp. 63-82, pls. 16-17.

—— (1958) : Geology of Akiyoshi, Part 3.
Fusulinids of Akiyoshi. Mem. Fac. Sci.,
Kyushu Univ., Ser. D (Geol.), vol. 7, pp.
1-264, pls. 1-48.

Akiyoshi £X &
Kwanto massifl Bygiiliih
Lake Biwa 5 &= #
Ryoseki ki1l =)

Shingai F=rI
Shirakidani AAa&
Takinoshita #&/F
Tosayama -ty

Explanation of Plate 9

TFigs. 1-2. Misellina aliciae (DEPRAT).

1-Axial section, specimen 302-1-c¢, IGPS coll. cat. no. 78878, x30.

2-Enlarged figure of the above, x73.3

Figs. 3-5.

Misellina cylindrica Isviz aki, n. sp.
3-Axial section, holotype specimen 302-3-a, IGPS coll. cat. no. 78879,
4-Sagit1al section, specimen 302-4-d, IGPS coll. cat. no. 78880,
5-Enlarged figure of the above (specimen 302-3-a),

x 30.
X 30.
X73.3.

Figs. 6-7. Misellina aff. ibukiensis Kosayashi
6-Axial section, specimen 302-1-a, IGPS coll. cat. no. 78878, x30.
7-Sagittal section, specimen 302-1-d. IGPS coll. cat. no. 78878, x30.
Figs. 8-18. Misellina subelliptica (DEPRAT).

Figs.

8,9-Axial section, specimen 302-5-a, IGPS coll. cat. no. 78882 and specimen 302-5-b, IGPS
coll. cat. no. 78882, x30.

10-Slighlly oblique axial section, specimen 302-3-c, IGPS coll. cat. no. 78879, x30.

11, 12-Crushed and ill oriented axial sections, specimen 302-4-¢, IGPS coll. cat. no. 78880
and 302-2-a, IGPS coll. cat. no. 78881.

13-18-Sagittal section: 13-specimen 302-3-¢ (IGPS coll. cat. no. 78882), 14-302-6-a (78883).
15-302-1-b (78878), 16-302-6-c (78883), 17-302-6-b (78883), and 18-302-7-a (78884), all.
x 30.

19-22.  Brevaxina hataii 1sH1ZAKI. n. sp.

19-Sagittal sections, specimen 302-5-d. IGPS coll. cat. no. 78882, x30.

20, 21-Axial sections, 302-4-a (78880) and holotype specimen 302-1-b (78880),

22-Enlarged figure of the holotype 302-4-b (IGPS coil. cat. no. 78880)., x73.3.

% 30.
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ON THE GENUS ACER WITH DESCRIPTION OF NEW SPECIES*
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The genus Acer is one of the most
abundant and common fossil plants in
the Cenozoic formations of Japanese
Islands. The fossils and existing species
of the genus are more than 300 species
in number.

Among the species, about 150 were
recorded by the many authors [rom the
Tertiary period in the World. In these
fossil species Acer arcticum is one of the
most characteristic fossil plants in the
Paleogene formations ; and lcer protoru-
finerve is in the Miocene of Japan; Acer
micranthum is in the Pleistocene Shiobara
formation. As already stated in the
palmately lobed lecaves of the genus Acer,
the number of lobes increases with ad-
vancing geological ages (Expo. 1935).
Next, in the marginal changes, Acer
arclicim is most simple and the apex of
dentation (or serration) is obtuse and not
pointed, while Acer proforufinerve is du-
plicate serration and the apex of scrra-
tion is acute. In Acer niicranthum, the
marginal serration is more complex and
duplicate (Expo, 1934, p. 245, pl. 28, fig.
1; pl. 29, figs. 1, 2; pl. 30, fig. 5) than
the above species. It seems to me that

* Received June 16, 1962 read June 2, 1962.

these changes of marginal serration are
due to climatic conditions; namely, Acer
arcticum grows, probably, at warm tem-
perate, Acer rufinerve, at mild temperate,
and Acer micrant/non grows at cold tem-
perate.

Among the 60 species of the principal
forest trees at the Tropical Philippines
(WuiTrorp, 1911), there are none of the
species, which has the leaves with ser-
rated or serrurated margins, and among
the 189 species of the trees and shrubs
of the Tropical Micronesia (ICANEMHIRA,
1933), only 10 species have the leaves
with fine and indistinct serrurated mar-
gins, about 5 percent, the other 179 spe-
cies, about 95 percent, are the leaves
with entire margins, while the 74 species
of the essential forest trees at cold tem-
perate, Hokkaido (Mivape and Kuno.
1929-31), only 9 species, about 12 percent,
have the leaves of entire margins, and
20 species, about 27 percent, have the
leaves of duplicate serrations.

Acer rufinerve is now existing in the
mountains of Japanese Islands (Honshu,
Shikoku, Kyushu), Korea and Manchuria.
In the mountains of Central Honshu. it
grows most luxuriantly at an altitude
of 1000+m (500—1300 m) above sea level,
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while Acer micranthim grows luxuriant-
Iy at an altitude of 1500 m (1100-2000 m)
above sea level, and Acer protorufinerve

is quite similar in the features to Acer

rufinerve. 1t may. probably, be a im-
mediate ancestor of Acer rufinerve S. et
Z. as it will be in detail, afterwards.

In the serrations of the dicotyledonous
leaf margin, Acer proforufinerve is one
of the most characteristic serration type
in the Miocene and in the later age, and
it 1s very rare in the Japanesc Paleogene
age.

Such developed serration type may not
be appeared in the Pre-Miocene age, there
are many species, which have the leaves
of such developed serration Ltype;
namely :  Belwla protoermanni (ENDO,
1955, pl. 28, fig. 4), Betula Qotanii (SUZU-
K1, 1961, p. 28, pl. 7, figs. 5. 6), Detula
miolwminifera (Hu and CUANEY. 1940, p.
30, pl. 5. figs. 5.6; pl. 7, figs. 1-3: pl. 9,
fig. 1), Betula miomaximowicziana (T ANAL,
1962, p. 289, pl. 10. figs. 6. 8), Betula
maximowicziana (OKuTsvu, 1910, p. 159,
pl. 8 figs. 1. 2; pl. 9. fig. 4; pl. 10, fig.
41 and Alus maximowiczii (OKUTSU, 1940,
p. 158, pl. 10. fig. 3; pl. 12, figs. 2. 3).
ctc.. these are the most characteristic
Miocene species, and they are very rare
in the Paleogene age of Japanese Islands.

Descriptions of Species
Acer arcticum HEER

Pl. 10, fig. 5

Description :—Leaves orbicular in out-
line, length and width 4 to 5cm., re-
spectively ; margins with irregular or
sinuate dentate, apex of dentations ob-
tuse or rather rounded, truncate or
cordate at base: palmately 3-5 nerved.
midrib stout, branching 4 secondaries

diverging from the midrib at angles of

401 degrees and branching few seconda-
rics on ouler sides, basal primaries di-

verging from the midrib at angles of

about 60+ degrees and branching 4 to 7

secondaries on outer sides. All seconda-

ries, craspedodrome. Tertiaries percur-

rent between the secondaries and curving

outwards. Areolation thin and polygonal

texture coriaceous.

Remarks :—The present species is one
of the most common and characteristic
plants (NaTiorsT, 1888, p. 11, pl. 3, fig.
1: OisHl and HuJioka 1943, p. 87. pl.
9. KonsTanNTOW, 1914, p, 8 pl 4, fig.
1: Expo, 1941, p. 129: Enpo. 1942, p.
40, pl. 16, fig. 11; pl. 17. fig. 10) in the
Paleogene floras of East Asia. The pres-
ent material is quite similar to the spe-
cies from the materials of Alaska (HoL-
LiCcK, 1938, p. 133, pl. 77, fig. 1; pl. 79,
figs. 7. 8), Greenland (HEER, 1876, p. 86,
pls. 22-25: 1883, pl. 84, fig. 2) and Spitz-
bergen etc., and the features are quite
identical with the species, and the char-
acteristic samaras with the leaves are
quite agreeable with the Spitzbergen’s
material (HEER, 1877, p. 86, pl. 22, fig. 2).
The species is one of the most abundant
and characteristic plants in the Wood-
wardia zone at Shimizusawa, Yubari-
city, Hokkaido, Japan.

Samara of Acer arcticion HEER
PL. 10, fig. 4

Description (—Samara, about 3.5cm. in
length, wing about L.5cm. in maximum
width: gradually narrowed upwards,
outer margin straight, inner more or
less rounded: veins about 13 in number
at basal part near seed. veins in outer
part strongly thick, inner part one thin,
curving inwards and irregularly branch-
ing ; seed, acute-angled triangle in shape,
about 6 mm. long, and 4 mm. wide; angle
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between the ouier margin and contact
line of fruits. about 30 degrees.

Remarks :—The present samara is quite
identical with the samaras of Acer arc-
ticum HEER which was illustrated and
described by Herr (1877, p. 86. pl. 22,
fig. 2) from Cap Lyell, Spitzbergens. As
already stated, the leaves and samaras
from the bank of the river Yubari, Shi-
mizusawa, Yubari-city, Hokkaido, are
quite identical with Acer arcticum HEER.

Horizos :—Woodwardia formation, Ishi-
kari Series, Hokkaido.

Acer protorufinerve EXDO, n. sp.
PL. 10. fig. 2

Description :—Leaf five lobed. ovate in
general outline, length 11 cm., maximum
width 85 c¢m.. middle lobe large and pro-
longed and pointed at apex, margins du-
plicate-serrate, apex of serrations sharply
pointed. basal lobes small and indistinct :
base slightly cordate. Texture membra-
naceous. Petiole stout 3.5cm. in length,
midrib stout and gencrally straight,
lateral primaries diverging from the
midrib at angles of about 45+ degrces.
basal primaries diverging from the
midrib at angles of about 80 + degrecs.
Al primaries run to the tip of the lobes.
Secondaries diverging 11 alternate pairs
from the midrib, at angles of about 45=-
degrees, stout and curving upwards;
secondaries from the lateral primaries,
8 on outer side and 5 on upper part of
inner side. somewhat curving upwards:
secondartes {rom basal primaries 6 or 7,
on outer side. All secondaries, craspe-
dodrome. Tertiaries and areolation. poly-
gonal or quadrangular. thin and indis-
tinct.

Remarks —The present fossil is quite
similar to some* of the fossile leaves of
Acer rufinerve S. et Z.. which is now

exist in Japanese lslands (llonshu, Shi-
koku and Kyushu). It may be a pro-
genitor of the species. Among our col-
lections from the same formation, there
are quite identical leaves and samaras
to the species (ENDO. 1951, p. 53. pl. 8,
figs. 4. 5). From the formation, there
are many occurrences of fossil leaves
and samaras belonged to the genus Acer.
Among them, Acer Yobei ENDO (ENDO.
1950, p. 13, pl. 3. fig. 7) is a most char-
acteristic samara. This samara is quite
identical to some of the samaras of
Acer Osmonti KNOWLTON from the Mio-
cene of Latah formation (see Jour. Wash-
inglon Acad. Sci.,, Vol. 27, p. 510, fig. 1,
1937). Among the samaras, which were
described by many authors as a Acer
Osmonti, it seems to me, that it contains
many different species.

Locality and formation : — Nishizawa,
Akyu-mura, near Sendai, Japan, Shira-
sawa formation (Miocene).

Acer micrantium S. et Z.
(ENpO, 1934, 1955)

P1. 10, figs. 1, 2

Description :—Leaves medium size, or-
biculate in outline, about 7 cm. in length.
and about 6cm. in maximum width, pal-
mately quinque-lobate; lobes lanceolate
eiliptical or ovate-lanceolate with incised
duplicately serrulated margin, basal lobes
smallest ; apex of lobes greatly prolonged
and sharply pointed: base slightly cor-
date. Texture coriaceous. Petiole long,
slender, about 4 to 6cm. long. Middle
primary rib slender, thin distad, making
with lateral primaries an angle of about
45 degrees, and with basal primaries an

= Acer rufincrre (OxkuTsu, 1940, p. 164, pl
4, figs. 1, 2; Expo, 1951, pl. 40, fig. 1) are the
same species to Acer protorufinerve.
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angle of about 90 degrees. All primaries
thin, slender and run to the tips of the
lobes. Secondaries diverging from the
midrib about 7 subalternate paris at
angles of about 50 degrees. Secondarics
from the lateral primary ribs diverging
about 6 alternate pairs at angle of about
40 degrees. Secondaries from the hasal
primary ribs thin diverging, about 2 or
more pairs. All secondaries craspedod-
rome. Tertiary veins and areolation thin
and indistinct.

Remarks :—These fossils are quite
identical to the leaves of the existing
species clcer micranthum S. et Z. The
remains are common in the Shiobara
Pleistocene plant beds, generally with
complex duplicated serrulations of the
leaf margin, which the writer believes,
is one of the most characteristic (eatures
of the leaves at the Pleistocene age of
Japanese Islands. Such a highly speci-
alized leaf margins gradually evolved
from a simple entire margin under cer-
tain physical conditions, probably low
temperature, seeing that we have a great
number of trees in cold temperate flora,
bearing leaves with such duplicated ser-
rulations but almost none is the warm
temperate (Expo, 1931, 1932, 1935). This

ENDO

species is now living in the mountains
of Japanese Islands (IHonshu, Shikoku,
Kyushu), Korea and Manchuria. In the
mountains of central Honshu, it grows
most luxuriantly at an altitude of 1500+
(1100-2000) meters above sea level.
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Introduction

The purpose of this paper is mainly
to describe two new species of Opis from
the Cretaceous of Kyushu and Hokkaido,
with some remarks on the definition and
the taxonomic position of the genus.

Genus Opis characteristically occurs
in the Mesozoic of Tethys and Circum
Pacific regions and no species have as
yet been found in the Tertiary rocks.
It is, however, rather rare in the Japa-
nese Mesozoic strata, only four species
having been recorded from the Mesozoic,
of which three are Jurassic species,
namely Opis (Coelopis) torinosuensis Ki-
MURA (1956), Opis (C) tanourensis TA-
MURA (1959) and Opis (Trigonopis) trigo-
nalis TAMURA (1959), and one is Creta-
ceous, that is Opis (Trigonopis) hagine-
ensis AMANO (1957).
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Remarks on the genus Opis
and its allied group

Genus Opis was established by DE-
FRANCE in 1825 on the basis of Trigonia
cardissoides LAMARCK. According to
Muxier-CHALMAS (1887, in FISCHER, p.
1019}, the generic diagnosis is described
as follows.

“Coquille cordiforme-trigone, convexe,
solide, obliquement carénce; crochets
trés éleveés, saillants, recourbés en avant
ou subspirax lunule large, plus ou moins
deprimee ; bord postericur court, surface
presque toujours sillonée concentrique-
ment ; hord des valves plus ou moins
denticlé ; charniére portant a droite ; une
longue dent cardinale etroite, allongée,
saillante, verticale; a gauche: une dent
cardinale anterieure trés et une forte
dent cardinale posterieure saillonnée a
sa face extreme: dents latérales mulles
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ou obsolétes ; ligne palldéale simple.”

To quote partly from BicoT (1895, p.
156), the teeth of the genus is described
as follows.

“Charniére de la valve « (droit) port-
ant une grosse dent cardinale cannelée
sur sa face postérieure ou sur ses deux
faces. Charniére de la valve g portant
deux dents cardinales divergentes, dont
la postérieure est trés développee, quel-
quefois cannelee sur ses deux faces ou
sur la face postcrieure, et 'antérieure
est rudimentaire ou nulle.”

Subfamily Opisinae CHAVAN (1952) con-
sists of a number of genera and sub-
genera, such as Opis, Trigonopis, Pachy-
opis, Coelopis, Cryptocoelopis, Protopis,
Heteropis, Myophoricardium, Opisoma, Tri-
gonoastarte and Seebachia. Among the
above, the six genera and subgenera,
Opis, Trigonopis, Pachyopis, Coelopis, Opis-
oma and Seebachia, commonly occur in
the Cretaceous deposits and here deserve
special treatment.

The criteria to distinguish them are
mainly in the shape of the shell, the fea-
ture of the lunule and disposition of the
hinge teeth. MuNiErR-CHALMAS, BicoT
and ARKELL (1934) hold that the striae
or grooves on the side of the cardinal
teeth are the most important character
to separate the subgroups (subgenera or
sections) of the genus Opis. | am agree-
able with them, although the biological
meaning of the striae may not be per-
fectly clear.

The definition of the generic and sub-
generic diagnosis may be given in the
following way :

Disposition of the hinge teeth
1. One cardinal tooth in the right valve
and two in the left valve.
genus Opis
1.1. striate on both sides of the cardinal
tooth in the right valve.
subgenus Opis

1.2. striate on the posterior side of the

cardinal tooth in the right valve.
subgenus Trigonopis
13. not striate. subgenus Pachyopis

2. Two cardinal teeth in each valve,

2.1. striate on the both sides of the car-
dinal tooth. genus Opisoma
2.2, not striate. genus Coelopis
3. One cardinal tooth in the right valve
and a divergent V-shaped cardinal tooth
in the left valve. genus Seebachia

From the description by BicoT (1895),
it is evident that Opis cardissoides, the
type-species of Opis, has one cardinal in
the right valve and two in the left valve.
Moreover, the cardinal of the right valve
is very large, erect and striate on both
sides. In the left valve the poslerior
cardinal is relatively large and striate
on its anterior side, while the anterior
is small or rudimentary and not striate.

MUNIER-ClIALMAS  (1887) established
the two sections. Coelopis and Trigonopis,
in the genus. Distinction between Coel-
opis and Trigonopis is clear. The former
has a very large and deeply excarvated
lunule and not striate on the sides of the
teeth. The latter has a shallow lunule
and the cardinal tooth of the right valve
is striate on the posterior side.

From the foregoing remarks. Opis (s.s.)
is to be defined as follows.

In shell-form Opis (ss.) follows the
general characters of usually understood
Opis (s.1.), but it has the most diagnostic
feature in the hinge structure. The car-
dinal tooth in the right valve is very
large. trigonal, erected and located at the
anterior part of the hinge plate. The
tooth is striate on both sides as in Tri-
gonians. The left valve has two diver-
gent long cardinal teeth, anterior of
which is small, anteriorly inclined and
more or less rudimentary. The posterior
one is large, stout, striate on its anterior
side and located nearly parallel to the
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postero-dorsal margin.

Genus Opisoma was established by STO-
LICZKA (1871, p. 276) on the basis of Opis
paradox BUVIGEIER. [t is characterized
by the following features. “ Shell trigo-
nal, much higher than long. with long
attenuated slightly incurved and ap-
proached beaks; lunule large and deep:
hinge with the cardinal clongated teeth
in each valve, and a small posterior lat-
eral tooth situated above the posterior
muscular impression, which is only
slightly larger than the anterior one,
both being deeply excaveted ™ and " In the
form, they perfectly resemble some spe-
cies of Opis, but the hinge is consider-
ably different, possessing more cardinal
teeth than are to be observed in that
genus.”

The description of the type-species of
Opisoma is partly quoted from BicoT
(1895. p. 161) in the following lines.

“ Plateau cardinal ¢épais portanl a la
valve « (droite) une grosse dent cardi-
nal striée sur ses deux faces une dent
antérieure plus ou moin développée, a la
valve 2 (guche) une forte dent cardinale
postérieure stride sur ses deux faces et
une dent antérieure, plus ou moin dé-
deloppee, stri¢e sur sa face postérieure.”

ANDERSON (1958, p. 122) in describing
Opisoma pacifica says, *In the interior
feature of the shell, the species departs
farther from the Indian type (Opisoma
geinitziana, figured and described by
StoLiczKA in 1871), having in part morc
prominent but shorter teeth, of very une-
qual size and length; in the right valve.
the anterior tooth is shorter, and more
prominent than in the Indian type, and
more prominent and longer than the po-
sterior in the same valve, the latter be-
ing only one-third the length of the for-
mer, and it rises to only half the height
the anterior tooth. In the left valve the
teeth are also of unequal size, though

their respective length and prominence
are reversed ; the posterior tooth greatly
exceeds the anterior in length and pro-
minence.”

The above quoted ANDERSON's specific
diagnosis of the interior feature is es-
sentially the same as proceeding BIGOT's
subgeneric diagnosis. 1 am inclined to
believe that Opisoma has two cardinal
teeth in each valve.

Method of Measurements

Becausc the shell outline of Opis is
generally very oblique. the usual method
of measurement is inadequate for expres-
sing the true shape of the shell, I have
employed the following method for the
measurements ; (Text-fig. 1):

Text-fig. L.

Height (11): Maximum distance from the
tip of the umbo to the farthest point of
the ventral margin.

Length (L) : Maximum distance from the
anterior to the posterior margin between
the most produced points.

Thickness (T): Maximum dimension of
the shell measured normal to plane of
commissure.

Umbonal Angle (UA): Angle between the
antero-dorsal margin and the postero-dor-
sal margin.

Postero-dorsal Angle (PDA): Angle be-
tween the postero-dorsal margin and the
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posterior margin.

Postero-ventral Angle (PVA): Angle be-
tween thc posterior and the ventral
margin.

Oblique Angle (OA): Angle between the
posterior margin and the line from the
tip of the umbo to the postero-ventral
edge.

Systematic description
PELECYPODA
Family Astartidae D'ORBIGNY
Subfamily Opisinae CHAVAN
Genus Opis DEFRANCE, 1825
Opis (Opis) amakusensis UEDA, sp. nov.
PL 11, figs. 1-4, 15

Material :—Tlolotype : GK-H. 6098, right
valve collected by myself from Loc. K-
20, the grey silty sandstone of Member
Id, Himenoura group.

Measurement :—Length : 31 mm, height:
44 mm, thickness (1/2): 13.5 mm, umbonal
angle: 48°, postero-ventral angle: 84°,
postero-dorsal angle : 146°, oblique angle :
227,

Diagnosis:—The shell is relatively
large for the genus, trigonally sub-qua-
drilateral in outline, very inequilateral.
equivalve and considerably inflated. The
test is thick. The height of the shell
is much larger than the length. The
anterior margin is rounded, passing grad-
ually into the slightly curved ventral
margin; the posterior margin straight,
slightly concave, forming an angle of
about 84° with the ventral margin and
also an obtuse angle of about 146°
with the long and straight postero-dorsal
margin.

The beak is very prominent, orthogy-
rate or slightly prosogyrate and situated

at one-third the length of the shell from
the anterior extremity. The umbo is
very prominent and inflated.

A radial ridge, which extends from the
umbo to the postero-ventral angle, has
a sharp angle of about 87° in section on
the umbonal area and a rounded angle
of about 110° in section near the postero-
ventral margin. The surface is divided
by the radial ridge, of which the pos-
terior one is nearly plane and so abrupt-
ly deflected that it is scarcely visible
from the side view, although it embraces
about one-third of the total surface of
the valve. The posterior area is divided
into two parts by an obvious but dull
carina which ends at the postero-dorsal
angle. The outer part of the area is
nearly plane and slightly concave, while
its inner part is well defined and de-
pressed forming an escutcheon which
resembles a lunule, but is not so deep
nor so cordate. The umbonal angle is
about 48”.

The surface of the shell is ornamented
by closely spaced fine lines of growth
and more distant and irregular concentric
undulations.

The hinge plate is heavy, wide and of
trigonal outline and shows the charac-
teristic structure of the genus. In the
right valve there are a single very large
trigonal tooth and two smaller and elon-
gated sockets. The cardinal is coarsely
striate at right angle to the hinge plane
on both sides of the tooth. The hinge
of the left valve and the inner feature
of the shell are not observed. The inner
margin of the shell may be crenulated.

Comparison :—Opisoma geinitiziana STO-
Liczka (1871, p. 288, pl. 10, figs. 11, 1la,
11b) from the Ootatoor group of South
India and Opisoma pacifica ANDERSON
(1958, p. 122, pl. 26, figs. 5, 6) from the
Upper Cretaceous of the Pacific Coast of
California, are apparently similar to the
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present species in general aspects, but
they are distinguished from the present
species in having more cardinal teeth in
each valve, a more curved anterior mar-
gin, a straighter and slightly more con-
cave ventral margin and larger size.

The present species more or less re-
sembles Opis neocomiensis D'ORBIGNY,
figured and described by Woobn (1906, p.
118, pl. 17, figs. 8-12), from the Lower
Greensand of Upware and Secd in Eng-
land, but the former is casily distin-
guished from the latter in having larger
umbo, a larger size, and irregular con-
centric undulations.

Occurrence:—The locality of the de-
scribed specimen is K 20, Furukojiro in
Amakusa-Kamishima, Kumamoto Prefec-
ture, Kyushu. It was found in fine sand-
stone belonging to Member |b of the

Yoshwro UEDA

The present species is associated with
Nucula formosa NAGAO, Inoceramus sp.,
Polyptychoceras sp., Gaudryceras sp., and
Platycyatinus cf. kawakamiensis Ecucul.
Member Ib of the Himenoura group is
assigned to the lower part of Upper Ura-
kawan, approximately Lower Santonian
(see UEDA and FURUKAWA, 1960).

Opis (Opis) hoklaidoensis UEDA, sp. nov.
Pl 11, figs. 5-14, 16

Material .(—olotype : GK-H 6101 Para-
types: GK-H 6099, 6100, 6105. and many
other specimens are at hand. They were
collected by T. MatstMoro, H. Kino
and J. iwamoro from Loc. KU 1055 and
1060. in eastern part of Hokkaido. Their
preservation is good but the shell mate-
rial is partly removed.

Lower formation of the llimenoura group. Measurements . —

e - O Thick- . | s ou
Specimens Height | Length ness ‘ 0OA UA ‘ PDA PVA
GK-H 6101 I 375 28.0 27.0 38° 62° 130° 90*
GK-H 6099 27.0 20.7 21.8 42° 60° 115° 110°
GK-H 6100 29.2 23.4 25,0 —_ X — — —
GK-H 6105 30.0 23.0 23.0 34° 61° 130° —
GK-H 6106 29.0 23.0 22.0 34 1300 ! 92°

Diagnosis :—The shell is of medium to
large size, trigonal to subquadrate in
outline, inequilateral, equivalve and very
convex. The test is thick. The height
of the shell is larger than the length.
The anterior margin is rounded, passing
gradually into the moderately curved
ventral margin. The postero-ventral an-
gle is about 90° to 110*, being regularly
curved from the posterior to the ventral
margin; the postero-dorsal angle about
130°, being abruptly curved from the
posterior 10 the postero-dorsal margin.

The umbo is very prominent, appro-
ximated and slender. ‘The beak is in-

65°

curved, approximated, slightly prosogy-
rate and situated at ahout middle of the
shell length. The umbonal angle is about
60° to 65°.

A ridge extends from the umbo to the
postero-ventral angle. It shows a well-
defined angle of about 110° in section on
the umbonal area and a rounded and dull
angle of about 120° in section near the
postero-ventral margin.

The surface is divided by the radial
ridge, of which the posterior area is
further divided into two parts by a dis-
tinct and rounded carina ending at the
postero-dorsal angle. The part between
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the ridge and carina is flattened and
slightly concave. The part behind the
carina, escutcheon, is moderately de-
pressed.

The lunule is cordate, very deep and
bordered by a very elevated and rounded
ridge.

Surface ornamentation consists of
many fine lines of growth and more
widely and regularly spaced concentric
rings.

The hinge shows the characteristic
structure of the genus, having a single
very large triangular tooth in the right
valve and two elevated ones in the left
valve, of which the anterior is small,
more or less rudimentary and fused with
the edge of the shell; the posterior one
is large, stout with obliquely striate
inner surface and located nearly parallel
to the postero-dorsal margin. In the
right valve, the arrangement of the gro-
oves on both sides of the tooth is very
cblique to the hinge plane.

The inner margin of the shell is cre-
nulated : other inner features are not
well observed.

Comparison :—QOpis neocomiensis D'OR-
BIGNY figured and described by WooD
(1904b, p. 118, pl. 17, figs. 8-12) from the
Lower Greensand in England, closely
resembles the present species in size,
sculpture and other general feature but
the former is oblique and has a different
form of the posterior margin.

Opis glareosa P. DE LORIOL and Opis
hugardiane D'ORBIGNY figured and de-
scribed by P. DE LorioL (1882, p. 92, pl.
11, figs. 5-10), from the Gault of Cosne
in France, resembles the present species,
but they are distinct from the present
species in having a more slender umbo,
a more angular antero-ventral angle and
larger in height.

Opis repleta STOLICZKA (1871, p. 288, pl.
10, figs. 9-10), from the Ootatoor group
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in southern India, is smaller than the
present species and differs from it in
every specific features.

Opis (Trigonopis) haginoensis AMANO
(1957, p. 97, pl. 2, figs. 25, 26). from the
Miyakoan beds near llagino, Kochi Pre-
fecture, closely resembles the present
species in the general feature and the
disposition of the teeth but differs in the
form of the ventral margin and the cre-
nulation of the inner margin of the shell.

Opis (Opis) amakusensis n. sp. (see P.
73 of this paper) {rom the Lower for-
mation of the Himenoura group in Ama-
kusa-kamishima closely resembles the
present species but it differs from the
latter in having an irrcgular spaced con-
centric undulations and grooves on the
cardinal tooth which are perpendicular
to the hinge plate.

Occurrence :—Localities KU 1055 and
1060, Ponporoto, Hamanaka-mura, Akke-
shi-gun, in eastern Hokkaido. The stra-
tigraphic position is the Lower formation
of the so-called Hamanaka formation:
The associated species are, according to
T. MATSUMOTO, Gaudryceras (Vertebrites)
kayei (FORBES), Glycymeris shimonada-
ensis ICHIKAWA & MAEDA, Rivachonella
sp. and Halymenites sp.. The geological
age is probably Lower Maestrichtian or
Upper Campanian.

Synoptic list of the Cretaceous species

rearranged by the author

Opis DEFRANCE, 1825
Type-species: Opis cardissoides DEFRAN-
ce (Trigonia cardissoides Lavarck) by
monotype, from the Jurassic of Germany
(DEFRANCE, 1825, Dictionnaire des Sci-
ences naturelles Conchyliologie, tom. 36,
p. 219, pl. 70, figs. 3a, 3b: pl. 100, fig. 1)
(BicoT, A.. 1895, Sur les Opis. p. 91).

Opis coquandiana ’ORBIGNY, 1843, p. 54-55,
pl. 257, figs. 7-8. France, Albian
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Opis galliennei D'ORBIGNY, 1843, (no descrip-
tion), pl. 2575is, fig. 5. France, ?
Opis Ligeriensis p'ORBIGNY, 1843, (no descrip-
tion). pl. 257bis, France, ?
Opis repleta StoLiczKkA, 1871, p. 288, pl. 10,

figs. 9-10. South India, Turonian
Opis triangulate, (COOPER), STAaNTON, 1895,
p. 59. California, Maestrichtian
Opis rosarioensis ANDERSON & Haxna, 1935
p. 31, pl. 10, figs. 2, 3.
California, Maestrichtian
Opis rosarigensis, ANDERSON, 19538, p. 122.
California, Maestrichtian
Opis shastalis ANDERSON, 1938, p. 121, pl. 4,
figs. 4-5. California, Aptian
Opis woodsi CoLLigNox. 1939, p. 14, pl. 1, fig.
20, 20a. Madagascar, Turonian
Opis (Opis) neocomiensis DORBIGNY, 1813, p.
51-52, pl. 253, figs. 1-5.
France, Neocomian
Opis (Opis) hugerdiana p'OrBIGNY, 1843, p.
52-53, pl. 253, figs. 6-8. France, Albian
Opis (Opis) sebandiana D'ORBIGNY, 1843, p.
53-541, pl. 254, figs. 1-3; pl. 257, figs. 4-6.
France, Albian
Opis (Opis) elegens D’'ORBIGNY, 1843, p. 55-56,
pl. 254, figs. 4-9. France, Turonian
Opis (Opis) glareosa LorioL, 1882, p. 92-94, pl.
11, figs. 5-10. France, Albian
Opis (Opis) hugardiana n'OrBIGNY, LORIOL,
1882, pl. 11, figs. 11-12.  France. Albian
Opis (Opis) californica STANTON, 1895, p. 58-
59, pl. 7. figs. 1-4. Californica, Neocomian
Opis (Opis) neocomiensis Woobns, 1904, p. 118-
119, pl. 17, figs. 8-12. England, Aptian
Opis (Opis) haldonensis Woobs, 1904, p. 119-
120, pl. 18, figs. la-b.
England, Cenomanian
Opis (Opis) bruni Cossman, 1916, p. 413, pl.
17, fig. 1. France. Aptian
Opis (Trigonopis) MUNIER-CHALMAS, 1887, in
FiscuEr, p. 1019, pl. 19, fig. 24.
Type-species : Opis lunulata MILLER
20pis (Trigonopis ?) haginoensis AmaNo, 1957,
p. 97, pl. 2, figs. 25, 26. Japan, Albian
Opis (Trigonopis) dubisiensis PicTET et Canm-
picHE, 1864, in GiLLET, 1925, p. 108, pl. 2,
fig. 16. France, Neocomian
Opis (Pachyopis) Bicor, 1894
Type-species: Opis ponderosa DESLONG-

cHAMPS, Bajocien.

Coelopis MUuNIER-CnaALMAS, 1887, in FrsCHER.
p. 1019,
Type-species :
Bajocien

Coelopis Lorioli PICTET et CAMPETICHE, 1864,
in GiLLer, 1925, p. 108, fig. 67.

France, Neocomian

Coelopis Isarae Gras, 1852, in GiLLeET, 1925,
p. 108, fig. 67. France, Neocomian

Opisoma SToLiCzZKA, 1870
Type-species : Opis paradox BUVIGNIER

Oxfordian

Opisoma genitziana SrtoLiczkA, 1870, p. 288,
pl. 10, figs. 1la-c. Soulh India, Albian

Opisoma pacifica ANDERSON, 1958, pp. 122-123,
pl. 26, figs. 5, 6.

California, Maestrichtian

Opisoma vanconverensis (WHITEAVES) ANDER-
soxN, 1958, p. 123. California, Senonian

Qpisome vancouverensis WHITEAVES., p. 158,
pl. 18, fig. 4, 4a. California, Senonian

Opis lunulata SOWERBY

References

Amano, M. (1957) : The Lower Cretaceous
Fauna from Hagino in southern Shikoku,
Japan. Kumamoto Jour. Sci., Ser. B.. Sec.
1, Geol., vol. 2, pp. 77-113, pls. 1-2.

AnpERSON, F. M. (1938) : Lower Cretaceous
Deposits in California and Oregon. Geol.
Soc. America, Special Paper, No. 16, p.
includ., pls. 1-83.

—— (1958) : Upper Cretaceous of the Pacific
coast. Geol. Soc. America, Memoir 71,
378 p., includ., pls. 1-75.

ARKELL, W.J. (1934) : A Monograph of the
British Corallian Lamellibranchia, Pt. V1.
Paleontographical Society, London, 1932,
pp. 229-276, pls. 29-36.

BicoT, A. (1895): Memoire sur les Opis,
Faune Jurass de Normandie. AMem. Soc.
Linneenee Normandie, Tom. 18, 2¢ fasc..
pp. 155-191, pls. 10-11.

Cuavan, A. (1952) : Mélanges Paléontologi-
ques, Il et V. Cahievs Géol. Thoiry, N«
15, pp. 123-128.

Cossman, M. (1916) :
caires D'Orgon.

Les Coquilles des Cal-
Bull. Soc. Géol. France,



451, Oms from the Cretaceous 77

4 Serie, Tom. 16, pp. 336-431, pl. 10-17.

FiscHer, P. (1880-1887) : Manuel de Conchy-
liologic et de Paleontologie Conchyliologi-
que, pp. 1369, pls. 24 (Paris).

GiLLET, S, (1924-25) :  Etudes sur les lamel-
libraches neocomiens. Mémoires Soc. Géol.
France. Neuvelle Serie, Tom. 3, Mém. N*.
3. pp- 1-224, pis. 1-2 (1924) : pp. 225-339,
maps 1-2 (1925).

Kimura, T. (1956) : Some Pelecypods from
the Upper Jurassic Torinosu Group in
Kochi Prefecture, Japan. Jour. Eurth Sci.,
Nagoye Univ., Vol. 4, No. 2, pp. 80-90,
pl. 1.

Lorioi, P. (1882): Etudes sur la Fauna des
Couches du Gault de Cosne (Nievre).
Mem. Soc. Pal. Suisse, Tom. 9, pp. 1-118,
pls. 1-13.

ornioNy, A, d° (1843-47) : Description des
Mollusqus et Rayonnes Fossiles, Pal.
Franc. Terr. Cret., Tom. 3 (Lamellibran-
chia), pp. 1-807, pls. 237-270, 242his, 257bis,
266%s (1943): pls. 271-489, 283bis (1844
1847).

SranTton, T. W. (1895) :  Contributions to the
Cretaccous Paleontology of Pacific Coast,
The fauna of the Knoxville Beds. U.S.
Geol. Swre., Bull. 133, pp. 1-132, incl. pls.
1-20.

StepnessoN, LW, (1952): Larger Inver-
tebrate Fossils of the Woodbine Forma-

tion (Cenomanian) of Texas. U.S. Geol.
Akkeshi-gun i =24
Amakusa-Kamishima K& {-g
Furukojiro o R

Surv., Prof. Paper, No. 242, pp. 1-226. pls.
8-39.

Storiczka, F. (1871): Cretaceous fauna of
south India, vol. 3, Paleontologia Indica.
Pts. I-4, pp. 1-222, pls. 1-12 (1870): Pts.
5-8, pp. 223-409, pls. 23-28 (March, 1871);
Pts. 9-13, pp. 409-337, pls. 24-50 (Aug.
1871).

Tanura, M. (1959) : Some pelecypods from
the Upper Jurassic Sakamoto formation
in Central Kyushu, Japan. Trans. Proc.
Paleont. Soc. Japan, N.S., No. 35, pp. 113-
120, pi. 12,

UepAa, Y. and Furukawa, N. (1960) : On the
Himenoura group of Amakusa-kamishima
and adjacent islets, Kumamoto Prefec-
ture. Sci. Rep. Fac. Sci.. Kvushu Univ.,
Geol. Vol. 5, No. 1, p. 14-35 (in Japanese
with English abstract).

Waring, C.A. (1917):  Stratigraphic and
fauna relations of the Martinez to the
Chico and Tejon of southern California.
Proc. California Acad. Sci., 4th Scr.. Vol.
7. No. 4, pp. 41-134, pls. 7-16.

Winteaves, J. F. (1879) : Mesozois Fossils.
Vol. 1, No. 2, pp. 93-190, pls. 11-20.

Woobns., H. (1906) : A Monograph of the
Cretaceous lamellibranchia of England.
vol. 2, pt. 3, Pinnidae, Astartidae. Cardi-
tidae, Crassatellitidae, and Cyprinidae.
Paleontographical Society, London, 1906,
pp. 97-132, pls. 12-18.

Hagino * B
Hamanakamura #Eepft
Ponporoto PR



78 Yoshivo UEDA

Explanation ol Plate 11

Figs. 1-1. 15. Opis (Opis) amakusensis UepA. sp. nov.
1. Exterior of a right valve, x1
2. Anterior side view, X1
3. Interior side view, x|
4. Posterior side view, x1 .
15. Showing the hinge character, x3 of a Hololype, GK-IT 6098, from Loc. K 20, Ama-
kusa-kamishima, Kyushu, Japan.
Figs. 5-14, 16. Opis (Opis) hokkaidoensis UEDA, sp. nov.
5. Exterior of a left valve, x1
Anterior side view, X1
Posterior side view, X1
Exterior of a right valve, x1 of a Holotype, GK-H 6101.
9. Exterior of a left valve, x1
10. Anterior side view, X1
11. Posterior side view, Xl
12. Exterior of a right valve, X1 of a Paratype, GK-~II 6099.
13. Posterior side view, X1
14. Exterior of a right valve, x1 of GK-H 6105.
16. Showing the hinge character. x3 of GK-H 6100.

e B

All from Loc. Ku 1055, 1060, l{amanaka-mura, Kushiro Province, llokkaido, Japan
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