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231. VARIATION OF JAPANESE Anadara granosa*

TAMIO KOTAKA

Tohoku University, Sendai
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InTRODUCTION

The so-called Anadara granosa is a
common Arcid pelecypod in the Pleisto-
cene deposits of the Miura and Bdso
Peninsulas in the Kwanto area, the
Furuya shell beds in Shizuoka Prefecture,
and occurs in the raised beach de-
posits of these Peninsulas and in other
regions. It is also commonly found
in the shell mounds distributed from
Miyato-jima in Matsushima Bay, Miyagi
Prefecture to Kylshai along the Pacific
boaderland. As living it is known from
the littoral zone of the Setouchi, Oka-
yama Prefecture, Ise-Bay, Mie Prefec-
ture; and Ariake Bay, western Kyashi.
It is known that the fossil and Recent
forms have remarkable variations in the
shape, thickness and other character of
shell. J. B. P. A. LaMarck recognized
three varieties of the species, namely,
a, b and ¢. Of his specics, L.. A. RErVE
allocated LAMARCK'S var. a to Anadara
rhombea (Born) which is said to be
characterized by having a greater num-

* Read June 22, 1952; received Aug. 28, 1952.
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ber of radial ribs, and the other two
varieties to Anadara granosa. In 1938,
H. G. ScuenNck and P. W. REINHART sepa-
rated the Japanese Recent form from
the typical granosa by the less number
of ribs, more elongated shell outline and
rather narrow umbones. For this type
of shell they proposed the name to bis-
enensis and added that this occurs in
Japan also as fossil. T.Kuropa and T.
Hang, from their observations on Recent
material, treat bisenenesis as a subspe-
cies of Anadara granosa.

To determine the limits of variation and
taxonomic values of the shells hitherto
referred to granosa and bisenensis
in Japan, a survey of the statistics of
the conchometry of these shells was
made. The mathematical values obtain-
ed from measurements of length, height
and convexity were considered by the
formula of the rejection-ellipse. The
results in terms of position and range
of the variation are as shown in figure
2, in which the respective localities of
the measured specimens are given.

Heartiest appreciations are due to
Professor Shéshiré Hanzawa for encour-
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agement and also to Professor Kotora
HaTa1 for his contiguous guidance dur-
ing the course of the present study.
Thanks are also due to Professor T.
Imal, Tisheries Institute and Professor
I. Moromura, Institute of Biology, both
of the Tohoku University for-their ad-
vices concerning biological statistics.

During this study, specimens have
been received from the following persons
to whom acknowledgements are due,
Mr. T. Haer and F. Ursumi, Zoological
Institute, Kyoto University; Mr. H. Ozaxi,
Tokyo Science Museum ; Mr. K. Suvari,
Geological Institute, Tokushima Univer-
sity ; Dr. I. Tax1, Onomichi Marine Labo-
ratory, Hiroshima University; and to
the officials of the Fisheries Experimental
Stations of Fukuoka and Saga Prefec-
tures. )

MeTHOD oF MEASUREMENT

Arcid shells are characterized by hav-
ing a straight hinge provided with serial
teeth. Thistaxodont character is import-
ant in taxonomy and is also convenient
for a conchometric study. As shown in
Fig. 1, the more accurately measurable

I\

o

Fig. 1

dimensions are chosen ; that is, the length
(L) of the shell is represented by the
maximum distance between two lines
perpendicular to the hinge line and in
contact with the anterior and posterior

margins of the shell; the height (H) by
the maximum distance between two lines
parallel with the hinge line and in con-
tact with the wventral margin and the
top of the umbo; and the convexity (C)
is defined as the distance from the plane
of the inner margin of the shell to the
most inflated point on the outer surface.
These dimensions are measured carefully
with callipers, and the values are count-
ed to the degree of 1/20 mm.

Re1ectioN-ELLIPSE

Brief notes on the rejection-ellipse are
quoted as follows.

Let us denote, hereupon, H/L by x,
C/L. by », and let x, and y be mean
values respectively. Then the equation
of the rejection-ellipse is

o= S Pute—R
—2(01(x—2%) (93—
+(bg(y—-y‘;2} e (1)

where, @ =3 (%), Q=71 (x—3%)
(y=3) On=(—3); d=PuPr—bh;
N: number of specimens: Fy: the value
of F, in the F-distribution under the
two degrees of reedom =2, n,— N—2,
and level of significance (0.05); a; and
yi are each measured values (=1, 2, 3,
4, ... , ND.

In the equation (1), let & =x—% &,
= y—3, then (1) is introduced into a;¢?
+2ay, &) £yt antd =0, in general.

Whereupon, the inclination (8) of the
long axis of the rejection-ellipse is given
by the following equation;

2a1p
a)—ax»

tan 20 =

and the lengths of the two axes are
two real roots of

N—(an+an) A+(ay ap—ai) =0.
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REesurTs AND CONSIDERATIONS

The results of calculation are shown
in Table 1 and Tigure 2. In Table 1,
the samples without the values of #, a
and b do not indicate the true values
of the equation of the rejection-ellipse,
because of some of the measurements of
H,C, or L are inaccurate due to damage
of the shell by subsequent agencies as
erosion, water-worn etc.

As shown in Figure 2, although the
rejection-ellipses, which represent the
position, range and tendency of varia-
tion of the so-called Japanese fossil and
Recent granosa and bisenensis, overlap
each other and thus suggest a continuous
change of shell shape between the fossil
and Recent forms, they can be divided
into three groups. That is, Group 1
represented by the rejection-ellipses of
Dutch Borneo and Minato silt (1), Group
2 by that of Kojima Bay and Ariake
Bay and Group 3 by that of Okinawa,

100

T H/L (%)

35
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Minato silt (2) and the Byobugaura
formation.

Judging from the arrangement of the
rejection-ellipses, it is inferred that the
granosa or bisenensis of Japan can be
divided into three forms according to
their shell profiles.

The first form is shown by the ellipses
for Dutch Borneo and Minato silt (1)
in Figure 2; this form may be safely
assigned to Anadara granosa (s.s.), based
upon the morphological coincidence with
L.A. Reeve's description of the species
The second form which is represented
by the ellipses of Kojima Bay and Ariake
Bay has an elongated shell profile, rather
narrow and low umbones and less num-.
ber of ribs as has been pointed out by
H. G. Scuenck and P. W. REINHART ; this
is Anadara granosa bisenensis ScHENCK
and Reixuart. The third form is repre-
sented by the ellipses of fossil and semi-
fossil forms from the raised beach de-
posits of Okinawa-Island, Minato silt (2)

CrL (%

40 as 50 ss

Ilig. 2. Graph showing the Rejection-Ellipses (Level of significance :
0.05) of the specimens from Each Localities.
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Table 1

No. | Horizon or Age| N x=H/L v=C/L 0 a b Remarks
1. |  Recent |63| 780 D%z | 1% 613 | 460 g b.
ol . e 781 187 | 1925 752 | 381 g b.
3. " 10 80.1 395 11032/ 60 | 127 g b.
4. . 11 827 105 | 34565 | 372 | 155 £.
5. | Shell mound [33| 832 | 384 39°41/ 191 | 84 g
6. | Minato Silt (1) 20| 821 100 | 3003 311 150 | @ o
7. | Raised Beach? { 11 897 | 61 | 2155 738 | 555 o.
g | MinafoSilt? | 6| 870 154 45° 513 | 179 o.
o | Taito Shell ™\ a7 g9 | 437 36°185' | 597 | 32 | o

_ 10. | Byobugaura F. [ 18 854 451 40°28.5/ 58.4 19.3 0.
1. " 7| s6a4 1467 42°20.5' | 1443 | 380 o.
12. | Shell mound |10 8.5 45.3 o B o (o)
13. | Yurakacho F. | 25 815 379 (;;.)
14. Narita F. 10 84.9 387 o ()

0: Inclination of the long axis
a: Length of the long axis
b: Length of the short axis
g b.: Anadara granosa bisenensis

g A. granosa

o.: A. obessa

No.

—

©END U AW

— et fed el e
o wNn = o

Locality

} of the rejection-ellipse.

Table 2

Kojima Bay. Okayama Prefecture.
Ariake Bay, Saga Prefecture.

. , Fukuoka Prefecture.
Dutch Borneo.
Horinouchi, Yo6ré-mura, Ichihara-gun, Chiba Prefecture.

Coast of Kazusaminato-machi. Kimitsu-gun, Chiba Prefecture.

Coast of Nago-machi, Kunigami-gun, Okinawa Island.

Coast of Sanuki-machi, Kimitsu-gun, Chiba Prefecture.

Coast of Okayoshi-machi, Isumi-gun, Chiba Prefecture.
Kamisawa-nakamura, Totsuka-ku, Yokohama City, Kanagawa Prefecture.
Atoyamada, Totsuka-ku, Yokohama City, Kanagawa Prefecture.
Tsukumo, Okayama Prefecture.

Near the Funabashi race-course, Funabashi City, Chiba Prefecture.
Otake-machi, Inba-gun, Chiba Prefecture.
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and Byobugaura formation. Although
the morphological characters of H/L and
C/L more or less overlap those of Anad-
ara granosa bisenensts, the very thick
shell and more than 84% of C/L seem
to warrant the proposal of the new
name of Anadara obessa.

It is interesting to find two types of
shell among the samples from the Mi-
nato silt. The specimens from Minato
silt (1) were collected from the exposure
near the coast of Kazusaminato-machi,
while those of (2) are uncertain because
they were collected from the shore and
are thought to have been washed out
from a submerged different horizon of
probably of the Minato silt. According
to the oral information of Mr. F. Ugba
who made a pioneer stratigraphic work
on the Miura and Bésdé Peninsulas, the
Minato silt contains two horizons of
Anadara.

The arrangement of the cllipses of
fossil and semi-fossil forms and their
relation to those of the forms as shown
by groups 1 and 3 in the figure suggests
migration and a type of differentiation
of species or phylogenetic development,
but details will be reserved for another

Measurement :

Valve Length Height Convexity
R. 715 €4.15 32.35
R. €435 52.0 294
R. 570 520 27.2
L. 55.1 52.4 271
R. 53.0 4865 24.67
R. 52.0 45.0 22,75
I.. 51.6 45.4 2315
I.. 513 419 21.73
L. 50.0 444 24.0
R. 48.7 42.25 210
L. 47.25 44.0 231

opportunity.

DescrirrioNn oF NEW SpECIES
Family Arcidae
Genus Anadara Gray, 1847
Subgenus Tegillarca IRepaLE 1939

Anadara (Tegillarca) obessa
Kortaka, n. sp.

Pl. 4, Figs. la-6c.

Description :  Shell thick, large in size,
quadrate in outline, posterior border
more or less straight ; equivalve, inequi-
lateral, heart-shaped in lateral view,
ventral margin squarely rounded; um-
bonal region swollen, beak more or less
incurved and directed anteriorly: liga-
mental area broad, arcuately trigonal
in profile, sculptured with five chevron-
shaped grooves; surface with 17 radial
ribs cross with concentric growth lines,
anterior part of shell with 12 strongly
granulated ribs and the posterior with
5 smooth ribs which are slightly broader
than their flattened interspaces in width.

Number

of ribs H/L C/L
17 89.8 453 Holotype
17 88.5 45.7 Paratype
17 91.2 47.7 "
19 95.0 492 ”
17 91.9 46.6 "
18 86.5 438 "
17 88.0 4.9 "
16 87.5 43.2 .
17 88.8 480 .
17 86.8 431

19 93.2 486
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Holotype : 1GPS coll. cat. no. 66356;
Coast near Nago-machi, Kunigami-gun,
Okinawa-Island. Derived from the raised
beach deposits,

Remarks: Anadara rhombea (BorN)
(L. A. ReevE, Conch. Icon., 1844, sp. 12)
from the Chinese Seas and Ceylon pos-
sesses a similar shell profile, but is dis-
tinguishable from the present species by
greater number of radial ribs and shape
of umbones. Anadara (Anadara) kake-
hataensis Hatal and Nisivama (1949, pl.
23, figs. 8-10) from the Miocene Susahara
formation of Toyama Prefecture is dis-
tinguished from the present form by the
sculpture and number of radial ribs,
-posterior slope and profile of ligamental
.area.
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Explanation of Plate 4

Figs. 1a-1d—Anadara (Tegillarca) obessa KOTAKA, n. sp. x2/3. Holotype, IGPS coll. cat. no.
66536." Lcec. Coast near Nago-machi, Kunigami-gun, Okinawa Island. Raised Beach Depusits.

Figs. 2a-2d— Anadara (Tegillarca) obessa KOTAKA, n.sp. x2/3. Paratype, IGPS coll. cat. no. 66536.

Pigs. 3a-3c—Anadara (Tegillarca) granosa bisenensis SCHENCK and REINHART. Topotype, 1GPS
coll. cat. no. . Loc. Kojima Bay, Okayama Prefecture. Recent.

Figs. da-dc—Anadara (Tegillarca) granosa LINNE. IGPS coll. cat. no. 13229
Kazusa-minato-machi, Kimitsu-gun, Chiba Prefecture. Minato silt, Holocene.

Figs. ba-5b—Anadara (Tegillarca) granosa LINNg. IGPS coll. cat. no. 41659. Loc. Dutch Borneo.
Recent. -

Figs. 6a-6c—Anadara (Tegillarca) obessa KoTAKA, n. sp. Saito Ho-on Kai Mus. Reg. no. 6703.
Loc. Coast, W of Sanuki-machi, Kimitsu-gun, Chiba Prefecture. Minato silt. Holccene.
(Al figures in natural sizz unless otherwise stated).

Loc. Coast of
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232. FOSSIL ASSEMBLAGES OF MOLLUSCS AND BRACHIOPODS OF
UNUSUALLY LARGE SIZES FROM THE PERMIAN
OF JAPAN*

ICHIRO HAYASAKA

Hokkaidoé University and Kanazawa Univer:ity

and

sHOZO HAYASAKA

Téhoku University
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It is well known to the geologists and
paleontologists of Japan that the Fusu-
lina-limestone of Kinshozan, Akasaka-
machi, Gifu Prefecture, yields, or at least
yielded, abundant fossils of several spe-
cies of molluscs of enormous sizes at a
certain bed of the limestone sequence.
Although known for a very long time,
this faunule had not been paleontologic-
ally studied until the senior author of
this paper described a part of it in 1925.
The study was suspended for about a
dozen of years, and then continued in
Taiwan (HavasakA, 1938-43).

Kinshozan has been visited by many
geologists and paleontologists, and studied
biostratigraphically by some of them.
But nobody has ever explained the mode
of occurrence of these huge molluscs but

T. Wakiszu (1902), who briefly account-
ed for how these f{ossils were found in
the mother rock. In the upper part of
the “ Black zone” which is the 4th from
below of his 8 ‘" zones,” altogether esti-
mated to be about 500-600 meters in
thickness, there are thin beds of “very
impure,” black limestone, rather earthy
and brittle, having a tendency to cleave.
These beds are usually not more than
30cm. thick. It is in these beds that
WakiMizu collected his excellent lot of
specimens described by the senior auther.
These fossils have been found at Kinsho-
zan very abundantly since long before
WAKIMIZU'S time, and consequently many
specimens are found in the natural his-

* Read Sept. 27, 1952; received Oct. 27, 1952.
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tory collections of schools, not to say of
universities and muscums. They were
supplied by specimen dealers. It is said
that the specimens occur rather rarely
these days. The molluscs are found in
association with large specimens of Neo-
schwagerina globosa YA and some
others, which are often compressed into
flat discs. Other fossils found together
are a few brachiopods (HAYAsAKA, 1932)
and corals (YaBe et Havasaga, 1915).
The geological age of the faunule is late
Permian. The black, bituminous lime-
stone forms a part of the uppermost of
the 4 Neoschwagerina zones into which
Ozawa (1927) once divided the whole se-
quence of the Fusulina-limestone of Kin-
shozan according to the different dominant
species ; namely, in descending order,

Zone of N. (Yabeina) globosa YABE

Zone of N. margarilae DEPRAY

Zone of N. craliculifera SCHWAGER

Zone of N. (Cancellina) nipponica OZAWA

Another Permian fauna which equals
the foregoing one in point of being com-
posed of extraordinarily large individuals
is the brachiopod assemblage from the
limestone of Kuzii region in the Kwanto
mountainland near Utsunomiya city. In
this region a Fusulina-limestone forma-
tion occupies a wide area, and the
foraminifers are collected very abundant-
ly at many localities. Mammalian re-
mains are also rich in the limestone
caves developed here and there (Shika-
Ma, 1949). At a few quarries several
species of brachiopods of enormous sizes
were collected by the senior author in a
rather thin (about 15 m.), black, bitumi-
nous bed of limestone, exposed around
Kadosawa in a small tributary of the
Nagano-gawa, West of Nabeyama. The
descriptions of these fossils, also by the
senior author, were published in 1933.
At these localities the black brachiopod-

limestone bed does not contain fusulinids,
while they are very richly found in the
gray limestone bed overlying the former.
This fact, combined with the general
older, Carboniferous aspect of the general
that are mostly represented by new
species, made the senior author regard
the faunule upper Carboniferous, though
rather hesitatingly (IHAavasaka, 1933, pp.
15-16). In reality he was deeply con-
cerned about the fact that the huge
specimens are confined to the bituminous
rock just like in the case of the mother
rock of the molluscan assemblage of
huge individuals of Kinshozan, Gifu Pre-
fecture. However, it seems there are
subsequent field observations by some
geologists by which the geological age of
the brachiopod fauna is claimed to be
Permian. According to the kind oral in-
formation of Saburd Yosuina, Kushiro
Branch of the Hokkaidé College of Lib-
eral Arts (Gakugei Daigaku), who
carried out field surveys in the Kuzi
region a few years ago, the black, bitu-
minous limestone with huge brachiopods,
but without fusulinids, is continuous with
the gray Fusulina-limestones both above
and below in the immediate neighbor-
hood of Yamasuga, about 5km. south of
Kadosawa, and close to the town of
Kuzii. We are indebted to Yosuipa for
several specimens among which there are
two of Orthotichia japonica from Yama-
suga (PL I, Fig. 2). Once Nacao and
Mi~xato reported that they had found
pieces of Fusulina limestone at the foot
of a cliff formed of the black, bituminous
limestone in the neighborhood of the ex-
posure of Kadosawa where the brachi-
opods had been collected. It is they that
first cast doubt on the Carboniferous age
of the brachiopod fauna. That the bran-
chiopod-bed and the overlying Fusulina-
bearing limestone are stratigraphically
continuous was recognized in Kadosawa
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region : no evidence of a physical uncon-
formity was recognized between them.
Thus, it now seems clear that the Nabe-
yama fauna also is of Permian age;
although it may not be synchronous with
the molluscan fauna of Kinshozan.

Almost all the other occurrences of
Permian macro-faunas in Japan are in
the Kitakami mountains in northern
Honsh{i. There the fossils are, even if
found in limestones, of ordinary sizes,
as if to correspond to the non-bituminous
nature of the rocks.

Here, we will enumerate the members
of the two assemblages of unusually
large fossils from the two regions refer-
red to above. Measurements given are
the miximum values obtained of the
specimens so far studied by the senior
author.

(*indicates specimens not unusual in size.)

(1) The Kinshdzan fauna, Gifu

Prefecture.

A. Pelecypoda: (H, height; L. length; in
mn.)
Liebea sinensis FRECH. H, 46; L,30

Myophoria japonica HAYASAKRA {1, 35; 1,
45
Parallelodon obsoletiformis HYSK. H, 22;
L, 48
Solenomorpha elegantissima HyskK. H, 90;
L., 240
B. Scaphopoda: (1., length; D, diameter in
mm.)

Dentalium akasakensis HYsK. L,150; D, 17

D. neornatum HYSK. L.ca. 220; D, ca. 24

D. (Plagioglyota) herculeum DEKON. L,

200; D, 22

C. Gastropoda:
mm.)

Bellerophon jonesianus DEKON. H,130; W,

124 (Pl. L, Fig. 1) This is the largest

specimen of this species we have ever

come across with. This specimen hap-

(H, height; W, width: in

pened to be in the collection of the De-
partment of Geology and Mineralogy,
Hokkaido University, together with several
other kinds of fossils.

*B. jonesianus var hiulciformis HYsk. (Only
1 spzcimen) H, ca. 30; W, ca. 32

*Pleurolomaria off. multicarinatus MANSUY.
(Only 1 specimen) H, ca. 65: W, 60

P. Yokoyamai HYSK. H, 180; W, 160

Muschisonia Yabei HYsK. H, 400; W, 130

*Solenopsis multicostata 11YsK. H.14; W, 55

Naticopsis Wakimizui HYsk. H, 140; W 120

*N. minoensis HYSK. H, 40; W, 30

*N. fusciata HYSK. (Only 1 specimen) H,
14; W, 12

*N. cf. pracalta WANNER. H, 45: W, 35

Naticella japonica HyYsk. H, 8.6; W, 6.2

Trachvdonmia magna 1IYSK. H. 68. W, 61

T. conica Hysk. H 92: W, 75

*Spiromphalus Yabei Hysk. H, 14; W, 4

As far as the material examined is
concerned the specimens of ordinary sizes
are very few in number of individuals
except the last one. Spivomphalus is a
new genus very much like such small
forms as Zygopleura or Psendozygoplenra
in point of size and external characters.
This species abounds in the bituminous
limestone. It was suggested that they
also might represent unusually large
forms of what is ordinarily much smal-
ler. It is also possible, however, that
this species is indifferent to changing
environmental factors or conditions ad-
verse to other gastropod kinds. Although
Spiromphalus Yabe: is a small gastropod,
yet it is as a whole larger than species
of Pseudozygoplenra described by Kxigur
(1913).

At any rate, it is fascinating to look
at these sp-cimens gathered together,
because the dominant and more numerous
members are extraordinarily large, and
also the shells are all very thick and
massive as is recognized in the pic-
tures given in the papers describing
them.
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(I11) The Nabeyama fauna, Tochigi
Prefecture.

This is a brachiopod fauna in which the
following species have been recognized. (I,
length; W, width D, depth: in mm.)

Orthotichia japonica HYsk. L, 94; W, 97;
D, 61
O. japonica subsp. striata HYSK. L.75; W, 88
Enteletes acutiplicatus Hysk.(Only 1 speci-
men) L, 36; W. 39; D, 34
Meckella gigantea HYSK. L, 1060; W, 127;
D, 90
Ortholetina planoconvexe HYSK. (Only 1
specimen) L, 45; W, 55
O. eusarkos ABICH subsp. /ata HYsK. (Only
1 specimen) .. ca.65; W,ca 88; D, ca. 40
( ?) Davisiella comides (SOWERBY) subsp.
(Only 1 specimen) W, 170
Streptorhynchus sp. indet. W, ca. 40
*Productus ( Echinoconchus) defensus (THO-
MAS). W, ca. 45 (estimation)

*Spirifer aculiplicatus HYsk. L, 35; W, 41

*Squamularia sp. L, ca. 37; W, ca. 40

*Martinia sp. L, 35; W, 33

This assemblage also gives a deep im-
pression of magnificence when seen in
an array.

In paleontology assemblages of dimuni-
tive fossils seem to have attracted atten-
tion of scientists, and much has been
discussed, and many theories propounded,
on' the cause of such assemblages. On
the contrary, assemblages of giant in-
vertebrates seem to have occurred rather
rarely. Occurrences of certain enormous
individuals are on record, however, and
various explanations have been tried.
Dacaug (1921), for instance, cites the
occurrence of Oligocene Nalica crassalina
in different growth sizes, namely, the
specimens preserved in coarse sand facies
are twice as high as those found in mud-
dy matrix and considered as normal in
growth. The same author mentions as
factors stimulating unusual growth the
changes in temperature of the sea water,
isolation and protection from enemy on

islands particularly in case of terrestrial
animals, and so on. The relation between
the growth size and the chemical pro-
perties of surrounding sea water is
summarized by him as follows; animals
grow larger in calcareous facies, smaller
in pyritic facies, and those in phosphatic
facies are intermediate in size (DaqQug,
1921, p. 37).

There may be many such cases and
many such explanations in geological
literature. For the understanding of
such phenomena we have refer as much
as possible to the observed facts and
results of experiments in the ecological
studies of life in Recent szas. We must
have knowledge on the effects of sedi-
ments and sedimentation, chemical,
physical and biological influences of en-
vironmental factors on life. In this
connection we find G. E. MacGixiTE'S
(1935) studies on the *“ Ecological Aspect
of a California Marine Estuarry” very
instructive and suggestive. In this paper
MacGINtTE gives the details of his very
thorough observations during many years
at Elkhorn Slough. It contains many
facts that are important for geologists
and paleontologists for their paleoecolo-
gical interpretations and explanations of
things and phenomena at hand. In con-
nection with the problem of dwarf inver-
tebrate assemblages, however, one of the
recent papers of CrLoup (1948) is very
instructive. In this paper he deals with
the assemblages of dimunitive fossil
brachiopods on record in America. Vari-
ous cases are analysed, and different
theories scrutinized. After careful con-
sideration he assumes that the following
three cases are possibly responsible for
dwarfed assemblages. Namely,

1) Assemblages of dwarfs (dimunitive adults)
due to physiological retardation of growth,

2) Mechanical segregation due to moving
waters,
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3) Assemblages of immature specimens arrest.
ed in growth or killed young by the change
of evironmental factors.

The three causes Ci.oup assumes pos-
sible for the production of dwarf assem-
blages similarly function in giving rise
to giant assemblages. That is:

1) Assemblages of unusually large individuals
resulted from the physiographical accelera-
tion of grownth,

2) Mechanical segregation of giants by mov-
ing waters,

3) Assemblages ot individuals grown unusually
large under changing environmental factors.

Of these three possiblilities 2 may be
left aside with our giant assemblages,
because they have particular composi-
tions, one being chiefly molluscs and the
other almost exclusively * brachiopods,
and contain many smaller species in as-
sociation. Mechanical segregation does
not seem to have played any important
part in these cases. 1 and 3 may be
dealt with as in an intimate mutual re-
lation. ‘The influences of the changing
environmental factors may affect organ-
isms through physiological processes
Consequently these two possible causes
may be regarded as a continuous series
of processes.

Strictly speaking, however, the same
environmental factors, or their changes,
may call forth more or less different
responses in different organisms. For
this Amemiva's (1928) ecological re-
searches on the Japanese oysters, which
will be referred to later, is suggestive.
Our faunas can be regarded as assem-
blages of individuals which grew abnor-

*By the courtesy of Saburd YOSHIDA we could
see a picture of a Plenrotomaris-like gastropod
he found in the black. bituminous, brachiopod-
limestone of the Nabeyama region. The
specimen will be examined in a near future.

mally large in response, or adaptation, to
certain particular ecological conditions or
environmental factors.

‘Thus, our problem is reduced to what
the environmental condition or conditions
can be which provoked unusual growth
of the fossils under discussion, on the as-
sumption that such really did exist.

The environmental factors that have
influences upon marine invertebrates are
many as is discussed by MacGinitg, but
1) the chemical and physical nature of
water including salinity, 2) the depth of
habitat, and the character of bottom,
may include most of them. In our cases,
the depth and the bottom characters are
rather easy to guess. The majority of
molluscs and brachiopods are not deep-
sca dwellers. The fossils under considera-
tion are embedded in bituminous lime-
stones, which are sediments rich in organic
matter, that is, sapropelic, and deposited
under stagnant condition of water, as
is explicitly defined by Krumsrin and
Sross in their recent trearise. Such sedi-
ments are formed in coastal, shallow
seas, possibly seculuded at least partly
from open ocean as almost basins.

The salinity comes into consideration.

‘In this regard we find in Grapau (1931)

an interesting example, as we already
quoted by the senior author in his Nabe-
yama paper. In his voluminous mono-
graph on “the Permian of Mongolia”
Grasau described numerous species of
of fossils including brachiopods and
molluscs among others. According to
him these molluscs and brachiopods do-
minantly show dwarf characters, that is,
they are as a whole smaller in size than
the same or allied forms known from the
other parts of the world. He tried to
find explanation of this phenomenon in
the analogous Recent ccological facts
observed in and around the Bay of Pe-
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chili, north China. On studying marine
molluscs living in the Bay of Pechili, and
comparing them with the corresponding
forms living outside the Bay, he assured
that the former are decidedly smaller
than the latter. This is considered by
him chiefly due to the subnormal salinity
of the Pechili water caused by the great
amount of fresh water poured in by the
Yellow River. Of course it is not only
the fresh water that is brought into the
Bay by the Yellow River, but there is
an enormous volume of fine debris car-
ried down from the loess countries up-
stream : this must have some important
influence upon the life in the Bay.
Grapauvu’s (1931) conclusion concerning
the subnormal growth of the Mongolian
Permian marine invertebrate fauna is
that the Permian sea in that region was
of a similar character as the Pechili Bay
of to-day, the salinity of the water having
been subnormal as compared with that
of the more open sea of the other parts
of the world.

The significant bearing of the change
in salinity of sea water on the life of
marine invertebrates is exemplitied in
AMeEMIYA's (1928) ecological studies on
the oysters of Japan, as mentioned above.
He made observations and experiments
in the natural habitats and in laborato-
rium concerning the effects of change
of salinity on the growth of oysters of
several kinds. From his conclusive re-
marks we like to quote that:

1) there is the optimum of salinity;
either too high or too low has an unto-
ward effect upon reproduction, and 2)
the suitable salinity for development in
experimental studies coincides with the
actual salinity of the natural habitat of
the full grown oysters.

To speak of the optimum, it must be
in each of the environmental factors, in

theory, and, consequently the reclation
between environmental factors and or-
ganisms is a quite complicated matter.
But if the conclusions of AMEMIYA on
the Recent oysters hold true to a consid-
erable cxtent with the other marine
invertebrates both living and fossil, then
we can not expect a high salinity as the
factor stimulated the molluscs and
brachiopods to grow unusually large, as
the senior author assumed in his Na-
beyama paper, in this case the term
growth meaning the normal continuous
changes from young to adult. It is be-
cause an unusually high salinity is an
adverse condition for the animals to live
under, just like a subnormal salinity
causes damages to life. As a matter of
fact the Zechstein faunas of Europe are
known to be dwarfed because of the
Zechstein sea having been too high in
salinity (MacGinrre, 1939). Perhaps a
case observed by MacGiniTE on Califor-
nia shore may be mentioned here as an
example of the lethal effect of abund-
ant fresh water flowed into a shallow
sea on the life therein. There may be
many such cases which are useful data
for the study of paleoecology. By way
of referring to MacGiniTE, he gives an
interesting account of his observation on
the effect of bottom material on the
growth of Schizohaerus nutiali in Elk-
horn Slough, California (MAaAcGINITE,
1935 &'39a). The individuals living on
loose sandy zone are the largest in growth,
those on the heavy clay soil the smallest,
and those inhabiting the Zostera ground
intermediate in size. This almost cor-
responds to the case of Oligocene Natica
crassatina referred to by Dacouis (1921),
cited above.

Concerning the problem of unusually
large growth there is very much more
to be investigated and contemplated.
First of all we have to look for examples



TFossil Assemblages of Molluscs and Brachiopods of Unusually Large Size 43

comparable to the Japanese occurrences
of the Permian assemblages discussed in
this article. FEcological observations in
the actual seas and inhabitants there
must be extended to the assemblages of
unusually large growth. At the present
stage of our knowledge, however, we can
not but try a tentative conclusion, that
there is the possibility of the gigantic
Permian fossil assemblages being the
result of pathological plumpness, that is,
hypertrophy. This, in turn, is considered
closely related with the saproplelic nature
of the marine sediments which were de-
posited in certain basins of limited
extensions. Hypertrophy, in passing, is
often a symptome of extinction of the
animals. The so-called Anthracolithic
fauna of Balia Maaden in Asia Minor
(Experer, 1900) also is in part, at least,
preserved is a bituminous limestone, and
consists of some huge specimens of gas-
tropods (Pleurotomaria, Muychisonia) and
Dentalinm. The huge forms in this fauna
also have symptomes of hypertrophy, and
may represent an occurrence comparable
to some extent with the Japanese ones.

One thing interesting to note before
concluding this note is that in Mongolian
Permian dwarf fauna Spirifers alone are
recognized by Grasau (1931) to be in
normal size of growth. The reason is not
clear at all. Among the fossils of the
Japanese Permian faunas also Spiriferids
of Kinshézan and those and a Producius
of Nabeyama are of sizes generally con-
sidered as normal, as is evident in the
list of specics given elsewhere. This is
an interesting coincidence. This may be
explained for the time being that Spiri-
ferids are stable, and more resistant
against the adverse life conditions than
the other groups of brachiopods, this
explanation involving some unsolved pro-
blems. However, the similar differential

adaptation may take place in some other
groups of marine invertebrates, as is
suggested by some minute kinds of fos-
sils foun:1 as members of the assemblages
of giants.
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Explanation of Plate 5

Fig. 1. Bellerophon jonesianus DEKONINCK. Natural size. This is the largest specimen we have

seen, but we have no reason to say that this is the largest specimen of this species hitherto
discovered at Kinshdzan. because it is not possible for us to examine all the specimens in var-
jous repositories in Japan. This specimen measures 130 mm. in height and 124 mm. In width.
Many other specimens we have had chance to see are, on an average, not much smaller than
3/4 in height of the specimen here pictured.

Fig. 2. Orthoticha japonicu HAYASAKA. Natural size. This is not to represent the largest size of

this species, but i3 pictured to show one of the specimens discovered at other locality than
Kadosawa where the original material of the Nabeyama fauna was found. This and a few
other specimens were collected by Saburo YOSHIDA in the black, bituminous limestone deve.
loped at Yamasuga. Here the bituminous limestone does not contain fusulinids, and lies between
Fusulina-limestones with Parafusulina kaerimizuensis. YOSHIDA presented to us several speci-
mens of this species he collected at Kadosawa which used to be very popular at this place.
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Introduction

This paper treats smaller Forami-
nifera collected by Prof. S. Hanzawa
and Mr. S. Imanisul from the Shintotsu-
gawa arca, Kabato-gun, Ishikari prov-
ince, Hokkaido, in 1950.

A condenced summary of the Tertiary
stratigraphy of the said arca (HAnzawa
and Imanisui, 1951) is as follows:

Oshirarika group (Pliocene)
......... Unconformity... ...
Shintotsugawa group (Upper Miocene)
Gakuenzawa formation ; siltstone intercalating
tuffaceous sandstone, conglomerate at the
base. 250 meters.
Chashiparomanai formation; siltstone. 420-
300 meters.
Toppu formation; alternation of siltstone

and shale, sandstone at the base. 350-300
meters.
Rukushubetsu formation; tuff, sandstone,

conglomerate. 75-5 meters.

Nishi-toppu group (Middle Miocene)
‘Wakkauenbetsu formation ; siltstone interca-

lating sandstone and conglomerate. 500
meters.
Soshi formation: tuff, sandstone, con-
glomerate. 100 meters.

......... Unconformity.........

Kabato Paleozoic complex

The Nishitoppu group consists of two
formations. The lower, Soshi formation
rests unconformably on the Kabato
Paleozoic complex and contains mega-
{fossils, such as Ostrea, but no Forami-
nifera. The upper, Wakkauenhetsu
formation, mainly consisting of cark
gray or black siltstone, contains a rich
foraminiferal ass2mblage at many out-
crops around Yoshino-machi, Shintotsu-
gawa-mura, Kabato-gun. The localities,
which vyielded the Foraminifera herein
reported, are:

IMANISHI Loc. No. 151: Toppu-river cliff
2 km southwest of Yoshino-machi

Loc. No. 526: Nuttapu-river cliff, 2km,
north of Yoshino-machi
Loc. No. 531: Nuttapu-river cliff, 25km

north of Soshi, Yoshino-machi

Loc. No. 787: Hamamasu, 0.5km north
of Soshi, Yoshino-machi
T.oc. No. 868: Penkepetan-river cliff, 2km

southwest of Kokuryo, Uryu-mura

Loc. No. 1017: Wakkauenbeztsu-river cliff,
0.6 km west of Yoshino-machi

Loc. No. 1018: Wakkauenbetsu-river cliff,
0.8km west of Yoshino-machi

Loc. No. 1022: Inuno-sawa, Wakka,
Yoshino-machi
Loc. No. 1028: 06km west of Inuno-

sawa, Wakka, Yoshino-machi
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Loc. No. 1029: 0.7km west of Inuno-
sawa, Wakka, Yoshino-machi

Loc. No. 1930: 0.8km west of Inuno-
sawa, Wakka, Yoshino.machi

Loc. No. 1043: Rukushubetsu-river cliff,
1.3 km southwest of Yoshino-machi

Loc. No. 1049: Rukushubetsu.river cliff,
2 ki southwest of Yoshino-machi

The Shintotsugawa group, consisting
of four formations, overlies uncon-
formably the Nishi-toppu  group.
Foraminifera are common in all of the
formations of this group except the
lowest, Rukushubetsu formation. The
following localities have yielded Forami-
nifera dealt with:

Rukushubetsu formation

IMANISHI Loc. No. 322: Rokugosen-river

cliff, 35km southwest of Gakuen,
Shintotsugawa-mura
Loc. No. 835: Oshirarika-river cliff at

Gorobuchi, 4km southeast of Kokuryo,
Uryu-mura
Toppu formation
ImANISHI Loc. No. 76:  Sopuchi-river cliff,
1.7 km west of Yoshizawa, Shintotsugawa-
mura
Loc. No. 146: Toppu.river cliff, 1.2km
south of Yoshino-machi
I.oc. No. 175: Rokugosen-river cliff, 3km
south of Gakuen, Shintotsugawa-mura
Loc. No.176: Rokugosen-river cliff, 3.2 km
south of Gakuen, Shintotsugawa-mura
Loc. No. 208: Yongosen-river cliff, 1.5 km

southeast of Gakuen, Shintotsugawa-
mura
Loc. No. 231: Icnigosen-river cliff, 3km
southeast of Gakuen, Shintotsugawa-
mura

Chashiparomanai formation
IMANISH] Loc. No. 88: Sugiharadani.river

cliff, 25 km west of Sopuchi, Shintotsu-
gawa-mura

lLoc. No. 89: Sugiharadani-river cliff,
2.6 km west of Sopuchi, Shintotsugawa-
mura

Loc. No.170: Rokugosen-river cliff, 2.8 km
south of Gakuen, Shintotsugawa-mura

Loc. No. 326: Rokugosen-river cliff, 4km
southwest of Gakuen, Shintotsugawa-

mura

Loc. No. 330: Hachigosen-river cliff,
Chashiparomanai, Gakuen, Shintotsu-
gawa-mura

Loc. No. 503: Toppu-river cliff, 05km

east of Yoshino-machi

Loc. No. 1076: Wakkauenbetsu-river cliff,
Yoshino-bridge, Yoshino-machi

Loc. No. 1106: Yoshitsu-sawa, Oshirarika-
river, Shintotsugawa-mura

Gakuenzawa formation
IMANISHI Loc. No. 378: Gakuenzawa-river

cliff, 3km northwest of Gakuen,
Shintotsugawa-mura

Loc. No. 507: Nutappu-river cliff, 1km
east of Yoshino-machi

Loc. No. 516: Toppu-river cliff, 1.5km
east of Yoshino-machi

Loc. No. 1082: Nuttapu-river cliff, 0.9 km
east of Yoshino-machi

Here, the writer expresses his cordial
thanks to Prof. S. Hanzawa and Mr.
S. ImaNisHI for submitting their collec-
tions to the present study.

Faunal Consideration

An analysis of the composition and

relative stratigraphic ranges of the
foraminiferal assemblage from the
treated area reveals that, (1) the
Wakkauenbetsu foraminiferal as-

semblage is quite distinct from those of
the overlying Shintotsugawa group and
that, (2) the characteristic association
of the Japanese Miocene TFForaminifera,
especially of the oil-fields in Akita,
Yamagata and Niigata prefectures also
occurs in Hokkaido.

The Foraminifera from the Wak-
kauenbetsu formation (Table 1) consists
of 51 species. These species indicate
that the formation was deposited in the
medium-depth zones, such as in the
neritic or bathyal. Of the species,
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Table 1. Foraminifera from the Wakkauenbetsu Formation.
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\Locz, ties

Species ~_

151

526

531

787

868

1017

1018}

1022

1028,

1029|

1043

1049

Ammobaculites sp.
Ammodiscus sp.
Angulogerina hughesi
Bathysiphon sp. (A)
Bathysiphon sp. (B)
Bolivina mirginata
Bulimina inflata
Bulimina ovala

Cassiduling laevigata
carinata

Cassidulina margareta
Cibicides aknerianus
Cibicides cf. allamiraensis
Cibicides cf. lobatutus
Cyclammina cancellata
Cyclammina czoensis
Cyclammina incisa
Cyclammina pusilla
Dentalina sp.
Discorbis sp.
Ehrenbergina notoensis
Entosoleria squamosa
Entosolenia sp.
Gaudryina sp.
Globigerina spp.
Gyroidina soldanii

Haplophragmoides
canariensis

Haplophragmoides renzi

Haplophragmoides
trulisatum

Lagena striata
Martinottiella communis
Nodosaria sp.

Nonion pompilioides
Nonion sp.

Nonionella hanzawai

Plectafrondicularia
Japonica

Plectofrondicularia
miocenica

Plectofrondicularia sp.
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Localities

" 151 | 526 | 531 | 787

Species S~
Pudlenia bulloides 1 R - - -
Pullenia sp. - - - -

Quingueloculina sp.

Robudus calcar

Robulus sp.

o=
|

|

]

Rotalia tochigiensis
Rotalia yubariensis

|
|
|
I

Spiroplectammina
niigataensis - - - -

Textularia sp. - - =] =

I
!
t
|

Trochammina nipponica
Trochammina cf. pacifica — - - -

o
)
|

Uvigerina proboscidea

O

Uvigerina subperegring
Valvulineria nipponica

~
)

A : Abundant, C: Common, F: Few, R: Rare.

Spiroplectammina niigataensis, Balhy-
siphon sp. (A), Trochammina nipponica,
n. sp., Haplophragmoides trullisatum,
Plectofrondicularia  japonica, n. sp.,
Nonionella hanzawai, n. sp., Valvilineria
nipponica are represented by a large
numb2r of individuals. These species
except for the ones described herein as
new to science are commonly found in
the so called “ Black shale” formations
in  Akita, Yamagata and Niigata
prefectures. Lithologically, the Kubiki
formation in Niigata prefecture, Funa-
kawa formation in Akita and Yamagata
prefectures, and Wakkauenbetsu forma-
tion under consideration are very
similar, consisting of mainly black or
gray siltstone. Their similar lithology
and correlative foraminiferal assemblage
suggest that they may have been
deposited under similar environmental
condition of the medium-depth zones.
The “Black shale” formation often
intercalates locally tuff or agglomerate.
Where intercalation of volcanic material
occurs (Loc. Nos. 526, 531 and 1017),

_ - . |
8F8 1017! 1018; 1022( 1028 1029 1030: 1043 1049i
PR IR R B B R B
-l -] - R| - = RI —1| =
- =1 = =] = =1 -] -] R
- - - - - - -1 -|F
-| -] F| R| =] = F| =| =
- — - R| — - Fl —-| =
- = - F| - - R| — -
- -, Fl Al A| =| R| -] A
- —_ - - - - — - R
-| R| F| F| ¢| R| F| =| F
- = cl| = — -] - —_ —
- -t -t R| =| =| R| = R
- = =1 c| = =| =l ¢| F
somewhat different assemblages are

found in the silty part; for example,
large forms of Cyclammina, Trocham:-
mina, or Bathysiphon, such as, C.
ezoensis, C. cancellata, T. nipponica or
B. sp. (A) are found to be dominant
and no calcareous Foraminifera are
found in association. This suggests
that the larger forms Cyclammina,
Trochammina or Bathysiplon prefer a
muddy sea bottom, due to volcanic
activity or other agencies. It the Recent
deposits around Japan, smaller forms of
arenaceous Foraminifera are usually
found to be accompanied with calcareous
Foraminifera, but larger forms of
Cyclammina  cancellata was found
abundantly in only one station (H 113,
Lat. 35° 15/ 107 N., Long. 140° 46’ E),
off Bosd Peninsula, by the Soyé-maru
of the Fisheries Experimental Station
in Toky0, during her oceanographical
observations and dredge operation on
the continental shelf of Japan. The
bottom characters of the station was
recorded as gravels and clays and the
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depth was given as 196 meters. The Table 2. Foraminifera from the Rukushubetsu
ecological factors* govering such an Formation.
abnormal fauna has not yet been —_ 1 ocalities
ascertained. . — 322 | 835
L. Species —
The foraminiferal assemblages from ) - -
the Shintotsugawa group are ecological- C rlbroclpluduu{z imanishii ¥ -
ly more diverse than those of the Haplophragmoides spp. -1 ¢
Wakkauenbetsu. Foraminifera from the Trochammina nipponica - | F
Table 3. Foraminifera from the Toppu Formation,
T ee— Localities
l ) e ‘ 76 146 175 176 208 231
Species — B N
t Ammobaculites sp. . - - - R - -
‘ Bulimina ovala ‘ R - C C - -
Bulimina pyrula - R - oy - -
Cassiduling laevigala carinala - - C C - -
Cyclammina cancellata R - - - F -
! Cyclammina incisa , - R - - - -
' Eponides sp. \ R - - | — _ _
' Epistominella japonica - - - ! - - r
Globigerina spp. - - R I - -
Gyroidina soldanii R - - - — -
Haplophragmoides canariensis - - - i - -
Haplophragmoides tridlisalum - R F - - -
; Martinottiella communis - - - - R -
' Nonion pompilioides | R - - - - -
Nonionella miocenica - - F I - C
Pullenia bulloides R - - — - -
Spiroplectammina niigataensis | - - - R - -
Trochammina nipponica | - - R | IF R -
Trochammina cf. pacifica . - - - F - -

A : Abundant, C: Common, F: Few, R: Rare.

*R. M. STAINFORTH stated in his lctter to
the writer (Nov. 3, 1951); *‘ My conclusion
has been that the ecological factor causing
such an abnormal fauna is turbidity of the
sea water. The turbidity may be due to
rapid deposition of shaley sediments as in a
piedmont facies or in a graben-trough, or in
an area of rapid floculation of clay colloids,
off the mouth of a big river. The fossil
examples which I have studied in several
countries s”em to give support to this idea.
but I have never encountered a Recent
fauna of the same typz which could be used
to check my deduction.”

lowest, Rukushitbetsu formation consists
of littoral forms (Table 2), but those
from the Toppu, Chashiparomanai and
Gakuenzawa formations (Tables 3-5)
are mainly neritic or bathyal types, as
represented by the Buliminidae, Cas-
sidulinidae and Globigerinidae. There
are also abnormal faunules consisting
only of larger forms of arenaceous

Foraminifera in some localities (Loc.
Nos. 208, 835, 1106).

In general, the Shintotsugawa forami-
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Table 4. Foraminifera from the Chashiparomanai Formation.
) 1 88 89 170y 326 | 330 | 503 | 1076 | 1105

Specics

Bathysiphon sp. (A) - - - - - - - F
Bulimina inflata - - - - R - - -
Bulimina ovata - - C R - - C -
Cassidulina laevigala carinata - R - - F - - -
Cassidulina margarcia - - - - R - - -
Cribroclphidium imanishii - C - - — - - -
Cyclammina cancellata ro= - - - F - - F
Dentalina sp. I R - - - - - - -
Epistominella japonica - - - F R - (& -
Eponides sp. - - - - - - R -
Globigerina spp. F - - R - - F —
Haplophragmoides canariensis - - F - R F - -
Haplophragmoides trullisatum - - F - F - - —
Martinottiella communis - - F - - - - R
Nonionella cf. puichella - —_ - - - - R -
Pullenia apertula - - - - - R - -
Quingueloculina vulgaris R - - - - - - -
Spiroplectammina niigatacnsis - - - - F R - -
Trochammina nipponica - - F - - F R R
Trochammina cf. pacifican - - F - - - - -
Utigerina sp. |- - R R F R - -
C: Common, F: Few, R: Rare.

niferal assemblages, although they Age Consideration

belong to four rock-units, are distinct
from the underlying Wakkauenbetsu
assemblage ; Cribroelphidium imanishii,
Nonionella  miocenica,  Epistominella
japonica, Nonionella cf. pulchella and
Virgulinella miocenica are characteristic
in this group, while Nonionella
hanzawai, Pleciofrondicularia japonica,
P. miocenica, Bolivina marginata, Rotalia
tochigiensis, R. yubariensis and Valvu-
lineria nipponica are limited to the
Wakkauenbetsu (Table 6).

Thus, there is a sharp linz between
the faunas of the Wakkauenbetsu and
Shintotsugawa, which seems to be
related to the unconformity between
the two.

A geosyncline was formed along the
Japan Sea coast in the middle Miocene
age, in which the Onnagawa siliceous
shale, Funakawa black shale and the
Kitaura alternation of sandstone and
shale and its equivalent formations were
deposited (S. Hanzawa, 1951). The
Wakkauenbetsu formation, as above-
stated, is correlated to the FFunakawa
black shale and the overlying
Shintotsugawa group to the Kitaura
formation. In the middle and late
Tertiary, however, a pronounced pro-
vincialism affected the faunas, and the
stratigraphic ranges of Foraminifera of
these ages vary in different areas even
in the same geosyncline, thus it is very
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Table 5. F raminifera from the
Gakuenzawa Tormation.

T ~—_ Localities I
Tt — 378 {507 | 516 1082{
Species T~
Bulimina ovata RIA|C|lA
Buiimina pyrula - | Fl =~
Cornuspira sp. -]=- RI| -
Epistominella japonica - [ R P
Globigerina spp. - | R ’ F| -
Glomospira sp. - | R -4~
Haplophragmoides sp. -1 R ' -] -
Lagena perlucida - R ==
Nonion pompilicides R|,—-|—-|C
Nonionella miocenica - |~-]=-1{C
Nonioncella cf. pulchella -1A| C] C
Pudlenia sp. - =-]-=1R
Spiroplectammina i
niigatacusis | R | R | C| C
Trochammina nipponici - -1 C|F
Trochammina cf. pacifica | — | — | — | F |
Uvigerina cf. hootst - R| - TI
Virgulinella miocenica - | R| -]~

A Abundant, C: Common, F: Few, R: lg:c

difficult to determine the geological age
according to international standard.
However, a comparison of the present
assemblages with those of regions in
which the foraminiferal sequences have
been studied in detail is useful in
showing the distribution of the
characteristic species over wide areas.

The Gakuenzawa foraminiferal as-
semblage which is the youngest forami-
niferal sequence of the treated area
contains species which are dominantly
found in the Upper or Middle Miocene
formations of the Northwestern America,
such as Nowionella miocenica and
Virgulinella miocenica.  Furthermore,
the Gakuenzawa Foraminifera consists
of many species which are usually found

in the geosynclinal of the
Northwest Honshi.

Thus, in conclusion, it can be said
that the Shintotsugawa assemblages
represent the Upper Miocene forami-
niferal sequence of the Japan Sca Coast,

deposits

Table 6. Stratigraphical Distribution of the Characteristic Foraminifera from
the Shintotsugawa Area.

Formations

Gakuenzawa ! Chashiparomanai

Ru-

ku. Wakkauenbetsu

Toppu

Localities 507 | 546 {1082 89 | 326

Spiroplectammina
nugalacnsis

c|C| —-|-

Pl
1

|

|

|

Virgulinelle miocenica
Nonionella cf. pulchella
Epistominella japonica

>

Nonionella ntiocenica -]l-]Cl-1-
Cribroelphidium imanishiil — | —~ | — | C| —
Bolivina marginata =

Nonionella hanzawai -l - =1=]=

Plectofrondicularia
miocenica | — | - | - - | -
Plectofrondicular:a
japonica | — | — |- -1 —

Rotalia tochigiensis -] -
Rotalia yubariensis - | -

Valuvidineria nipponica | — | —

330 (107€]175| 176 | 231 [ 322 151 | 787 [1022(10-t3]10-19

e
{
|

_
B I
- |

R -1 _-|—

|
|
|
|
|
|
|
|
1
|

Ox
!
1
I
!
|
1
|
1
|

|
1

I
!
3
|
I

|
1

|

!
|

|

|

|

|
|
=
1
~

A: Abundant, C: Common, F: Few, R: Rure.
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while the underlying Wakkauenbets1
can be correlated to the Funakawa and
Kuhiki and is Middle Miocene.

Description of New Species

Nonionella hanzawa: Asaxo, n. sp.

Text-figs. 4 a-c.

Test subglobular, slightly longer than
broad, consisting of - about 7 chambers,
arranged  inequilaterally, increasing
rapidly in size as added, much inflated,
ventral lobe of last chamber extending
across umbilical area nearly to pe-
riphery, with several small lobelets at
margin; sulures depressed, gently
curved ; wall smooth; aperture at base
of apertural fuce. Length up to Lmm.

Holotype: Institute of Geology and
Paleontology, Tohoku University coll.
cat. no. 75286. Hamamasu, 500 m. north
of Soshi, Yoshino-machi (Lat. 43° 34/ 30"
N., Long. 141° 43 30” E.), Wakka-

uenbetsu formation, Middle Miocene.

Remarks : Differs from both NN. globosa
Isttwapa  and N. (urgida digitata
Norvang by the more globular test of
which ventral lobelets are not completely
separated from each other. This is a
characteristic species in the Middle
Miocene Wakkauenbetsu formation of
Hokkaido.

Cribroelphidinm imanishii Asano, n. sp.
Text-figs. 11 a, b.

Test planispiral. compressed, periphery
rounded, slightly lobulated; chambers
10-15 in last coil, umbilical region
somewhat depressed, often filled with
granular shell material ; sutures gently
curved, depressed in later ones, retral
processes usually indistinct, short and
numerous; wall smooth, somewhat
inflated ; aperture low openings at base
of apertural face, with small circular

Explanation of Text-figures

Figs. 1-2.
Fig. 3.
uenbetsu Formation
Figs. 4 a~c.  Nowionella hanzawa: ASANO, n. sp.
Figs. 5 a-c. Trochammina nipponica ASANO, n. sp.
Figs. 6 a, b. Nonionella cf. puilchella HAaDA
Figs. 7, 8.
Figs. 9, 10.

Formation

Figs. 11 a, b. Cribroclphidium imanishii ASANO, n. sp.
Formation

Fig. 12. Bulimina influta D'ORBIGNY

Fiz. 13. Uvigerina proboscidea SCHWAGER

Fig. 14. Plectofrondicularia miocenica CUSHMAN
Formation

Fig. 15. Plectofrondicularia sp.

Fig. 16. Virgulinella miocenica CUSHMAN and PONTON

Formation
Figs. 17 a, b. Rotalia tochigiensis UcHIO
Figs. 18 a, b.

Nonionella miocenica CUSIIMAN

Bathysiphon sp. (A) x25 Loc. no. 1049, Wakkauenbetsu Formation
Spiroplectasnmina niigataensis ASANO and INOMATA %25 Loc. no. 1049, Wakka-

x 25 Loc. no. 787, Wakkauenbetsu I‘ormation
x 25 Loc. no. 10628, Wakkauenbetsu formation

%25 Lac. no. 507, Gakuenzawa Formation
Bulimina ovata D'ORBIGNY %30 Loc. no. 507, Gakuenzawa Formation
Plectofrondicularia japonica ASANO, n. sp. %30 Loc. no. 1049, Wakkauenbetsu

x 25 Loc. no. 89, Chashiparomanai

%30 Loc. no. 151, Wakkauenbetsu Formation
%40 Loc. no. 1049, Wakkauenbetsu Formation

x 25 Loc. no. 1049, Wakkauenbetsu

x 23 Loc. no. 151, Wakkauenbetsu Formation

x30 Loc. no. 507, Gakuenzawa

x25 Loc. no. 151, Wakkauenbetsu Formation
x 25 Loc. no. 1082, Gakuenzawa Formation
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pores on central portion of apertural
face. Diameter up to 1.4 mm.

Holotype : Institute of Geology and
Paleontology, Tohoku University, coll.
cat. no. 75287. Sugiharadani, 2.6km
west of Sopuchi, Shintotsugawa-mura,
Kabato-gun (Lat. 43° 32 50” N., Long.
141° 50’ E.), Chashiparomanai formation,
Upper Miocene.

Remarks: Dilfers from C. eczocnse
(Asano) by the smaller test of which
the umbilical region is not so strongly
umbonated. This is perphaps an
ancestral form of C. ezoense. It also
occurs commonly in the Nakayama
formation in the Jéban Coal-fields.

Trochammina nipponica AsaNo, n. sp.

Text-figs. 5 a-c.

Test much compressed, large, com-
posed of two coils, periphery angled:
chambers 5 or 6 in last coil, increasing
rapidly in size as added, very slightly
inflated ; sutures somewhat depressed,
slightly curved; wall arenaceous, smo-
othly finished; aperture indistinct.
Diameter up to 1.5 mm.

Holotype: TInstitute of Geology and
Paleontology, Tohoku University  coll.
cat. no. 75288. 600 m west of Inuno-sawn,
Wakka, Yoshino-machi, Kabato gun
(Lat. 43° 35" 40” N., Long. 141° 42’ 30"
E.), Wakkauenbetsu formation, Middle
Miocene.

Remarks: This form may be easily
distinguished from allied species by the
larger and much compressed test, consist-
ing of only two coils. It occurs widely
in the *“Black shale” formations of
Northwest Honshu.

Plectofrondicularia japonica Asano, n. sp.

Text-figs. 9, 10.

Test elongate, narrow, compressed,

periphery with 3 sharp platelike carinae,
one in the middle, the other two
perpendicular to the middle one, broad
sides concave or flat, diverging gradual-
ly from initial end which is round or
sometimes pointed ; chambers numerous,
early ones biserial, later ones uniserial,
low; sutures strongly limbate, not
depressed, usually transparent at middle
portion ; wall smooth except early portion
which is provided with short costac.
Length up to 2mm., breadth about
0.3 mm.

Holotype : Institute of Geology and
Paleontology, Toéhoku University coll.
cat. no. 75289. Rukushubetsu-river,
13km southwest of Yoshino-machi,
Kabato-gun (Lat. 43° 3% N,, Long. 141°
43" 20”7 E.), Wakkauenbetsu formation,
Middle Miocene.

Remarks: Differs from P. californica
CusuMAN by the strongly limbate
sutures. This is a characteristic species
in the Wakkauenbetsu formation of
Hokkaido.
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CONSTITUTION
of the
PALAEONTOLOGICAL SOCIETY OF JAPAN

ARTICLE 1. Name
The Society shall be known as the Palacontological Society of Japan. The Society is a section
of the Geological Society of Japan.
ARTICLE 2. Object
The object of the Society shall be to promote the study of palaeontology and related sciences.
ARTICLE 3. Achievement
The Society in order to execute Article 2 shall ( a) issue the Society journal and other publi-
cations, (b ) hold or sponsor scientific lectures and meetings, and (c) sponsor collecting or
field trips, and lectures.
ARTICLE 4. Membership
The Society shall be composed of persons who are active of interested in palaeontology or
related sciences, and shall be known as regular members, honorary members, and patrons.
ARTICL.E 5. The members of the Society shall be obliged to pay annual dues to the Society, for
which they shall enjoy the privilege of receiving the Society’s journal and of submitting
papars which have been read and discussed at the meetings for publication in the Society's
journal.”
ARTICLE 6. Administration
The Society shall have the following organizations for its administration.
(a) General - mecting. The general meeting shall be composed of the Society members. More
than one tenth of regular members shall be present to hold general meetings. Administra-
tive affairs shall be decided during the general meeting. .
(b) President. The president shall be elected from among the regular members. The president
shall represent the Society and supervise its business matters.
(c) Council. The council shall be composed of councillors who are elected from among the
regular members. The council shall discuss administrative affairs.
(d) Business council. The business councillors shall be elected from among the council mem-
bers, and shall administer business affairs. )
(e) Officers shall be elected by vote of returned mail ballots, as a general rule.
ARTICLE 7. Amendments to the constitution shall be by decision of the general meeting.

By-Laws and Administration

ARTICLE 8. The Society's journal shall be issued three times a year.

ARTICLE 9. Regular members shall be persons who have knowledge, experience, or interest in
palaeontology or related sciences.

ARTICLE 10. Patrons shall be selected individuals or organizations who give special support to the
objectives of the Society.

ARTICLE 11. Honorary members shall be persons of distinguished achievement in palaeontology.
The council shall nominate honorary members for decision by the general meeting.

ARTICLE 12, Applicants for membership to the Sociely shall submit their full name, mailing ad-
dress, date of birth, occupation, and name of school from which they graduated.

Dues

ARTICLE 13. Rates for annual dues of the Society shall be decided during the general meeting.
Annual dues for regular members is Yen 400.00 (domestic members) and U.S. $2.00 (foreign
members). Patrons are individuals or organizations donating more than Yen 10,000.00 an-
nually. Honorary members are free from obligations.

ARTICLE 14. The Society income shall be from membership dues and bestowals.

ARTICLE 15. The Society shall have one chairman, fifteen councillors, and several business council-
lors, whose term of office shall be two years. They may be re-elected.

Addendum

ARTICILE 1. There shall be four business councillors for the present.
ARTICLE 2. The Society journal shall be issued three times a year for the present.





