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FROM THE SHIMIZU FORMATION, ASHIZURI CAPE, 

KOCHIPREFECTURE,SHIKOKU,JAPAN* 

KUNITERU MATSUMARU 

Department of Geology, Faculty of Education, Saitama 
University, Urawa, 338 

MYINT THEIN 

Department of Geology, University of Mandalay, 
Mandalay, Myanmar 

and 

YUJIRO OGAWA 

Institute of Geoscience, University of Tsukuba, 
Tsukuba, 305 

Abstract. Early Miocene (Aquitanian) larger Foraminifera are first described from the 
calcareous matrix of volcanic conglomerate and sandstone of the Shimizu Formation in the 
Shimanto Belt, Tosa Shimizu City, Ashizuri Cape, Kochi Prefecture, Shikoku. The joint 
occurrence of Miogypsinoides dehaartii (van der Vlerk), Spiroclypeus margaritata (Schlum
berger) and Victoriella conoidea (Rutten) enables the age of the calcareous matrix of volcanic 
conglomerate and sandstone of the Shimizu Formation to be assigned to the Early Miocene 
(Aquitanian). Detailed stratigraphic studies, which were carried out in Ashizuri Cape, 
Tosa Shimizu City, Shikoku, show that the mudstone yielding the Late Eocene (Priabonian) 
larger Foraminifera described by Matsumaru and Kimura (1989) is not in the Shimizu 
Formation, but in the Kurusuno Formation (Myint Thein et al., 1991; Myint Thein, 1992). 
As such, the newly described larger Foraminifera from the Shimizu Formation indicate an 
age for the formation of Early Miocene (Aquitanian). 

Key words. Miogypsinoides, Miogypsina, Nephrolepidina, Spiroclypeus, Aquitanian, 
Shimizu Formation. 

Introduction 

The Shimanto Belt in Kochi Prefecture, 
Shikoku, which is known as a tectonic belt 
along the outermost zone of Southwest Japan, 
consists of highly deformed flysch deposits 
and melange complex with some exotic 
blocks (e.g. basalt, red pelagic shale, etc.). 

'Received April 24, 1992; revised manuscript 
accepted January 25, 1993 

In Ashizuri Cape, Kochi Prefecture, the Shim
izu Formation, which occupies the southern
most part of the Shimanto Belt, exhibits 
syndepositionally deformed flysch and debris 
flow deposits, and rarely yields fossils. 

Recently, Matsumaru and Kimura (1989) 
found Late Eocene (Priabonian) larger For
aminifera from a gray tuffaceous mudstone of 
the Shimizu Formation at Takahata Village, 
Tosa Shimizu City, Kochi Prefecture, but 
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Myint Thein et al. (1991) and Myint Thein 
(1992) consider it as belonging to the Kuru
suno Formation from the viewpoint of litho
logic characteristics. Therefore, the Kuru
suno Formation contains Asterocyclina stella 
(Gumbel), Orbitoclypeus kimurai Mat
sumaru, O. sp., Discocyclina sella (d'Archiac), 
and the age of the formation is Late Eocene 
(Priabonian) (Matsumaru and Kimura, 1989). 
On the other hand, the age of the Shimizu 
Formation had to be reexamined. Myint 
Thein et al. (1991) fortunately found Upper 
Cretaceous radiolarians such as Protoxi
photractus perplexus Pessagno, etc. from 
deformed mudstone of the Shimizu Forma
tion exposed along the coastal bench at Tsuro 
Village, Tosa Shimizu City in Ashizuri Cape, 
Kochi Prefecture. However, these fossils are 
considered to be allochthonous. Yujiro 
Ogawa, one of the Myint Thein et al. 
research group, sent nine thin sections from 
the calcareous matrix of volcanic conglomer
ate and sandstone of the Shimizu Formation, 
Tosa Shimizu City, Ashizuri Cape, to 
Kuniteru Matsumaru for study of the larger 
Foraminifera. The fossil locality for the 
present study is along the sea coast on the 
southern part of Ohki Beach, Tosa Shimizu 
City in Ashizuri Cape, Kochi Prefecture (Lat. 
37'47' 15.4"N., Long. 132°57'34.6"E.) (Figure 
1 ). 

The purpose of this paper is primarily to 
make the first description and discussion of 5 
genera and 5 species of larger Foraminifera, 
and 1 genus and 1 species of smaller For
aminifera from the Shimizu Formation, and 
secondarily to propose a geological age based 
on the presence of age-diagnostic species. 
All specimens described herein have been 
deposited in the collections of the Depart
ment of Geology, Faculty of Education, 
Saitama University. 

Geological age 

The larger and smaller Foraminifera found 
from the calcareous matrix of volcanic con-

glomerate and sandstone of the Shimizu 
Formation, Tosa Shimizu City, Ashizuri 
Cape, Kochi Prefecture were determined as 
follows: Miogypsinoides dehaartii (van der 
Vlerk), Miogypsina sp., Nephrolepidina prae
japonica Matsumaru, Spiroclypeus margar
itata (Schlumberger) and Victoriella conoidea 
(Rutten), which belong to the larger For
aminifera, and Pararotalia sp. belonging to 
the smaller Foraminifera. Miogypsinoides 
dehaartii and Spiroclypeus margaritata are 
diagnostic larger Foraminifera indicative of 
the Tertiary e5 of the East Indian Letter 
Classification (Matsumaru, 1974). The pres
ent fauna in the calcareous matrix of the 
Shimizu Formation at this location is espe
cially characterized by the joint occurrence of 
Miogypsinoides dehaartii (van der Vlerk), 
Spiroclypeus margaritata (Schlumberger) and 
Victoriella conoidea (Rutten). 

Miogypsinoides dehaartii was first de
scribed by van der Vlerk (1924) from Dr. F. 
Weber's sample from the Orbitoiden
Mergelkalk and Foraminiferenkalk, Larat 
Island, Tanimbar Islands, Indonesia. In 42 
years later, van der Vlerk was led to the 
conclusion that the stratum of type locality of 
Miogypsinoides dehaartii is of Aquitanian 
age, based on biometrical investigations on 
Miogypsinoides dehaartii, Lepidocyclina sp. 
and Cycloclypeus sp. This judgement is 
especially based on statistical comparison of 
the value Factor A showing the degree of 
development of embryonic chambers between 
Larat Lepidocyclina from Indonesia and 
Lepidocyclina of Aquitanian age in sample 
FR475 from Grand Nid-Sausset, Marseille, 
France (van der Vlerk, 1964). 

Spiroclypeus margaritata (Schlumberger, 
1902) was described from the "Oligocene" 
limestone of Teweh, Barito Basin, Borneo, 
Indonesia. Schlumberger stated that this 
species resembles Heterostegina sp. of Prof. K. 
Martin, University of Leiden, from the 
"Oligocene" beds near Dax, Aquitaine Basin, 
France. Recently, Butt (1966) described 
Spiroclypeus blankenhorni Henson var. or-
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Figure 1. Map showing the fossil locality (arrow) at the southern part of Ohki Beach, Tosa Shimizu 
City, Ashizuri Cape, Kochi Prefecture, and geological map of the study area. 
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nata Henson from Escornebeou near Dax, 
where the Aquitanian stratotype is located, 
and Martin's Heterostegina sp. from near Dax 
can be assigned to this species. 

Spirocypeus blankenhorni and S. blanke
nhorni var. ornata were originally described 
from the Lower Miocene of Aintab, Turkish 
Syria (Henson, 1937). Adams et al. (1983) 
state that Spiroclypeus blankenhorni var. 
ornata is known from the Chattian Stage in 
the Mediterranean region, while Spiroclypeus 
blankenhorni and S. margaritata are com
mon in the Aquitanian Stage in both the 
Mediterranean and Indo-Pacific regions. 
They do not, however, give any evidence or 
criticism of the species concepts among Spiro
clypeus blankenhorni, S. blankenhorni var. 
ornata and S. margaritata. The present 
authors consider that the former two may be 
a junior synonym of the latter, judging from 
Henson's description and illustration. In 
Kita-Daito-Zima (North Borodino Island), 
Japan, Hanzawa (1940, p.764, p.790) once 
noted that Spiroclypeus margaritata occurs in 
Zone 4 (302.31 m-394.98 m) of drill cores of 
the Daito Limestone as an Aquitanian form, 
its geological horizon being assigned to that 
stage based on Spiroclypeus attaining its cli
max of development in the Aquitanian. 

Debourle and Delmas (1955) described 
Victoriella aquitanica from the Oligocene 
(probably Aquitanian) of Mimizan, Landes, 
France. They differentiated Victoriella 
aquitanica from Victoriella "plecte" (Chap
man), which is a junior synonym of Victoriel
fa conoidea (Rutten), by its regularly tro
chospiral form through ontogeny. Glaessner 
and Wada (1959, p. 199) were of the opinion 
that Victoriella aquitanica would prove to be 
a synonym of Victoriella conoidea, and also 
state that Victoriella conoidea is rare in the 
late Eocene and widespread in the Oligocene 
to Aquitanian. Recently, Chaproniere 

(1984) described Victoriella conoidea from 
sample 70614 of the Puketi Formation, 
Waitakere Group from Kaipara Harbour of 
Huketere Peninsula, New Zealand. He ex
pressed the age of the Puketi Formation as 
Zone N. 5 in terms of the planktonic for
aminiferal zonal scheme of Blow (1969). 
The Puketi Formation is then correlated with 
the Aquitanian based on the same zonal 
scheme (Blow, op. cit.). 

Therefere, the conspicuous presence of such 
age-diagnostic species as Miogypsinoides de
haartii, Spiroclypeus margaritata and Vic tor
iella conoidea enables the occurrence of the 
present larger foraminiferal assemblage in the 
Shimizu Formation to be set as Aquitanian. 
As such, an Early Miocene (Aquitanian) age, 
Tertiary e5, is assigned to the calcareous 
matrix of volcanic conglomerate and sand
stone of the Shimizu Formation forming the 
Shimanto Belt, in the southern part of Ohki 
Beach, Tosa Shimizu City, Ashizuri Cape, 
Kochi Prefecture. 

Description of species 

Family Miogypsinidae Vaughan, 1928 
Genus Miogypsinoides Yabe and 

Hanzawa, 1928 
Miogypsinoides dehaartii 

(van der Vlerk, 1924) 

Figures 2-1,3-2 left, 3-3-5 

Miogypsina dehaartii van der V1erk, 1924, p. 429-431, 
text-figs. 1-3. 

Miogypsina abunensis Tobler, 1927, p. 323-330, text
figs, 3, 5. 

Miogypsinoides dehaartii (van der Vlerk) var. pus
tulosa Hanzawa, 1940, p. 780-782, pI. 39, figs. 20-
21, pI. 40, figs. 2-29, pI. 42, fig. 13, text-fig. 5. 

Miogypsinoides lateralis Hanzawa, 1940, p. 783, pI. 
39, figs. 10-14. 

Miogypsinoides sp. aff. dehaartii (van der Vlerk). 
Bronnimann, 1940, p. 80-81. pI. 8, fig. 19. 

Miogypsina (Miogypsinoides) dehaartii van der Vlerk. 

+- Figure 2. 1. Miogypsinoides dehaartii (van der Vlerk). Oblique section. 2. .Spiroc!rpeus marg~r
itata (Schlumberger). Vertical section. 3. Victoriella conoidea (Rutten). Tangenllal sectIOn near ~xlal 
plane. 4. Nephrolepidina praejaponica Matsumaru. Vertical section. 5,6. Pararotalia sp; 5, Oblique 
section, 6. Vertical section. 1, 5, 6, X 100; 2, 3, 4, X 40. 
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Drooger, 1953, p.llO-114, pI. I, figs. 15-26; 
Raju, 1974, p. 80-81, pI. I, figs. 19-25, pI. 3, fig. 8, 
pI. 4, figs. 2-4; Adams and Belford, 1974, p. 497, 
pI. 73, figs. 12-14; Matsumaru and Barcelona, 
1982, p.84-89, pI. 14, fig. 6 (left); Hashimoto, 
Matsumaru and Alcantara, 1982, p. 33-37, pI. 10, 
fig. 8, pI. II, fig. 22; Chaproniere, 1984, p. 46-47, 
pI. 7, figs. 7a-b, pI. 8, figs. 1-3, pI. 17, figs. 15-17, 
text-fig. 17. 

Miogypsinoides dehaartii (van der Vlerk). Cole, 
1954, p. 602, pI. 220, figs. 1-8; Cole, 1957a, p. 
339-340, pI. 111, figs. 5-7, 9-16 (non fig. 8); 
Cole, 1957b, p. 769, pI. 243, figs. 1-2 (non fig. 3), 
pI. 244, fig. 3; Hanzawa, 1957, p.92, pI. 15, figs. 
3,7,9,12, 19,22, pI. 19, fig. 3, pI. 21, fig. 4; 
Coleman, 1963, p. 13, pI. 2, figs. 13-20; van der 
Vlerk, 1966, p. 422-423, pI. I, figs. 1-4 (non fig. 
5), 7-10, pI. 2, fig. I (non fig. 3); Bielle and 
Caralp, 1967, p.36-42, pI. 4, figs. 1-2; Cole, 
1969, p. CIO-\2, pI. I, figs. 2-12,15,20 (non figs. 
1,13-14,16-19); Matsumaru, 1974, p.107-109, 
pI. 17, figs. 2-5, 10-\2,14-15,18-19,21,24-25; 
Matsumaru, 1976, p. 196-198, 204, pI. 4, figs. 7, 
14, 17 (non figs. 3, 23). 

Miogypsinoides sp., Coleman, 1963, p. 13-14, pI. 3, 
figs. 1-6. 

Miogypsinoides sp. cf. dehaartii (van der Vlerk). 
Bielle and Caralp, 1967, p. 36-42, pI. 4, figs. 3-6. 

Miogypsinoides abunensis (Tobler). Matsumaru, 
1974, p.107-109, pI. 17, fig. 22; Matsumaru, 
1976, p. 196-198, pI. 4, figs. 8, II. 

Miogypsinoides formosensis Yabe and Hanzawa. 
Matsumaru, 1976, p. 196-198, pI. 4, figs. 6, 12, 19. 

Miogypsinoides bantamensis Tan. Matsumaru, 1976, 
p. 196-198, pI. 4, figs. 15, 18. 

Description.-Test is of moderate size, 1.0 
to 1.4 mm long, more than 0.6 mm wide and 
0.4 to 0.5 mm thick, fan-shaped in outline and 
biconvex. The surface of the test is smooth 
or covered with pustules of 40 to 80,um in 
diameter. 

The embryonic chambers consist of spheri
cal protoconch, 117,um in diameter, and 
kidney-shaped deuteroconch, more than 88 
,urn in diameter, which are at the begining of 
a single whorl of subquadrate-shaped ne
pionic chambers. The protoconch is separat
ed from the apical border of test by interven-

tion of the deuteroconch, and y parameter 
(Drooger, 1952) shows a negative value of 
about 30 degrees. 

The number of nepionic chambers is more 
than 8. Eight rows of ogival to rhombic 
equatorial chambers are developed, 94 to 104 
,urn in radial length and 80 to 88,um in tan
gential length on the frontal side of nepionic 
stage, gradually enlarging toward frontal 
margin of the test. Internal height of the 
equatorial chambers is 120 to 208,um in 
vertical sections. 

The lateral layers are compact and laminat
ed, with vertical canals of 6 to 8 ,urn in diame
ter penetrating lateral layers from septa of 
equatorial chambers. The rudimentary lat
eral chambers of 80 to 112,um width and 24 
to 32,um height occur sometimes over the 
nucleoconch near the surface of the test. 

Remarks.-Although there are no equato
rial sections of specimens for study, the pres
ent form is easily identified as Miogypsinoides 
dehaartii (van der Vlerk) in every respect: 
apical position of embryonic chambers, nega
tive y parameter, single whorl of nepionic 
chambers, equatorial chamber rows and com
pact laminated structure of lateral layers. van 
der Vlerk (1924, 1966) confirmed the presence 
of rudimentary lateral chambers in his 
Miogypsina dehaartii from the type locality. 
This species is, however, classified as a 
Miogypsinoides by many authors and also was 
placed in the subgenus Miogypsinoides of 
Miogypsina by van der Vlerk (1966). 

Tan Sin Hok (1936, p. 51-52) established a 
new subgenus Conomiogypsinoides based on 
Miogypsina abunensis Tobler, but Hanzawa 
(1940, p. 768-769) regarded Conomiogyp
sinoides to be nothing but a synonym of 
Miogypsinoides, whose type species is Miogyp
sina dehaartii van der Vlerk. van der Vlerk 
(1966) investigated again an assemblage of 
Miogypsinoides dehaartii from the type local-

~ Figure 3. 1. Spiroclypeus margaritata (Schlumberger). Vertical section. 2 (left), 3-5. Miogyp
sinoides dehaartii (van der Vlerk). All figures of vertical sections, except for oblique section of Figure 3-4. 
2 (right). Miogypsina sp. Oblique section. 6,7,8. Nephrolepidina praejaponica Matsumaru; 6, 7. Oblique 
sections, 8, Vertical section. All figures x40. 
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ity and regarded Conomiogypsinoides to be a 
synonym of Miogypsinoides. The present 
authors synonymize Miogypsinoides abunen
sis (Tobler) with Miogypsinoides deha artii , 
because both species have in common the 
development of compact laminated structure 
of lateral layers. 

Genus Miogypsina Sacco, 1893 
Miogypsina sp. 

Figure 3-2 right 

Description.-Several random thin sections 
assigned to the genus Miogypsina are in the 
present collection, but none of them ade
quately exhibits the equatorial and vertical 
planes. The oblique sections indicate a 
small test with a diameter of 1.0 to 1.5 mm 
and there are 4 to 5 regular layers of lateral 
chambers on each side of the equatorial layer. 
Some pillars with diameters of as much as 40 
pm are scattered throughout the inflated 
portion of the test. 

Remarks.-Due to the lack of equatorial 
sections the present form is not identified, but 
may be used as Miogypsina borneensis Tan, 
because this species is in association with 
Miogypsinoides dehaartii in the type locality. 
Also, in the fauna of Zones 3 and 4 of 
Kita-Daito-Zima, Miogypsina borneensis is 
associated with Miogypsinoides dehaartii var. 
pustulosa Hanzawa, M. bantamensis Tan, M. 
lateralis Hanzawa, Miogypsina polymorpha 
(Rutten), LepidocyC/ina (Nephrolepidina) 
tournoueri Lemoine and R. DouvilltS, L. (N.) 
plicomargo Hanzawa, Spiroclypeus margar
itata (Schlumberger), Cycloclypeus com
munis Martin, Operculina gaimardi d'Or
bigny, Heterostegina depressa d'Orbigny, 
Rotalia gaimardi d'Orbigny, Planorbulinella 
larvata (Parker and Jones), Austrotrillina 
howchini (Schlumberger), Borodinia se
ptentrionalis Hanzawa, and others (Hanzawa, 
1940). The present larger foraminiferal 
fauna with Miogypsina sp. from the Shimizu 
Formation in Ashizuri Cape can therefore be 
correlated in this manner with a partial fauna 

from Zones 3 and 4 of Kita-Daito-Zima. 

Family Lepidocyclinidae Scheffem, 1932 
Genus Nephrolepidina H. DouvilltS, 1911 

Nephrolepidina praejaponica Matsumaru, 
1989 

Figures 2-4; 3-6-8. 

Nephrolepidina praejaponica Matsumaru. Mat
sumaru and Kimura, 1989, p. 265, 267, figs. 6-1-
13. 

Description.-Test small, lenticular, with 
diameter of 1.6 to 2.3 mm and thickness of 0.7 
mm. Conical pillars are from 42 to 83 pm in 
diameter, and distributed on the central part 
of the test surface. 

The embryonic chambers exposed in 
oblique sections are nephrolepidine, and the 
protoconch is subcircular with a diameter of 
more than 136 pm. The second chamber or 
deuteroconch, which embraces the protocon
ch, has an internal diameters of more than 176 
pm. The ratio (= DII/DI) of the inner 
diameter of deuteroconch (II) to that of 
protoconch (1) is 1.3. The distance across 
both the protoconch and deuteroconch is 232 
pm. The outer wall of the embryonic cham
bers is about 20 pm thick. 

The equatorial chambers of arcuate form 
near the periembryonic chambers change 
from ogival to short hexagonal near the 
periphery. Those near the periphery have a 
radial diameter from 56 to 70 pm and a trans
verse diameter from 52 to 80 pm. Height 
increases gradually towards periphery, about 
40 pm near the center and about 65 pm near 
the periphery. 

The lateral chambers are arranged in a tier 
of 6 to 10 layers over the center. Chambers 
over the center and at the periphery have a 
length of 77 to 120 pm, a height of 20 to 30 
pm, and floors and roofs 15 to 20 pm thick. 

Remarks.-Though a sufficient number of 
thin sections was not available for study, the 
present specimen has the same features of 
small embryonic chambers and short hexago
nal equatorial chambers as Nephrolepidina 
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Figure 4. Spiroclypeus margaritata (Schlumberger). 1, 4, 5, 7, 8, 9, vertical sections. 2, 3, 6, 
oblique sections. All figures X 40. 
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praejaponica Matsumaru from the Lower 
Member of· the Misaki Formation, Tosa 
Shimizu City, Kochi Prefecture, Shikoku 
(Matsumaru and Kimura, 1989). The pres
ent form is thus assigned to Nephrolepidina 
praejaponica. 

Nephrolepidina praejaponica is considered 
to exhibit more primitive features than Ne
phrolepidina japonica (Yabe) as already in
dicated by Matsumaru and Kimura (op. cit.). 
According to Matsumaru (1971, p. 164), 
Nephrolepidina japonica is considered to have 
derived from Nephrolepidina tournoueri, but 
the former may be a junior synonym of the 
latter. In Europe, Early Miocene (Bur
digalian) Nephrolepidina tournoueri evolved 
from Late Oligocene (Chattian) to Early 
Miocene (Aquitanian) Nephrolepidina mor
gani (Lemoine and R. Douvilll!) (de Mulder, 
1975). Nephrolepidina praejaponica may 
then be assigned to Nephrolepidina morgani. 
As the nepionic spiral of Nephrolepidina 
praejaponica is obscure, the name prae
japonica is used in the present instance. 

Nephrolepidina praejaponica was found in 
the Late Early Miocene (Burdigalian) Misaki 
Formation (Matsumaru and Kimura, 1989) 
and the Early Miocene (Aquitanian) Shimizu 
Formation in this paper, both in Tosa Shim
izu City. As both formations are bounded 
by faults, the stratigraphical relationship 
between them cannot be demonstrated (Fig
ure 1). It is, however, inferred that both the 
Misaki and Shimizu Formations, which are 
characterized by Nephrolepidina prae
japonica, are in close stratigraphical relation
ship. 

Family Nummulitidae de Blainville, 1827 
Genus Spiroc/ypeus H. Douvilll!, 1905 

Spiroc/ypeus margaritata 
(Schlumberger, 1902) 

Figures 2-1-9; 3-1. 

Heterostegina margaritata Sch 1 umberger, 1902, p. 
252-253. pI. 7, fig. 4. 

Spiroclypeus orbitoideus H. Douvill15, 1905, p.460-

462, pI. 14, figs. 1-6; Tan, 1937, p. 183-184, pI. 1, 
figs. 2-4, pI. 2, figs. 1-13, pI. 3, figs. 1-7 (non figs. 
8,24), pI. 4, fig. 1 ; Cole, 1957a, p. 332-333, pI. 
95, figs. 6-12; Matsumaru, 1976, p. 200, pI. 1, 
figs. 1,8, 10; Hashimoto, Matsumaru and 
Sugaya, 1981, p. 59, pI. 13, fig. 8. 

Spiroclypeus leupoldi van der Vlerk, 1925, p. 14-15, 
pI. 2, fig. 16; pI. 5, figs. 41, 48; Yabe and Hanz
awa, 1929, p. 188, pI. 24, fig. 9; Cole, 1954, p. 
577-578, pI. 208, figs. 1-19; Hanzawa, 1957, p. 
45-46, pI. 5, figs. 7-13; Matsumaru, 1974, p. 108, 
pI. 15, figs. 2-4,10, 13-15,21-23,28; Matsumar
u, 1976, p. 199-200, pI. 1, figs. 4-7,14-15,21,23-
24; Hashimoto, Matsumaru and Alcantara, 
1982, p. 34-36, pI. 10, figs. 18-20, pI. II, figs. 1-7, 
9. 

Spiroclypeus wolfgangi van der Vlerk, 1925, p. 15-16, 
pI. 2, fig. 15, pI. 5, figs. 39,49; Tan, 1937, p. 183, 
pI. 1, fig. I. 

Spiroclypeus yabei van der Vlerk, 1925, p. 16, pI. 2, 
fig. 19, pI. 5, figs. 40, 50; Tan, 1937, p. 183, pI. 1, 
figs. 5-6, pI. 3, figs. 10-11, pI. 4, figs. 8-10, text-fig. 
1; Cole, 1954, p. 580-581, pI. 207, figs. 1-14, pI. 
208, figs. 20-26; Cole, 1957b, p. 764, pI. 239, figs. 
9-10. 

Spiroclypeus tidoenganensis van der Vlerk, 1925, p. 
16-17, pI. 1, fig. 12, pI. 5, figs. 42,47; Tan, 1937, 
p. 183, pI. 1, fig. 10, pI. 2, figs. 4-5, pI. 3, fig. 12, 
pI. 4, figs. 2-5, 19-21 ; Hanzawa, 1957, p.46-47, 
pI. 3, figs. 1-6, pI. 4, figs. 1,8-10; Cole, 1957a, p. 
332, pI. 95, figs. 13-15; Matsumaru, 1976, p. 200, 
pI. 1, figs. 3, 9, 12, 18-20,22, pI. 6, fig. 15; Ha
shimoto and Matsumaru, 1978, p.85-86, pI. 11, 
fig. 2; Hashimoto, Matsumaru and Sugaya, 1981, 
p. 60-61, pI. 13, figs. 9, 12. 

Spiroclypeus margaritata (Schlumberger). Yabe and 
Hanzawa, 1925, p.627-630, pI. 2, figs. 10, pI. 3, 
figs. 8-9, pI. 4, figs. 3-8, text-figs. 1-4; Yabe and 
Hanzawa, 1929, p. 187, pI. 23, figs. 1,3-4, pI. 24, 
figs. 1-5; Krijnen, 1931, p.89, pI. I, figs. 1-3; 
Tan, 1937, p. 182-183, pI. 2, fig. 12, pI. 3, fig. 9, pI. 
4, figs. 6-7; Hanzawa, 1940, p. 789-790, pI. 42, 
figs. 3-9; Cole, 1954, p.578-580, pI. 206, figs. 
10-25, pI. 207, figs. 15-16; Matsumaru, 1974, p. 
108, pI. 15, figs. 16,24,26; Hashimoto and Mat
sumaru, 1975, p.122, pI. 13, figs. 11-12; Ha
shimoto, Matsumaru and Sugaya, 1981, p. 59-60, 
pI. 13, fig. 3; Hashimoto, Matsumaru and Al
cantara, 1982, p. 34-36, pI. 11, fig. 8. 

Spiroclypeus margaritata (Sch1umberger) var. um
bonata Yabe and Hanzawa, 1929, p. 187-188, pI. 
124, figs. 5-8. 

Spiroclypeus higginsi Cole, 1939, p. 185, pI. 23, figs. 
10-15, pI. 23, fig. 13; Hanzawa, 1957, p. 45, pI. 5, 
figs. 1-6, 14; Cole, 1957a, p. 332, pI. 95, figs. 1-5, 
pI. 109, fig. 16; Cole, 1957b, p. 763-764, pI. 239, 
figs. 11-12, 14; Matsumaru, 1974, p.108, pI. 15, 



948. Early Miocene larger Foraminifera from Shikoku II 

figs. 1,5,8,12,18-19; Matsumaru, 1976, p.199, 
pI. I, figs. 2, II, 16-17. 

Description.-Test small, biconvex, border
ed by a rather thin flange, central area 1.8 to 
3.3 mm in diameter and 0.70 to 0.95 mm in 
thickness. The central portion has rather 
evenly distributed small pillars having a 
diameter of about 40 j1m. In some speci
mens the umbonal pustule becomes larger and 
has a diameter of 270 to 350 j1m. 

The embryonic chambers consist of a spher
ical protoconch followed by a reniform 
deuteroconch; protoconch has diameter of 
114 to 250 j1m, deuteroconch of 220 to 225 
j1m. The height of the embryonic chambers 
in vertical section is 125 to 170 j1m. The 
embryonic chambers are followed by an un
divided operculine chamber and the follow
ing chambers are divided into heterostegine 
chamberlets. The chamberlets near the 
periphery of the test are rectangular with 
radial length of 96 to 166 j1m and with tan
gential length of 64 to 104 j1m. 

The lateral chambers are low to rather 
high, appressed between thick and thin floors 
and roofs. There are 6 lateral chambers on 
each side of the equatorial plane at the central 
part of the test. Lateral chambers have a 
length of 73 to 208 j1m and a height of 6 to 27 
j1m. The floors and roofs have thickness of 
20 to 94 j1m. 

Remarks.-There is a confusion in the 
definition of the species of Spiroclypeus. 
Although there is no equatorial section of the 
studied specimen, the present form should be 
identified as Spiroclypeus margaritata 
(Schlumberger, 1902) for the following rea
sons. 

Tan (1937, p. 182) divided the species of 
Spiroclypeus into the pustulate group, which 
is characterized by features of prominent 
pillars of the central portion of the test, and 
the reticulate group, which is characterized by 
the development of an externally reticulate 
appearance of the septa of the lateral cham
bers on the central part of the test. He regar-

ded Spiroclypeus margaritata and S. tidoen
ganensis van der Vlerk, 1925, as belonging to 
the pustulate group, while S. leupoldi van der 
Vlerk, 1925, and S.orbitoideus H. Douville, 
1905, belong to the reticulate group. Spiro
clypeus margaritata from Kita-Daito-Zima 
has, however, been revised as a member of the 
reticulate group by Hanzawa (1940, p.789-
790). 

On the other hand, van der Vlerk (1925) 
identified a fragile form of Spiroclypeus from 
the N aintoepo Beds, Tidoengsche Landen, 
East Borneo as Spiroclypeus yabei, but Cole 
(1969, p. 8) assigned S. yabei as a synonym of 
S. margaritata. Though Hanzawa (1957, p. 
46) distinguished S. tidoenganensis from S. 
margaritata from the Tagpochou Limestone, 
Saipan by the development of pustules and 
pillars traversing lateral chambers, Cole 
(1969, p. 8-10) regarded the former as a syno
nym of the latter. Also, Krijnen (1931, p. 94) 
described S. leupoldi, S. margaritata and S. 
tidoenganensis from Loc. 633L of the upper 
Naintoepo Beds, East Borneo, but Tan (1937, 
pI. 2, fig. 12; pI. 4, figs. 6-7) identified them 
as S. margaritata. Spiroclypeus higginsi 
Cole found from Guam by Cole (1939), was 
later a synonym of S. leupoldi in Cole (1969, 
p. 9), but the former was regarded as a primi
tive species of the latter by Matsumaru (1974), 
based on the specimens from the Mangagoy 
and Bislig Formations, Mindanao Island, 
Philippines. 

From the above, it is inferred that the 
Spiroclypeus in the west Pacific region should 
be identified as Spiroclypeus margaritata. 

Family Victoriellidae Chapman 
and Crespin, 1930 

Genus Victoriella Chapman 
and Crespin, 1930 

Victoriella conoidea (Rutten, 1914) 

Figure 2-3 

Carpenteria conoidea Rutten, 1914, p.47, pI. 7, figs. 
6-9. 

Carpenteria proteiformis Goes var. plecte Chapman, 
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1921, p. 320, pI. 51, fig. 3. 
Carpenteria protei/ormis Goes. Cushman, 1921, p. 

361-362, pI. 73, figs. 2-3; Yabe and Hanzawa, 
1929, p. 178, pI. 15, fig. 15. 

Victoriella conoidea (Rutten). Glaessner and Wade, 
1959, p. 199, pI. I, figs. 1-5, pI. 2, figs. 1-5,7-10, 
pI. 3, fig. 3, text-figs. 1-4; Hornibrook, 1968, p. 
64, fig. II ; Chaproniere, 1984, p. 50, pI. 13, figs. 
5a-b. 

Description.-Test conical, with a small 
attachment area near the apex; juvenile stage 
free, a low trochospiral coil, the coiling being 
high-spired, with three or four subspherical 
chambers per whorl in the adult stage, then 
erect conical in growth, 1.50 mm in length 
and 0.84 mm in width. Aperture umbilical, 
surrounded by a thick lip. Wall coarsely 
perforate, except for the imperforate region 
around the aperture, with pillars which dis
place the pores; wall structure calcareous, 
bilamellid, consisting of an inner lining and 
an outer lamella. 

Remarks.-The present form is referred to 
Victoriella conoidea (Rutten) by peculiar fea
tures of its trochospirally coil, which differs 
in the direction of the axis of coiling from the 
nepionic stage, bilamellid walls and remark
able regular chamber shape and arrangement. 
Glaessner and Wade (1959) described Car
penteria proteiformis Goes· and var. plecte 
Chapman, 1921 as junior synonyms of Victor
iella conoidea (Rutten). The authors follow 
their opinion. 

Family Rotaliidae Ehrenberg, 1839 
Subfamily Pararotaliinae Reiss, 1963 

Genus Pararotalia Y. Le Calvez, 1949 
Pararotalia sp. 

Figures 2-5-6 

Description.-Test in a trochospiral coil, 
biconvex, periphery subacute, serrated, the 
dorsal side less vaulted than the ventral side, 
0.7 to 0.8 mm in diameter and 0.5 to 0.6 mm 
in thickness; chambers flat to elevated on the 
spiral side, with an umbilical shoulder sur
rounding a large solid umbilical plug, smooth 
knob surrounded by a groove. The plug is 

200 to 320,um in diameter. The wall is 
thick, calcareous and perforate. 

Remarks.-The illustrations of the present 
specimen show an oblique section of the 
ventral side of the test and a vertical section. 
They do not reveal the detailed structure, but 
the present form is similar to Rotalia mecate
pecensis Nuttall, which was described from 
the Tagpochau Limestone, Saipan by Hanz
awa (1957, p. 59-60), or Rotalia floscula 
Todd and Post from Bikini Drill Holes (Todd 
and Post, 1954). Judging from the descrip
tion and illustration of Rotalia mecatepecen
sis and R. floscula, both species are within the 
genus Pararotalia by Le Calvez (1949). As 
such, the present form is identified as Para
rotalia sp. 
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949. LOWER PERMIAN FUSULINACEANS FROM BAN PHIA , 
CHANGWAT LOEI, NORTHEASTERN THAILAND* 

HISA YOSHI IGO, KA TSUMI UENO, and KA TSUO SASHIDA 

Institute of Geoscience, University of Tsukuba, Ibaraki, 305 

Abstract. Dark gray, thin-bedded limestones intercalated with calcareous sandstone 
and shale are exposed at about 3 km southwest of Ban Phia, Changwat Loei, northeastern 
Thailand. These limestones yield well-preserved fusulinaceans which indicate a late Early 
Permian (late Yakhtashian) age and represent a new additional Permian fusulinacean fauna 
in Thailand. The following species are new to science; Darvasites ingavati, 
Pseudofusulina siamensis, Staff ella ? o valis, Nankinella? /oeiensis, and Pseudoendothyra? 
constricta. 

Key words. Fusulinacean, Loei, Lower Permian, Saraburi Limestone, Thailand, 
Yakhtashian. 

Introduction 

Fusulinaceans are one of the most inten
sively studied fossil groups in the Upper 
Paleozoic of Thailand (e.g., Pitakpaivan, 
1965; Igo, 1972; Toriyama, 1975; Tori
yama and Kanmera, 1979; Ingavat and 
Douglass, 1981). Toriyama (1984) summar
ized these previous works and established 20 
almost successive fusulinacean zones of late 
Early Carboniferous to Late Permian age. 
Although three or four faunal breaks were 
recognized, these zones were regarded as the 
standard biostratigraphy of the Upper Pale
ozoic in Southeastern Asia. 

In November and December of 1990, 
Hisayoshi Igo, Katsuo Sashida, and Ken
ichiro Hisada of the University of Tsukuba, 
and Nikorn Nakornsri and Apsorn Amporn
maha of the Geological Survey Division, 
Department of Mineral Resources, Thailand 
made a field survey in the Changwat Loei 
area, northeastern Thailand; they collected 
limestones exposed along a roadside gutter, 

'Received June 17, 1992; revised manuscript 
accepted January 25, 1993 
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about 3 km southeast of Ban Phia, northeast 
of Loei (Figure 1). 

We found an interesting fusulinacean fauna 
in these limestone beds, which indicate a 
Yakhtashian age of the Tethyan standard 
(late Early Permian). This fauna represents 
a newly recognized Permian fusulinacean 
zone in Thailand. We describe these mate
rials in this paper. 

All specimens identified in this paper are 
deposited in the paleontological collections 
of the Institute of Geoscience, University of 
Tsukuba (lGUT). 
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Figure 1. Map showing the fossil locality near Ban Phia, northeast of Loei, northeastern Thailand. 
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Geologic setting 

The present 
benefitted by 

The Loei area is geologically called the 
"Loei Folded Belt" and is underlain by 
Middle to Upper Paleozoic rocks and widely 
overlain by thick Mesozoic non-marine strata 
called the "Khorat Series." Recently, the 
Upper Paleozoic rocks exposed in this area 
were divided into the Carboniferous Wang 
Saphung Formation and Permian Saraburi 
Group. The latter was further subdivided 
into the Dan Sai Shale, Saraburi Limestone, 
and Khao Luak Formation by Bunapas 
(1983) in descending order. According to 

the geologic map "Changwat Loei," scale 1 : 
250,000 (Charoenpravat et al., 1976), the 
Permian rocks in this area are grouped as the 
Ratburi Group and subdivided into the Pha 
Dua, E-Lert, and Nam Mahoran Formations 
in descending order. The Ratburi Group 
has long been used as the Permian. lithologic 
unit in Thailand, but it is now restricted to 
the limestone exposed in Peninsular 
Thailand, and the Saraburi Group (or Lime
stone) is commonly accepted to be in the Loei 
Folded Belt (Bunapas, 1983). 

The Nam Mahoran Formation (or Saraburi 
Limestone) consists mainly of pale gray to 
white, massive to thickly bedded, and fos
siliferous limestone, and it overlies the Wang 
Saphung Formation. Although actual strati
graphic contact between both formations has 
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never been reported, their relation is regarded 
as conformable. The Nam Mahoran Forma
tion constitutes high hills surrounded by 
steep cliffs, and the Wang Saphung Forma
tion topographically occupies the low land. 
Furthermore, the Nam Mahoran yields Early 
Permian fusulinaceans (Igo, 1972), bra
chiopods (Yanagida, 1967), and other fossils, 
but the Wang Saphung yields Upper Carbon
iferous fossils (e.g., Igo, 1972; Yanagida, 
1974, 1975; Toriyama et al., 1975). Subse
quently, Fontaine et al. (1981) pointed out 
the occurrence of Devonian and Carbonifer
ous fossils in the north of the Loei area and 
subdivided the Paleozoic rocks into the Ban 
Sa Ngao and Ban Khok Phai Formations in 
ascending order. These two formations are 
apparently equivalent with the Nong Dok 
Bua and Wang Saphung Formations in the 
present area. 

Fusulinacean limestones exposed along a 
roadside gutter near Ban Phia are alternated 

] 
m 

:-:.:.:-. .' ... : .... ::,- .. \ .... Loe 34 
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D 3 
Figure 2. Columnar section with indication of 

sampling levels. I: muddy limestone, 2: calcar
eous sandstone, 3: covered. 

with calcareous sandstone and shale; the 
exposed area is about 30 m thick (Figure 2). 
On the basis of lithologic character, this 
sequence belongs to a part of the Wang 
Saphung Formation, and newly obtained 
paleontological data show that it apparently 
represents a much higher sequence than that 
exposed in Ban Sup, Ban Na Nam Man, along 
the Huai Nam Kai River, north of Ban Phi a 
(lgo, 1972). 

The present paleontological collections 
were made at five different levels (Loe-34, 35, 
36,37, and 38). Limestone beds are thin
bedded (30-50 cm), black to dark brown, 
mostly muddy fusulinacean and algal wacke
stone with thin intercalations of shale, but a 
limestone bed in the middle part (Loe-36) is 
coarse-grained, muddy, and fusulinacean
crinoidal grainstone. As is discussed below, 
the geologic age of the fusulinacean fauna 
discriminated in the present study is Yakhta
shian (late Early Permian), and this age is 
much younger than previous dating of the 
Nam Mahoran Formation by means of 
fusulinaceans and brachiopods (Asselian, 
early Early Permian). Recently we have 
found a Gzhelian (latest Carboniferous) 
fusulinacean fauna in a limestone of the N am 
Mahoran Formation exposed near Ban Na 
Din Dam, east of Loei. These new 
paleontological data show that the stratigra
phic relationship between the Wang Saphung 
and Nam Mahoran Formations is not simple 
superposition, but rather their upper and 
lower parts interfinger each other. 

Appraisal of fusulinacean fauna 

Fusulinaceans are rather rare in the lower 
levels (Loe-37, -38) but are abundant in the 
upper levels (Loe-34, -35, -36) of the section 
studied in this paper (Table 1). The present 
fusulinacean fauna is characterized by the 
abundant occurrence of the species belonging 
to· the genera Staffella ?, Nan kin ella ?, Pamir
ina, Darvasites, and Pseudofusulina. The 
genera Pamirina and Darvasites have been 
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known extensively in various areas of the 
Tethyan n~alm. The present fauna is similar 
to the Pamirina (Pamirina) darvasica
Darvasites contractus fauna reported from 
the upper Yakhtashian of Darvas (e.g., Kal
mykova, 1967; Leven, 1970a, 1980) in the 
joint occurrence of the two zonal species. 
Pseudoreichelina darvasica Leven and species 
of Schubertella and Toriyamaia are also com
mon in the Darvas fauna. A similar fauna 
characterized by Pamirina and Darvasites 
was reported from the Carnic Alps (Kahler 
and Kahler, 1980), Qinghai (Sheng and Sun, 
1975), and Xiaodushan and Guangnan, east
ern Yunnan (Zhou et al., 1987), both of 
South China. In these districts, however, the 

fauna is characterized mainly by the occur
rence of well-known species of schwagerinids 
such as Chalaroschwagerina vulgaris (Schel-
1wien), Pseudofusulina kraffti (Schellwien), 
and P. fusiformis (Schellwien). The 
schwagerinids in the present fauna are re
presented mostly by Pseudofusulina 
siamensis, sp. nov., which is characterized by 
a small-sized shell. Staffella? ovalis, sp. 
nov. and other staffellids are rather common 
in the present fauna, but they are rare in the 
faunas reported from the above-mentioned 
districts. 

Toriyama (1984) summarized the 
fusulinacean biostratigraphy in Thailand and 
established 20 almost continuous 

Table 1. List of fusulinaceans from Ban Phia, Changwat Loei. 

Species 
Loe 38 Loe 37 Loe 36 Loe 35 Loe 34 

Pamirina (Pamirina) darvasica Leven ++ +++ +++ 
Pamirina (Levenia) sp. + 
Schubertella me/onica Dunbar and Skinner ++ ++ 
S. sp. A + 
S. sp. B + + ++ 
Toriyamaia sp. + + 
Minojapanella (Minojapanella) sp. + 
Darvasites contractus (Schellwien) ++ ++ 
D. ingavati, sp. nov. ++ 
Pseudofusulina siamensis, sp. nov. + +++ 
P. sp. A + 
P. sp. B + 
P. sp. C ++ 
P. sp. D + + 
Pseudoreichelina darvasica Leven + + + 
Staffella? ova/is, sp. nov. ++ 
S. sp. A + 
S.? sp. B + 
Nankinella? /oiensis, sp. nov. + +++ + 
Sphaerulina cf. croatica Kochansky-Devidi! + ++ 
Pseudoendothyra? constricta, sp. nov. ++ 
P.? sp. + 

+ + + . abundant ++: common + : rate 
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fusulinacean zones by his own and collabora
tors' studies. Among them, 14 zones are 
regarded to be Permian, and he pointed out 
three or four major faunal breaks in the 
Sakmarian-Yakhtashian, Dzhulfian, and 
probably in the uppermost Dorashamian. 
The Sakmarian-Y akhtashian interval is re
presented in between the Asselian Triticites 
ozawai-Paraschwagerina yanagidai Zone 
(Igo, 1972) and the upper Yakhtashian Misel
lina otai-M. cfr. termieri Zone (Toriyama, 
1975). According to a recent study by 
Watanabe (1991), however, the Triticites oz
awai-Paraschwagerina yanagidai Zone 
should be correlated with the latest Carbonif
erous (Gzhelian) rather than the earliest Per
mian (Asselian). Ingavat and Douglass 
(1981) reported the occurrence of Monodiex
odina sutschanica (Dutkevitch) and M. 
shiptoni (Dunbar) from northwest Thailand, 
and they correlated this fauna with those of 
the post-Artinskian beds of the Salt Range, 
Pamirs, and others. The occurrence of the 
genus Monodiexodina is restricted mostly to 
calcareous sandstone or coarse-grained, 
siliceous limestone interbedded with 
arenaceous rocks. It is entirely absent from 
or very rarely occurring in ordinary limestone 
facies; therefore, the biostratigraphic rela
tionship between the Monodiexodina Zone 
and other fusulinacean zones established in 
limestone is not clear. Toriyama (1984) 
placed the Monodiexodina shiptoni Zone of 
northwest Thailand in the upper Yakhta
shian, but this zone may represent an age 
younger than Yakhtashian. The Misellina 
otai-M. cfr. termieri Zone also represents a 
younger age than Toriyama's proposed one 
and can be correlated with the lower Bolorian 
based on the first appearance of Misellina 
(s.s.) in other Tethyan regions (e.g., Ueno, 
1991b). 

As mentioned above, the fusulinacean 
zones apparently indicating the Asselian to 
Yakhtashian are absent in Thailand accord
ing to previous reports. The present upper 
Yakhtashian fauna, however, is a new addi-

fion to the fusulinacean biostratigraphic units 
of Thailand and fills in a part of the Early 
Permian interval. 

Systematic paleontology 

Order Foraminiferida Eichwald, 1830 
Suborder Fusulinina Wedekind, 1937 

Superfamily Fusulinacea von Moller, 1878 
Family Ozawainellidae Thompson 

and Foster, 1937 
Subfamily Ozawainellinae Thompson 

and Foster, 1937 
Genus Pamirina Leven, 1970 

emend. Kobayashi, 1977 

Discussion. -There are two diverse opin
ions on the taxonomic position of the genus 
Pamirina. One is that Pamirina belongs to 
the family Ozawainellidae (e.g., Leven, 
1970a) and the other that it belongs to the 
family Staffellidae (e.g., Rozovskaya, 1975). 
This problem is worth discussing as it also 
concerns the classification and phylogeny of 
the higher multiapertural fusulinaceans, the 
families Verbeekinidae and Neoschwager
inidae. 

The genus Pamirina was established by 
Leven (1970a) with the occurrence ofthe type 
species of Pamirina darvasica Leven in the 
upper Yakhtashian (Artinskian) Safetdaron 
Suite of southwestern Darvas. Based on the 
shell shape and spirothecal composition, 
Leven classified this genus in the family 
Ozawainellidae and excluded staffellied gen
era as the ancestor of Pamirina because their 
spirothecal structure is quite different from 
that of the latter. He considered an ozawa
inellid genus such as Eostaffella or 
Pseudostaffella a possible ancestor of the 
genus Pamirina, although their occurrence is 
rare in the Upper Carboniferous and Lower 
Permian. 

In the interpretation of Rozovskaya (1975), 
Pamirina is morphologically intermediate 
between the genera Pseudoendothyra and 
Misellina, although the spirothecal structure 
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of Pseudoendothyra is different from those of 
the other two genera. She regarded Pamir
ina as belonging to the family Staffellidae. 

Kobayashi (1977) first pointed out the exis
tence of two distinct groups in Pamirina. 
One has a thickly lenticular shell, and the 
other has a subspherical shell. The spiroth
eca of the former consists of a single structure
less layer in the inner volutions, and a tectum 
and lower, less dense layer (protheca) in the 
outer ones. The other subspherical type has 
a spiro theca consisting of a single structure
less layer in the inner volutions; a tectum 
and lower, less dense layer in the middle 
ones; and a tectum and fine alveolar kerioth
eca in the outer volutions. He interpreted 
the former type to be more primitive than the 
latter, but their stratigraphic occurrence was 
not definitely confirmed. Kobayashi (op. 
cit.) assigned the genus Pamirina to the fam
ily Ozawainellidae and insisted that the fam
ily Verbeekinidae is the direct descendant of 
the family Ozawainellidae. 

Recently, Rauser-Chernoussova (1988) de
scribed some "pamirinids" from the Artins
kian of the Caspian Basin in Central Asia 
and emphasized that the genus Pamirina is 
surely referable to the family Staffellidae 
rather than to the Ozawainellidae, because its 
spirothecal composition is identical with that 
of staffellids. The Caspian "pamirinids", 
however, have a spirotheca completely re
placed by secondary mineralization, which is 
quite different in composition compared with 
that of original Pamirina described by Leven 
(1970a). Accordingly, all of the Caspian 
"pamirinids" of Rauser-Chernoussova (1988) 
should be referred to such staffellid genera as 
Staffella, Sphaerulina, or Pseudoendothyra. 

Very recently, Ueno (1991a) studied mate
rials collected from the Akiyoshi Limestone 
Group of western Japan and split a new 
subgenus Levenia from Pamirina. This new 
subgenus does not have any fine alveolar 
layer in the spiro theca. He explained that 
Levenia is an ancestor of Pamirina (s.s.) 
based on the previously mentioned spiroth-

ecal structure and stratigraphic occurrence. 
According to Ueno (1991a), both Pamirina 
(s.s.) and Levenia have a microgranular 
spirotheca similar to that of the ozawainel
lids. No evidence of secondary mineraliza
tion has been observed in their spirotheca. 

All specimens referable to the genus Pamir
ina (s.l.) studied herein have a microgranular 
spirotheca (see Figures 3-3b, 3-9b, and 3-
lOb), whereas staffellids (e.g., Staffella? 
ovalis, sp. nov. and others), even in the same 
thin section, have a light-brownish spirotheca 
which has been completely replaced by secon
dary mineralization. This suggests that the 
spirothecal compositions of Pamirina (s.l.) 
and staffellids fundamentally differ. Conse
quently, it is invalid to include the genus 
Pamirina in the family Staffellidae. Judging 
from the spirothecal composition and general 
shell shape, it seems most suitable, as Leven 
(1970a) originally considered, that the genus 
Pamirina should be referred to the family 
Ozawainellidae. 

Huang and Zeng (1984) proposed the sub
genus Nanpanella for the genus Pamirina, 
with the type of Pamirina (Nanpanella) laxa 
Huang and Zeng from the Lower Permian 
Longlinian of Longlin, Guangxi of South 
China. Nanpanella, however, has a spiroth
eca replaced by secondary mineralization and 
is apparently assignable to the family 
Staffellidae (Sheng et al., 1988). 

Subgenus Pamirina Leven, 1970 
Pamirina (Pamirina) darvasica 

Leven, 1970 

Figures 3-1-9,4-1-33 

Pamirina darvasica Leven, 1970a, p. 23-24, pI. I, figs. 
1-9, 23-24 (not pI. 1, figs. 10-11); Rozovskaya, 
1975, pI. 35, figs. 4-5 (same as pI. I, figs 1-2 of 
Leven, 1970a); Kobayashi, 1977, p. 14-15, pI. 2, 
figs. la-b, 2-3; Liu et al., 1978, p. 80, pI. 18, figs. 
8,12; Kahler and Kahler, 1980, p. 187-188, pI. 3, 
fig. 8 (not pI. 3, fig. 7); Loeblich and Tappan, 
1988, pI. 295, fig. 11 (not pI. 295, fig. 12, same as 
pI. I, fig. I of Leven, 1970a); Xi a, in Ding et al., 
1991, pI. 10, fig. 22. 
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Figure 3. 1-9. Pamirina (Pamirina) darvasica Leven, 1- 3a, 4- 7 : axial sections, IGUT-KU0231, 
KU0232, KU0233, KU0234, KU0235, KU0236, KU0237, 8, 9a: sagittal sections, IGUT-KU0263, 
KU0264, x 40, 3b, 9b : enlarged parts of 3a and 9a, x 100. 10. Pamirina (Levenia) sp., lOa : axial 
section,IGUT-KU0273, x 40, lOb: enlargement of lOa, X 100. 11-13; Toriyamaia sp., 11 : tangential 
section, IGUT-KU0274, 12: sagittal section, IGUT-KU0275, 13: axial section, IGUT-KU0276, X 30. 
14 : Minojapanella (Minojapanella) sp., diagonal section, IGUT-KU0277, x 40. 15-19 : Schubertella sp. 
B, axial sections, IGUT-KU0278, KU0279, KU0280, KU0281, KU0282, x 40. 20- 25 : Schubertella 
melonica Dunbar and Skinner, axial sections IGUT-KU0283, KU0284, KU0285, KU0286, KU0287, 
KU0288, X 40. 26,27. Schubertella sp. A, 26 : tangential section, IGUT-KU0289, 27: axial section, 
IGUT-KU0290, x 40. 

21 
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Chinlingella chinlingensis Wang and Sun, 1973, p. 
152-153,172, pI. I, figs. 12,17-32, pI. 3, figs. 1,5, 
10. 

Chinlingella nobilis Wang and Sun, 1973, p. 153-154, 
173, pI. I, figs. 1-5,9-11. 

Staffella aff. mb11eri Ozawa. Sakagami and Iwai, 
1974, p. 54-55, pI. 4, figs. 1-13. 

Pamirina orbiculoidea Sheng and Sun, 1975, p. 45-46, 
pI. 1, figs. 11-14; Zhou et al., 1987, pI. 2, figs. 5-
6; Ding et al., 1989, pI. 2, figs. 27-28. 

Pamirina nobilis (Wang and Sun). Lin et al., 1977, 
p. 20, pI. 3, figs. 21-22; Sun et al., 1983, p. 9, pI. 
2, fig. 15 (same as pI. I, fig. 1 of Wang and Sun, 
1973); Xia et al., 1986, pI. 9, figs. 6, 8; Zhou et 
al., 1987, pI. 2, figs. 3-4; Ding et al., 1989, pI. 2, 
fig. 21. 

Pamirina chinlingensis (Wang and Sun). Sun et al., 
1983, p.9, pI. 2, fig. 17 (same as pI. 1, fig. 19 of 
Wang and Sun, 1973); Nie and Song, 1983, pI. I, 
figs. 23-24; Xia et al., 1986, pI. 10, fig. 9; Zhou 
et al., 1987, pI. 2, figs. 1-2; Ding et al., 1987, pI. 
I, figs. 4-5; Loeblich and Tappan, 1988, pI. 295, 
figs. 8-1 0 (same as pI. 1, figs. 19-20, 31 of Wang 
and Sun, 1973); Sun and Zhang, 1988, pI. 3, figs. 
7,15; Ding et al., 1989, pI. 2, figs. 23-26. 

Pamirina (Pamirina) chinlingensis (Wang and Sun). 
Huang and Zeng, 1984, pI. 4, fig. 7. 

Pamirina (Pamirina) darvasica Leven. Huang and 
Zeng, 1984, pI. 4, fig. 14; Ueno, 1991a, p.744-
745, figs. 3-1-7. 

Pamirina angulata Xia, in Ding et al., 1991, p. 128, 
pI. 9, figs. 8-9. 

Pamirina adulta Xia, in Ding et al., 1991, p. 127-128, 
pI. 9, figs. 10-11, 14. 

Description.-Shell small and almost 
spherical with slightly umbilicated axial 
regions and broadly rounded periphery. 
Mature specimens having 5 to 6 volutions, 
0.47 to 0.81 mm in length and 0.48 to 0.87 mm 
in width. Form ratio ranges from 0.81 to 
1.06, averaging 0.92 for 39 specimens. 

Inner few volutions lenticular in shape and 
almost planispirally to skew coiled. Shell 
becomes expanded and spherical beyond the 
third or the fourth volution. Radius vectors 
of the first to the fifth, and the fifth and a half 
volution of well oriented axial section (Fig-

ure4-2) 0.03,0.05,0.12,0.19,0.30, and 0.36 
mm, and form ratios 0.56,0.63,0.92,0.91, 
0.89, and 0.95, respectively. 

Pro loculus small and spherical. Its out
side diameter ranges from 0.030 to 0.055 mm, 
averaging 0.043 mm for 55 specimens. 

Spirotheca thin and composed of a single 
structureless layer in inner volutions, of a 
tectum and lower, less dense layer (protheca) 
in middle ones, and of a tectum and clearly 
defined fine alveolar keriotheca in outer volu
tions. Thickness of spiro theca of the first to 
the fifth and the fifth and a half volution of 
the above-mentioned specimen 0.005, 0.010, 
0.015,0.025,0.030, and 0.025 mm, respective
ly. 

Septa straight and plane. Tips of septa in 
sagittal section slightly swollen. Septal 
sutures commonly depressed. Septal counts 
of the first to the fifth volution of typical 
sagittal section (Figure 4-31) 8,9,12,13, and 
15, respectively. Chomata low, broad, com
monly asymmetrical, and developed in outer 
volutions. Tunnel angles of the third to the 
fifth volution of the above-mentioned axial 
section 24,37, and 49 degrees, respectively. 

Remarks.-Broad morphological varia
tions, especially in the coiling nature of the 
juvenarium, are observed in the Loei speci
mens. Form having a straight axis of coiling 
(e.g., Figure 4-6) is identical with Pamirina 
(P.) darvasica originally described by Leven 
(1970a) from the Yakhtashian of Darvas, 
whereas that having a rotated axis of coiling 
in the juvenile volutions (e.g., Figure 4-1) is 
quite similar to Pamirina (P.) orbiculoidea 
proposed by Sheng and Sun (1975) from the 
Qinghai district of South China. The Loei 
specimens seem to comprise a single popula
tion, hence the former species, darvasica, is 
considered to be a senior synonym with the 
latter one, orbiculoidea. 

~ Figure 4. 1-33. Pamirina (Pamirina) darvasica Leven, 1-25: axial sections, IGUT-KU0238, 
KU0239, KU0240, KU0241, KU0242, KU0243, KU0244, KU0245, KU0246, KU0247, KU0248, KU0249, 
KU0250, KU0251, KU0252, KU0253, KU0254, KU0255, KU0256, KU0257, KU0258, KU0259, KU0260, 
KU0261, KU0262, 26-33: sagittal sections, IGUT-KU0265, KU0266, KU0267, KU0268, KU0269, KU0270, 
KU0271, KU0272, x40. 
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Pamirina (P.) adulta and P. (P.) augusta 
described by Xia (in Ding et at., 1991) from 
the Lower Permian Nagatoella-Darvasites 
(Nd) and Pamirina globosa (Pv) Subzones of 
the Pamirina Zone (upper part of the Beiyan
gshan Limestone) in Zhen'an, Shaanxi are 
identical with P. (P.) darvasica Leven. 

Materials.-Axial sections: IOUT
KU0231-KU0234, KU0236-KU0245, 
KU0247-KU0250, KU0252, KU0253, 
KU0255-KU0262 from Loe-34; KU0254 
from Loe-35; KU0235, KU0246, KU0251 
from Loe-36. Sagittal sections: IOUT
KU0263, KU0265, KU0267-KU0271 from 
Loe-35, KU0266 from Loe-36. 

Subgenus Levenia Ueno, 1991 
Pamirina (Levenia) sp. 

Figure 3-10 

Description.-Shell minute and thickly 
lenticular with slightly depressed axial 
regions and broadly rounded periphery. 
Specimen having 5 volutions, 0.34 mm in 
length and 0.49 mm in width, giving a form 
ratio of 0.70. Axis of coiling slightly rotated 
in inner volutions. Radius vectors of the 
first to the fifth volution 0.02,0.04,0.07,0.12, 
and 0.19 mm, and form ratios 0.57,0.73,0.70, 
0.72, and 0.73, respectively. Proloculus min
ute and spherical, being 0.035 mm in outside 
diameter. Spiro theca very thin and com
posed of a single structureless layer in inner 
volutions, but of a tectum and lower, less 
dense layer (protheca) in outer ones. Thick
ness of spirotheca of the first to the fifth 
volution 0.005,0.005,0.010, 0.Ql5, and 0.020 
mm, respectively. Very small chomata dis
cernible in outer volutions. 

Remarks.-The present species somewhat 
resembles Pamirina (Levenia) tethydis origi
nally described by Kobayashi (1977) from the 
Hanagiri Limestone of the Kwanto Moun
tains, central Japan. The former can be 
distinguished from the latter in having a 
slightly rotated axis of coiling in the inner 
volutions. The specific identification, how-

ever, is postponed because only one specimen 
was obtained in this study. 

Material.-Axial section: IOUT-KU0273 
from Loe-34. 

Family Schubertellidae Skinner, 1931 
Subfamily Schubertellinae Skinner, 1931 

Oen us Schubertella Staff and Wedekind, 1910 
Schubertella melonica Dunbar and Skinner, 

1937 

Figures 3-20-25 

Schubertella me/anica Dunbar and Skinner, 1937, p. 
611-613, pI. 57, figs. 10-14; Chang, 1963, p.44, 
pI. 1, figs. 9-10,13; Chen and Wang, 1983, p. 
38-39, pI. 2, figs. 16-17; Nie and Song, 1983, pI. 
2, fig. 11 ; Da and Sun, 1983, p. 16, pI. 25, fig. 13. 

Schubertella ex gr. me/anica Dunbar and Skinner. 
Leven and Scherbovich, 1978, p. 85, pI. 1, fig. 6. 

Description.-Shell small and fusiform with 
bluntly pointed polar ends and straight or 
slightly convex lateral slopes. Mature shell 
of 4 Yz to 5 volutions 0.70 to 1.10 mm in 
length and 0.45 to 0.61 mm in width. Form 
ratio varies from 1.57 to 1.80, averaging 1.68 
for 8 specimens. 

Inner 1 Yz to 2 volutions skew coiled with 
a short axis of coiling. Shell expands gradu
ally beyond the third volution. Radius 
vectors of the first to the fifth volution of 
illustrated axial section (Figure 3-24) 0.05, 
0.08,0.14,0.22, and 0.34 mm, and form ratios 
0.89,0.88, 1.56, 1.74, and 1.49, respectively. 

Proloculus small and spherical, measuring 
0.035 to 0.050 mm in outside diameter. 

Spirotheca thin and composed of a tectum 
and lower, less dense layer. Thickness of 
spirotheca of the first to the fifth volution of 
the above-mentioned specimen 0.010,0.015, 
0.025, 0.030, and 0.035 mm, respectively. 

Septa unfluted and almost plane. Massive 
chomata developed in outer vol utions. Tun
nel path straight. Tunnel angles of the third 
to the fifth vol uti on of axial section 
mentioned above 29, 38, and 23 degrees, re
spectively. 

Remarks.-The Loei specimens are almost 
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identical with the original ones described by 
Dunbar and Skinner (1937) from the Lower 
Permian of Texas, except for a slightly smaller 
shell in the former. 

Materials.-Axial sections: IGUT
KU0286 from Loe-34; KU0283-KU0285, 
KU0287, KU0288 from Loe-36. 

Schubertella sp. A 

Figures 3-26-27 

Descriptive remarks.-Shell small and elon
gate fusiform with bluntly pointed poles. 
Axial section of 4 Yz volutions (Figure 3-27) 
1.21 mm in length and 0.49 mm in width, 
giving a form ratio of2.50. Inner 2 volutions 
skew coiled. Radius vectors of the first to 
the fourth and the fourth and a half volution 
0.05,0.07,0.13,0.21, and 0.27 mm, and form 
ratios 0.67, 1.00, 1.46,2.05, and 2.32, respec
tively. Proloculus small and spherical, being 
0.045 mm in outside diameter. Spirotheca 
thin and composed of a tectum and lower, less 
dense layer. Thickness of spiro theca of the 
first to the fourth volution 0.010,0.010,0.020, 
and 0.025 mm, respectively. Chomata asym
metrical and developed in outer volutions. 
Tunnel angles of the second to the fourth 
volution 19,29 and 42 degrees, respectively. 

This species resembles Schubertella kingi 
Dunbar and Skinner, but differs from the 
latter in having a slightly larger shell. 

Materials.-Axial section: IGUT
KU0290. Tangential section: IGUT
KU0289. Both from Loe-36. 

Schubertella sp. B 

Figures 3-15-19 

Remarks.-Schubertella sp. B can be easily 
distinguished from S. melonica Dunbar and 
Skinner in having a smaller shell and form 
ratio. 

Materials.-Axial sections: IGUT
KU0278, KU0280-KU0282 from Loe-34; 
KU0279 from Loe-36. 

Genus Toriyamaia Kanmera, 1956 
Toriyamaia sp. 

Figures 3-11-13 

Remarks .-Several poorly oriented speci
mens were obtained and identified with To
riyamaia sp. The specific identification is 
postponed until better materials are available. 

Materials.-Sagittal section: IGUT
KU0275 from Loe-34. Tangential section: 
IGUT-KU0274 from Loe-34. Oblique sec
tion: IGUT-KU0276 from Loe-36. 

Family Boultoniidae Skinner 
and Wilde, 1954 

Genus Minojapanella Fujimoto 
and Kanuma, 1953 

Subgenus Minojapanella Fujimoto 
and Kanuma, 1953 

Minojapanella (Minojapanella) sp. 

Figure 3-14 

Remarks.-Although the present material 
is poorly preserved, the spirothecal composi
tion and intensely fluted septa of the specimen 
indicate it to be referable to the genus Mino
japanella. 

Material.-Diagonal section: IGUT
KU0277 from Loe-36. 

Family Schwagerinidae Dunbar 
and Henbest, 1930 

Subfamily Schwagerininae Dunbar 
and Henbest, 1930 

Genus Darvasites Miklukho-Maklay, 1959 
Darvasites contractus (Schellwien, 1909) 

Figures 5-1-13 

Fusulina contracta Schellwien (MS). Staff, 1909, pI. 
7, fig. 8. 

Fusulina contracta Schellwien, 1909, p. 159-163, pI. 
13, figs. 9-12. 

Triticites contractus (Schellwien). Chen, 1934a, p. 
34-35, pI. 5, fig. 13, pI. 7, figs. 1-4; Chen, 1934b, 
p. 41-42, pI. 7, figs. 2-3. 

Triticites sinensis Chen, 1934a, p. 36-38, pI. 7, figs. 8, 
12. 

Hemifusulina contracta (Schellwien). Chang, 1963, 
p.49-50, pI. 3, figs. 1-3, 10; Sheng, 1966, p.73, 
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Figure 5. 1- 13. Darvasites contractus (Schellwien), 1,5,7,8, 10 : axial sections of megalospheric 
form, IGUT-KU0291, KU029s, KU0297, KU0298, KU0300, 2, 6,12 : slightly oblique axial sections of 
megalospheric form, IGUT-KU0292, KU0296, KU0302, 3,4: sagittal sections of megalospheric form, 
IGUT-KU0293, KU0294, 9,11: tangential sections of megalospheric form, IGUT-KU0299, KU0301 , 
x iS, 13 : axial section of microspheric form , IGUT-KU0303, X 30. 14- 20. Darvasiles ingavati Igo, 
Ueno and Sashida, sp. nov. , 14: axial section of the holotype, IGUT-KU0304, 15: sagittal section of 
paratype, IGUT-KU030s, 16- 20: axial sections of para types, IGUT-KU0306, KU0307, KU0308, KU0309, 
KU0310, X IS. 21,22 : Pseudofusulina sp. A, axial sections IGUT-KU0311 , KU0312, 21 : X IS, 22 : 
X 10. 
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pI. 10, fig. 4 (same as pI. 7, fig. 1 of Chen, 1934a). 
Triticites (Darvasites) cf. contractus (Schellwien), 

Kochansky-Devide, 1964, pI. 18, fig. 5. 
Darvasites ex gr. contractus (Schellwien). Ramovs 

and Kochansky-Devide, 1965, p. 331-332, pI. 4, 
fig. 1 (same as pI. 18, fig. 5 of Kochansky-Devide, 
1964). 

Hemifusutina sinensis (Chen). Sheng, 1966, p. 75, pI. 
7, fig. 7 (same as pI. 7, fig. 8 of Chen, 1934a). 

Darvasites contractus (Schellwien). Leven, 1967, p. 
136, pI. 4, figs. 5-6; Kochansky-Devide, 1970, p. 
196,231-232, pI. 5, figs. 9-11; Ramovs and 
Kochansky-Devide, 1979, pI. 3, fig. 12; Kahler 
and Kahler, 1980, p. 195, pI. 5, fig. 2; Kahler, 
1983, p.59, pI. 7, fig. 7; Kahler, 1985, p.49-51, 
pI. 3, figs. 2-4 

Triticites (Darvasites) contractus (Shellwien). Kal
mykova, 1967, p. 166-168, pI. 2, figs. 9-13. 

Eoparafusulina contracta (Schellwien). Sheng and 
Sun, 1975, p. 38-39, pI. 5, fig. 11 ; Lin et at., 
1977, p.45, pI. 9, fig. 15 (same as pI. 7, fig. I of 
Chen, 1934a); Da and Sun, 1983, p. 98, pI. 8, fig. 
16; Xia and Zhang, 1985, p. 130-131, pI. 28, fig. 
11. 

Eoparafusulina belluta Skinner and Wilde. Sheng 
and Sun, 1975, p. 38, pI. 5, figs. 1-3. 

Eoparafusulina sinensis (Chen). Wang et at., 1982, 
p. 81-82, pI. 19, figs. 3,5 (3: same as pI. 7, fig. 8 
of Chen, 1934a). 

? Eoparafusulina contracta (Schellwien). Liu et at., 
1978, p. 67, pI. 15, fig. 12; Wang et at., 1982, p. 
81, pI. 19, fig. 1 ; Chen and Wang, 1983, p. 83, pI. 
14, figs. 13, 17; Wang, 1987, pI. 7, fig. 14; Luo 
et at., 1989, pI. 2, fig. 7. 

not Triticites (Rauserites) contractus (Schellwien). 
Rozovskaya, 1958, p. 101, pI. 9, figs. 10-12. 

Description.-Shell of megalospheric form 
small for the genus and ellipsoidal with 
rounded polar ends and almost straight ven
tral part. Microspheric form smaller than 
megalospheric one. Mature specimens of 
megalospheric form having 7 to 8 volutions, 
2.25 to 3.95 mm in length and 1.30 to 1.80 mm 
in width. Form ratio varies from 1.73 to 
2.51, averaging 1.94 for 7 specimens. 
Microspheric form of 7 Yz volutions (Figure 
5-13) 1.38mm in length and 0.83mm in 
width, giving a form ratio of 1.67. 

In megalospheric form, axis of coiling 
straight throughout growth and inner 3 or 4 
volutions rather tightly coiled. In 
microspheric form, inner few vo1utions tight-

ly and skew coiled. Radius vectors of the 
first to the eighth volution of typical axial 
section of megalospheric form (Figure 5-1) 
0.09, 0.13, 0.19, 0.26, 0.37, 0.49, 0.68, and 0.82 
mm, and form ratios 1.44, 1.85, 1.90, 2.11, 
2.08,2.27,2.04, and 2.02, respectively. 
Radius vectors of the first to the seventh 
volution of ill ustrated axial section of micros
pheric form 0.04,0.07,0.10,0.14,0.20,0.27, 
and 0.38 mm, and form ratios 1.00, 1.00, 1.20, 
1.50, 1.80, 1.89, and 1.71, respectively. 

Proloculus of megalospheric form small 
and spherical. Its outside diameter ranges 
from 0.100 to 0.140 mm, averaging 0.115 mm 
for 19 specimens. Proloculus of microspher
ic form spherical and minute, being 0.030 mm 
in outside diameter. 

Spirotheca composed of a tectum and lower 
structure less layer in inner few volutions, but 
of a tectum and coarse keriotheca in outer 
ones in both forms. Thickness of spirotheca 
of the first to the eighth volution of the 
above-mentioned megalospheric specimen 
0.010,0.010,0.025,0.030,0.030,0.065,0.075, 
and 0.055 mm, respectively. 

Septa moderately and regularly fluted 
throughout length of shell except for central 
part. Septal counts of the first to the eighth 
volution of one illustrated sagittal section 
(Figure 5-4) 5,9,13?, 15, 19, 18, 16, and 18, 
respectively. 

Chomata massive and well developed in all 
volutions except for the last one in some 
specimens. Tunnel path straight. Tunnel 
angles of the first to the seventh volution of 
the above-mentioned megalospheric specimen 
29,44, 34, 32, 38, 40, and 32 degrees, respec
tively. Axial fillings absent. 

Remarks.-Darvasites contractus was orig
inally described by Schellwien (1909) from 
the Lower Permian of Darvas. Subsequent
ly, Kalmykova (1967) also described and 
ill ustrated this species from Darvas. The 
Loei specimens are identical with 
Schellwien's original and Ka1mykova's 
topotype specimens, and a further discussion 
is unnecessary. 
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Darvasites sinensis proposed by Chen 
(l934a) from the lower part of the Chuanshan 
Limestone of southern Jiangsu (Kiangsu) has 
an ellipsoidal shell, massive chomata 
throughout growth, and moderately and regu
larly fluted septa; it is considered to be a 
junior synonym of Darvasites contractus 
(Schellwien). 

Dimorphism is recognized in the Loei spec
imens. The microspheric individual is char
acterized by a skew-coiled juvenarium and 

has a smaller shell and much smaller 
proloculus than do the megalospheric indi
viduals. 

Materials.-Axial sections of megalospher
ic form: IGUT-KU0291, KU0297 from Loe-
34; KU0295, KU0298, KU0300 from Loe-36. 
Slightly oblique axial sections of megalos
pheric form: IGUT-KU0292, KU0296 from 
Loe-34; KU0302 from Loe-36. Sagittal sec
tions of megalospheric form: IGUT-KU0294 
from Loe-34; KU0293 from Loe-36. Tan-

Table 2. Measurements of Darvasites ingavati Igo, Ueno and Sash ida, sp. nov (in mm) 

Radius vector 
Reg. no. Figure Length Width F.R. D.P. 

1 2 3 4 5 6 

1 IGUT-KU0304 5-14 2.88 1.55 1.85 0.110 0.09 0.13 0.21 0.34 0.52 0.69 

2 IGUT-KU0306 5-16 2.90 1.45 2.00 0.115 0.09 0.14 0.22 0.35 0.55 0.77 

3 IGUT-KU0307 5-17 2.45 1.38 1.78 0.115 0.08 0.14 0.19 0.31 0.50 0.71 

4 IGUT-KU0308 5-18 2.58 1.35 1.91 0.110 0.09 0.16 0.27 0.47 0.70 

5 IGUT-KU0309 5-19 2.80 1.35 2.07 0.125 0.12 0.19 0.33 0.53 0.73 

6 IGUT-KU03lD 5-20 2.00 1.00 2.00 0.120 0.09 0.15 0.23 0.37 0.53 

Form ratio Thickness of spirotheca 

1 2 3 4 5 6 1 2 3 4 5 6 

1 1.11 1.61 2.09 2.03 1.98 1.99 O.OlD 0.015 0.030 0.065 0.070 0.080 

2 1.55 1.79 2.00 2.00 1.98 1.96 0.015 0.D25 0.045 0.060 0.070 -

3 1.13 1.14 1.50 1.66 1.56 1.68 0.D15 0.020 0.030 0.055 0.070 -

4 1.56 1.81 1.68 1.48 1.81 0.015 0.025 0.040 0.070 0.080 

5 1.33 1.50 1.65 1.64 1.87 - 0.030 0.045 0.065 0.060 

6 1.56 1.67 1.96 2.00 1.96 0.010 0.030 0.030 0.055 0.070 

Tunnel angle (degrees) 

1 2 3 4 5 6 

1 32 25 32 44 39 23 

2 44 32 40 36 36 -

3 - - 42 48 45 -

4 - 44 51 42 44 

5 - - 38 25 -

6 - 30 33 48 -

F.R.: Form ratio 
D.P.: Diameter of pro10cu1us 
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gential sections of megalospheric form: 
IGUT-KU0299 from Loe-34; KU0301 from 
Loe-36. Axial section of microspheric form: 
IGUT-KU0303 from Loe-34. 

Darvasites ingavati Igo, Ueno 
and Sashida, sp. nov. 

Figures 5-14-20 

Diagnosis.-Small Darvasites with oval 
shell, broadly rounded median portion, small 
rudimentary chomata, and regularly fluted 
septa. 

Description.-Shell small for the genus and 
oval in shape with bluntly pointed axial 
regions and broadly rounded median portion. 
Mature specimens of 5 to 6, rarely 6 Yz volu
tions 2.00 to 2.90 mm in length and 1.00 to 
1.55 mm in width. Form ratio ranges from 
1.78 to 2.07, averaging 1.94 for 6 specimens. 
The holotype of 6 Yz volutions 2.88 mm in 
length and 1.55 mm in width with a form 
ratio of 1.85. 

The first volution rather tightly coiled. 
Axis of coiling straight throughout growth. 
Radius vectors of the first to the sixth volu
tion ofthe holotype 0.09, 0.13, 0.21, 0.34, 0.52, 
and 0.69 mm, and form ratios 1.11, 1.61,2.09, 
2.03, 1.98, and 1.99, respectively. 

Proloculus small and spherical. Its out
side diameter ranges from 0.100 to 0.125 mm, 
averaging 0.114 mm for 7 specimens. 

Spirotheca composed of a tectum and lower 
structureless layer in inner few volutions, but 
of a tectum and coarse keriotheca in outer 
ones. Thickness of spiro theca of the first to 
the sixth vo1ution of the ho10type 0.010, 
0.Ql5, 0.030, 0.065, 0.070, and 0.080 mm, re
spectively. 

Septa moderately and regularly fluted 
throughout length of shell except for central 
part. Intensity of septal fluting increases 
toward polar ends. Septal counts of the first 
to the sixth volution of sagittal section of 
paratype (Figure 5-15) 6,11,10,14,18, and 
24?, respectively. 

Chomata small but developed in all volu-

tions except for the last one in some speci
mens. Tunnel path straight. Tunnel angles 
of the first to the sixth volution of the 
holotype 32, 25, 32, 44, 39, and 33 degrees, 
respectively. Axial fillings absent. 

Remarks.-The present new species is char
acterized by an oval shell and rather small 
chomata. It can be distinguished easily from 
Darvasites contractus (Schellwien) by its 
shell shape and development of chomata. 

Darvasites ingavati, sp. nov. somewhat 
resembles D. citrus originally described by 
Ramovs and Kochansky-Devide (1965) from 
the Permian of Croatia. The former, how
ever, differs from the latter in having a larger 
shell. 

Etymology.-This specific name is dedicat
ed to Mrs. Rucha Ingavat, former pale
ontologist of the Geological Survey Division, 
Department of Mineral Resources, Thailand, 
for her contribution to the study of 
fusulinaceans in Thailand. 

Materials.-Axial section of the holotype : 
IGUT-KU0304. Axial sections of para
types: IGUT-KU0306-KU0310. Sagittal 
section of paratype: IGUT-KU0305. All 
specimens from Loe-36. 

Measurements.-See Table 2. 

Genus Pseudofusulina Dunbar 
and Skinner, 1931 

Pseudofusulina siamensis Igo, Ueno and 
Sashida, sp. nov. 

Figures 6-1-15 

Diagnosis.-Pseudofusulina having a small 
elongate fusiform shell with tightly coiled 
juvenarium and small chomata in all volu
tions except for the last one. Septa 
moderately and regularly fluted. 

Description.-Shell small for the genus and 
elongate fusiform with bluntly pointed polar 
ends and almost straight lateral slopes. 
Mature shell having 7 to 8 volutions, 4.88 to 
6.70 mm in length and 2.10 to 2.73 mm in 
width. Form ratio ranges from 2.18 to 2.73, 
averaging 2.35 for 7 specimens. The 
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Figure 6. 1-15. Pseudofusulina siamensis Igo, Ueno and Sashida, sp. nov., 1: axial section of the 
holotype, IGUT-KU03l3, 2,5- 7,13: axial sections of paratypes, IGUT-KU0314, KU0317, KU03l8, 
KU0319, KU0325, 3,4,9,10,15: sagittal sections of paratypes, IGUT-KU03IS, KU03l6, KU0321 , 
KU0322, KU0327, 8, 11: slightly oblique axial sections of paratypes, IGUT-KU0320, KU0323, 12, 14: 
tangential sections of paratypes, IGUT-KU0324, KU0326. 16,17. Pseudofusulina sp. B, 16: tangential 
section, IGUT-KU0328, 17 : axial section, IGUT-KU0329. 18 : Pseudofusulina sp. D, slightly oblique 
axial section, IGUT-KU0330. 19-23. Pseudofusulina sp. C, 19: tangential section IGUT-KU0331 , 20-
22: axial sections, IGUT-KU0332, KU0333, KU0334, 23 : sagittal section, IGUT-KU033S. All X 10. 



949. Lower Permian fusulinaceans from NE Thailand 31 

Table 3. Measurements of Pseudofusulina siamensis Igo, Ueno and Sashida, sp. nov. (in mm) 

Radius vector 
Reg. no. Figure Length Width F.R. D.P. 

I 2 3 4 5 6 7 8 

I IGUT-KU0313 6-1 5.18 2.28 2.27 0.120 0.11 0.15 0.21 0.34 0.51 0.77 1.06 

2 IGUT-KU0314 6-2 5.70 2.48 2.30 0.115 0.10 0.16 0.20 0.30 0.53 0.81 l.l5 1.39 

3 IGUT-KU0317 6-5 4.88 2.15 2.27 0.125 0.10 0.15 0.23 0.36 0.59 0.86 -

4 IGUT-KU0318 6-6 4.90 2.25 2.18 0.120 0.11 0.16 0.25 0.40 0.59 0.87 1.24 

5 IGUT-KU0319 6-7 5.05 2.10 2.40 0.110 0.08 0.14 0.21 0.34 0.55 0.80 l.l3 

6 IGUT-KU0325 6-13 5.25 2.28 2.30 0.150 0.10 0.16 0.24 0.34 0.54 0.79 1.03 

Form ratio Thickness of spirotheca 

I 2 3 4 5 6 7 8 I 2 3 4 5 6 7 8 

I 1.00 1.60 2.41 2.46 2.45 2.47 2.43 0.010 0.015 0.025 0.040 0.080 0.090 0.110 

2 1.l0 1.25 1.76 2.29 2.13 1.99 1.91 1.99 0.010 0.025 0.035 0.050 0.050 0.100 0.120 0.120 

3 1.30 1.67 1.76 2.11 1.88 2.08 - 0.020 0.020 0.035 0.050 0.095 0.095 -

4 1.00 1.24 1.50 1.66 1.80 2.06 1.96 0.015 0.025 0.030 0.045 0.090 0.110 -

5 1.75 2.07 2.41 2.43 2.58 2.54 2.41 0.010 0.020 0.035 0.035 0.060 0.130 0.120 

6 l.l0 1.44 1.92 2.37 2.48 2.28 - 0.015 0.020 0.025 0.050 0.080 0.110 0.100 

Tunnel angle (degrees) 

I 2 3 4 5 6 7 8 

I - 46 44 50 53 47 30? 

2 - - 35 38 41 46 - -

3 30 40 55 43 43 37 -

4 - - 25 27 35 42 -

5 29 41 45 51 49 45 -

6 - 34 37 46 52 50 -

Septal counts 
Reg. no. Figure 

5 6 7 I 2 3 4 

I IGUT-KU0315 6-3 8 12 15 15 18 21 -

2 IGUT-KU0316 6-4 7 II II 14 15 19 

3 IGUT-KU0321 6-9 8 11 13 14 18 21 

4 IGUT-KU0322 6-10 8 12 18 17 21 -

5 IGUT-KU0327 6-15 7 II 12 17 18 21 
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holotype of 7 vol utions 5.18 mm in length 
and 2.28 mm in width, giving a form ratio of 
2.27. 

The first I or 2 volutions rather tightly 
coiled. Beyond the seco nd or the third vo lu
tion , shell expands uniformly and becomes 
fu siform to elongate fusiform. Axis of coi
ling straight throughout growth. Radius 
vectors of the first to the seventh vol ution of 
the holotype 0.11,0.15, 0.21,0.34, 0.51,0.77, 
and 1.06 mm , and form ratios 1.00, 1.60, 2.41, 
2.46, 2.45, 2.47, and 2.43, respectively. 

Proloculus small and spherical. Its out
side diameter varies from 0.100 to 0.150 mm , 
averaging 0.119 mm for 22 specimens. 

Spirotheca thin and consists of a tectum 
and keriotheca. Thickness of spirotheca of 
the first to the seventh volution of the 

holotype 0.0 10,0.0 15 , 0.025 , 0.040 , 0.080, 
0.090, and 0.110 mm, respectively. 

Septa thin and regularly fluted throughout 
length of shell except for central part. Septal 
counts of the first to the sixth volution of 
sagittal section of one of the paratypes (Fig
ure6-4) 7, II, 11 , 14, IS , and 19, respectively. 

Chomata small and observed in the first to 
penultimate volution. Tunnel path almost 
straight. Tunnel angles of the first to the 
sixth volution of axial section of one paratype 
(Figure 6-7) 29, 41 , 45, 51,59, and 45 degrees, 
respectively. No axial fillings present. 

Remarks. - Pseudofusulina siamensis, sp . 
nov. is a species of this genus having a charac
teristic small shell , whose size is more or less 
simil ar to that of the genus Triticites . The 
former , however, has more fluted septa than 

Figure 7 . . 1- 4. Pseudoreichelina darvasica Leven, 1,2: axia l sections, IGUT-KU0336, KU0337, 3: 
tan.gentlal sectIon, IGUT-KU0338, 4: parallel section , IGUT-KU0339. 5- 13. Pseudoendothyra ? con
strz~ta Igo, Ueno and Sash Ida, sp. nov. , 5 : ax ial section of the holotype, IGUT-KU0340, 6- 9, 11- 13: axia l 
sectIOns of paratypes, IGUT-KU0341 , KU0342, KU0343, KU0344, KU0346, KU0347, KU0348, 10 : 
parallel sectIon of paratype, IGUT-KU0345. 14 : Pseudoendothyra? sp., axia l secti on, IGUT-KU0349. 
All x 40. 
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does the latter. It is also allied to the genus 
Daixina in some respects but differs from the 
latter in having a smaller and more compactly 
coiled shell. The stratigraphic position of 
the present species and Daixina is different. 

Etymology.-The specific name comes from 
Siam, the ancient name of Thailand. 

Materials.-Axial section of the holotype : 
IGUT-KU0313. Axial sections of par
atypes: IGUT-KU0314, KU0317-KU0319, 
KU0325. Sagittal sections of paratypes: 
IGUT-KU0315, KU0316, KU0321, KU0322, 
KU0327. Slightly oblique axial sections of 
paratypes: IGUT-KU0320, KU0323. Tan
gential sections of paratypes: IG UT
KU0324, KU0326. All specimens from Loe-
36. 

Measurements.-See Table 3. 

Pseudofusulina sp. A 

Figures 5-21-22 

Remarks.-The present species somewhat 
resembles Pseudofusulina krotowi (Schel
lwien) but differs from the latter by its smaller 
shell and less fluted septa. 

Materials.-Axial sections: IGUT
KU031l, KU0312 from Loe-34. 

Pseudofusulina sp. B 

Figures 6-16-17 

Remarks.-Pseudofusulina sp. B is similar 
to P. kraffti (Schellwien) to some extent but 
differs from the latter in having a smaller 
shell. 

Materials.-Axial section: IGUT
KU0329. Tangential section: IGUT
KU0328. Both from Loe-34. 

Pseudofusulina sp. C 

Figures 6-19-23 

Remarks.-Pseudofusulina sp. C differs 
from P. siamensis, sp. nov. in having a slight
ly larger proloculus and less fluted septa. 

Materials.-Axial sections: IGUT-

KU0332-KU0334. Sagittal section: 
IGUT-KU0335. Tangential section: 
IGUT-KU0331. All specimens from Loe-34. 

Pseudofusulina sp. D 

Figure 6-18 

Remarks.-The present species can be dis
tinguished from Pseudofusulina siamensis, sp. 
nov. and Pseudofusulina sp. C in having a 
larger proloculus. 

Material.-Slightly oblique axial section: 
IGUT-KU0330 from Loe-34. 

Family Staffellidae Miklukho-Maklay, 1949 
Genus Pseudoreichelina Leven, 1970 

Pseudoreichelina darvasica Leven, 1970 

Figures 7-1-4 

Pseudoreichelina darvasica Leven, 1970b, p. 19-20, pI. 
I, figs. 6-13; Lipina and Rozanov, 1973, pI. 6, 
figs. 8-10 (same as pI. I, figs. 7-8, II of Leven, 
1970b); Rozovskaya, 1975, pI. 35, fig. 6 (same as 
pI. I, fig.8 of Leven, 1970b); Loeblich and 
Tappan, 1988, pI. 254, figs. 17-18 (same as pI. I, 
figs. 8,13 of Leven, 1970b); Ueno, 1992, p. 8-10, 
figs. 5-1-16. 

Descriptive remarks.-Shell consists of 2 
parts. Early part of 4 volutions, lenticular 
and coiled planispirally with shallowly um
bilicated axial regions and angular periphery. 
Later one uniserial and rectilinear, consisting 
of 6 to 9 chambers. Total length of shell 1.28 
to 1.40 mm. Spirotheca light-brownish col
ored and replaced by secondary mineraliza
tion. Aperture basal in coiled part, but 
median in rectilinear one. 

Pseudoreichelina darvasica Leven is known 
from the upper Yakhtashian (Artinskian) 
Safetdaron Suite of southwestern Darvas 
(Leven, 1970b) and the upper Yakhtashian of 
the Akiyoshi Limestone Group, southwest 
Japan (Ueno, 1992). The Loei specimens are 
identical with both of the Darvas and Akiyo
shi ones. 

Materials.-Axial sections: IGUT
KU0336, KU0337 from Loe-34. Tangential 
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Figure 8. 1- 4. Staffella? sp. B, 1,2, 4 : axial sections, IGUT-KU0350, KU0351 , K U0353, 3 : 
sagittal section, IGUT-KU0352. 5- 14. Nankinella? loeiensis Igo, Ueno and Sashida, sp. nov., 5 : axia l 
section of the holotype, IGUT-KU0354, 6: sagittal section of paratype, IGUT-KU0355 , 7- 14 : ax ial 
sections of paratypes, IGUT-KU0356, KU0357, KU0358, KU0359, KU0360, KU0361, KU0362, KU0363. 
15 : Staffella sp. A, tangential section, fGUT-KU0364. All X 30. 
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section: IGVT-KV033S from Loe-34. Par
allel section: IGVT-KV0339 from Loe-3S. 

Genus Staffella Ozawa, 1925 
Staffella ? ovalis Igo, Veno and 

Sash ida, sp. nov. 

Figures 9-9-15 

Diagnosis .-Small Permian Staffella hav
ing a thickly lenticular or oval shell with 
broadly rounded periphery and slightly um
bilicated polar regions. Coiling planispiral 
throughout growth. Spirotheca with fine 
alveolar structure. Chomata distinct. 

Description.-Shell small for Permian rep
resentatives of this gen us and thickly 
lenticular or oval with broadly rounded 
periphery and shallowly depressed polar 
regions. Mature specimens having 7 Yz to S 
Yz volutions, 1.20 to 1.45 mm in length and I. 
33 to 1.75 mm in width. Form ratio varies 
from 0.79 to 0.91, averaging 0.S3 for 7 speci
mens. Holotype specimen of S volutions 
1.20 mm in length and 1.53 mm in width, 
giving a form ratio of 0.79. 

Shell expands uniformly throughout 
growth. Axis of coiling straight. Radius 
vectors of the first to the eighth volution of 

the holotype O.OS, 0.13, 0.19, 0.26, 0.35,0.48, 
0.63, and 0.76? mm, and form ratios 0.S8, 
0.77,0.79,0.77,0.83, 0.S3, 0.79, and 0.78, 
respectively. 

Proloculus spherical or somewhat irregular 
in shape, being 0.050 to O.OSO mm in outside 
diameter. 

Spirotheca light-brownish colored and 
rather thin, replaced by secondary mineraliza
tion. Fine alveolar structure visible in spiro
theca of outer volutions. Thickness of spiro
theca of the first to the eighth volution of the 
holotype 0.010, 0.015,0.020 ?, 0.020, 0.020, 
0.030,0.040, and 0.040 mm, respectively. 

Septa thin and planar. Septal counts of 
the fourth to the seventh volution of sagittal 
section of one paratype (Figure 9-10) 9, 11, 
12, and 14, respectively. 

Chomata small, asymmetrical, and devel
oped in all volutions. Tunnel path straight 
and narrow. Tunnel angles of the second to 
the seventh volution of axial section of one 
paratype (Figure 9-13) 24,21,21,21,23, and 
28 degrees, respectively. Axial fillings pres
ent in some specimens. 

Remarks.-Staffella ? transiens originally 
described by Kochansky-Devide (1965) from 
the PV1 (Lower Permian) of Croatia, is the 

Table 4. Measurements of Staffella? ovalis Igo, Ueno and Sashida, sp. nov. (in mm) 

Radius vector 
Reg. no. Figure Length Width F.R. D.P. 

1 2 3 4 5 6 7 8 

1 IGUT-KU0376 9-12 1.23 1.43 0.86 - 0.09 0.14 0.19 0.27 0.34 0.44 0.58 0.76 

2 IGUT-KU0377 9-13 1.23 1.50 0.82 0.080? 0.08 0.13 0.19 0.26 0.36 0.49 0.63 

3 IGUT-KU0378 9-14 1.25 1.50 0.83 0.090 0.10 0.16 0.20 0.28 0.36 0.49 0.60 0.75 

4 IGUT-KU0379 9-15 1.20 1.53 0.79 0.050 0.08 0.13 0.18 0.25 0.34 0.47 0.61 0.74 

Form ratio Thickness of spirotheca 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 

1 0.78 0.64 0.65 0.64 0.74 0.84 0.90 0.85 0.010 0.Q15 0.020 0.030 0.025 0.025 0.040 0.030 

2 0.50 0.54 0.65 0.85 0.81 0.82 0.82 0.015 0.020 0.020 0.020 0.025 0.030 0.D35 

3 0.60 0.56 0.71 0.79 0.81 0.80 0.84 0.82 0.015 0.015 - 0.020 0.030? 0.030 0.050 0.060 

4 0.88 0.77 0.79 0.77 0.83 0.83 0.79 0.78 0.010 0.Q15 0.020? 0.020 0.020 0.030 0.040 0.040 
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Figure 9. 1- 8. Sphaerulina cf. croalica Kochansky-Devide, 1,2,4- 8: axial sectio ns, IGUT
KU0365 , KU0366, KU0368, KU0369, KU03 70, KU0371, KU0372, 3 : tangent ial section , IGUT-KU0367. 
9-15. Slaffella? ovalis Igo, Ueno and Sash ida, sp. nov. , 15 : axial section of the holotype, IGUT-KU0379, 
9,12- 14 : axial sections of para types, IGUT-KU0373, KU0376, KU0377, KU0378, 10, 11: sagittal sections 
of paratypes, IGUT-KU0374, KU03 75. All X 30. 
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closest to the present new species. The for
mer, however, has a larger shell, more volu
tions, and slightly smaller form ratio than the 
latter. 

Staffella? ovalis, sp. nov. somewhat resem
bles S. yaziensis originally described by 
Wang and Sun (1973) from the Yazi Forma
tion of the Qinling (Chin ling) Range, South 
China. However, the former has a larger 
shell and more volutions than does the latter. 

Presence of fine alveolar structure in the 
spirotheca of the present form is inconsistent 
with the original diagnosis of the genus 
Staff ella. The present new species is, there
fore, tentatively assigned to the genus 
Staff ella. 

Etymology.-This specific name is derived 
from the Latin ovalis, meaning oval. 

Materials.-Axial section of the holotype: 
IGUT-KU0379. Axial sections of para
types: IGUT-KU0373, KU0376-KU0378. 
Sagittal sections of paratypes: IGUT
KU0374, KU0375. All specimens from Loe-
34. 

Measurements.-See Table 4. 

Staffella sp. A 

Figure 8-15 

Remarks.-Staffella sp. A differs from 
Staffella? ovalis, sp. nov. in having a larger 
form ratio and absence of fine alveolar struc
ture in the spirotheca. 

Material.- Tangential section: IGUT
KU0364 from Loe-37. 

Staffella ? sp. B 

Figures 8-1-4 

Remarks.-This species is characterized by 
having a Staff ella-like rounded periphery in 
the inner volutions and Nankinella-like an
gular periphery in the last one, and a re
placed spirotheca composed of a tectum and 
fine alveolar keriotheca. Therefore, it is 
tentatively assigned to the genus Staff ella. 

Materials.-Axial sections: IGUT
KU0350, KU0351, KU0353. Sagittal sec
tion: IGUT-KU0352. All specimens from 
Loe-36. 

Table 5. Measurements of Nankinella? loeiensis Igo, Ueno and Sash ida, sp. nov. (in mm) 

Radius vector 
Reg. no. Figure Length Width F.R. D.P. 

I 2 3 4 5 6 7 

I IGUT-KU0354 8-5 0.90 1.65 0.55 0.060 0.08 0.15 0.26 0.43 0.66 0.87 

2 IGUT-KU0356 8-7 0.83 1.58 0.52 0.070 0.08 0.15 0.24 0.40 0.61 0.79 

3 IGUT-KU0357 8-8 0.88 1.53 0.57 0.065 0.09 0.16 0.24 0.35 0.49 0.67 0.86 

4 IGUT-KU0358 8-9 0.95 1.70 0.56 0.085 0.09 0.15 0.21 0.32 0.48 0.61 0.81 

5 IGUT-KU0361 8-12 0.80 1.40 0.57 0.070 0.06 0.12 0.19 0.29 0.45 0.64 

Form ratio Thickness of spirotheca 

I 2 3 4 5 6 7 I 2 3 4 5 6 7 

I 0.50 0.50 0.50 0.50 0.49 0.46 - 0.015 0.020 0.025 0.035 0.020? 

2 0.75 0.67 0.56 0.56 0.54 0.53 0.010 0.020 0.020 0.035 0.035 0.040 

3 0.44 0.50 0.45 0.53 0.58 0.57 0.53 - 0.010 0.QI5 - 0.040 0.050 0.025 

4 0.56 0.53 0.55 0.58 0.51 0.62 0.55 0.010 0.010 0.020 - 0.025 0.030 0.040 

5 0.50 0.50 0.50 0.57 0.48 0.47 0.005 0.QI5 0.030 0.035 0.040 0.040 
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Genus Nankinella Lee, 1934 
Nankirtella ? loeiensis Igo, Ueno 

and Sashida, sp. nov. 

Figures 8-5-14 

Diagnosis.-Permian Nankinella having a 
small lenticular shell with angular periphery 
and almost straight lateral slopes. Axis of 
coiling straight throughout growth. Spiroth
eca with fine alveolar structure. Chomata 
distinct. 

Description.-Shell small for Permian rep
resentatives of the genus and lenticular with 
angular periphery and almost straight lateral 
slopes. Axial regions slightly depressed. 
Mature specimens of 6 to 7, rarely 7 Yz volu
tions 0.73 to 1.05 mm in length and 1048 to 
1.75 mm in width. Form ratio ranges from 
0049 to 0.63, averaging 0.55 for II specimens. 
Holotype specimen of 6 volutions 0.90 mm in 
length and 1.65 mm in width with a form 
ratio of 0.55. 

Shell involute throughout except for inner 
few volutions and expands gradually. Axis 
of coiling straight throughout growth. 
Radius vectors of the first to the sixth volu
tion of the holotype 0.08, 0.15, 0.26, 0043, 0.66, 
and 0.87 mm, and form ratios 0.50, 0.50, 0.50, 
0.50,0049, and 0046, respectively. 

Proloculus small and spherical. Its out
side diameter varies from 0.060 to 0.085 mm, 
averaging 0.067 mm for 9 specimens. 

Spiro theca light brown and replaced by 
secondary mineralization. Fine alveolar 
structure discernible in spirotheca. Thick
ness of spiro theca of the second to the sixth 
volution of the holotype 0.015,0.020,0.025, 
0.035, and 0.020 ? mm, respectively. 

Septa not fluted and slightly bending anter
iorly. Septal counts of the first to the sixth 
volution of illustrated sagittal section of 
paratype (Figure 8-6) 9?, 11, 13, 12, 16, and 
19, respectively. 

Small but rather prominent chomata pres
ent in all volutions. Tunnel path narrow 
and almost straight. Tunnel angles of the 
second to the seventh volution of axial sec-

tion of one paratype (Figure 8-8) 12, 12, 15, 
15, 12, and 14 degrees, respectively. 

Remarks.-Nankinella? loeiensis, sp. nov. 
somewhat resembles N. quasihunanensis de
scribed by Sheng (1963) from the Wujiaping 
(Wuchaping) Limestone of the Guizhou 
(Kueichow) district. The former, however, 
can be distinguished from the latter in having 
a smaller shell. Moreover, the present new 
species occupies a much lower stratigraphic 
position than that of Sheng's species. 

The present new species also differs from 
Nan kin ella inflata (Colani) in having a smal
ler shell. 

In this study, loeiensis is questionably as
signed to the genus Nan kin ella, because it has 
a fine alveolar structure in the spirotheca, 
which is inconsistent with the original diag
nosis of the genus. 

Etymology.-This species is named for the 
local geographical name Loei, from where the 
specimens were collected. 

Materials.-Axial section of the holotype: 
IGUT-KU0354. Axial sections of para
types: IGUT-KU0356-KU0363. Sagittal 
section of paratype: IGUT-KU0355. All 
specimens from Loe-36. 

Measurements.-See Table 5. 

Genus Sphaerulina Lee, 1933 
Sphaerulina cf. croatica 
Kochansky-Devide, 1965 

Figures 9-1-8 

Compare. -
Sphaerulina croatica Kochansky-Devide, 1965, p. 

123-125, 143-144, pI. 5, fig. 9, pI. 6, figs. 1-14, pI. 
7, figs. 1-8, pI. 8, fig. 1 ; Rui, 1979, pI. 1, figs. 20-
21. 

Description.-Shell small and almost spher
ical with slightly umbilicated axial regions 
and broadly expanded periphery. Mature 
specimens having 5 to 6 volutions, 1.03 to 1.50 
mm in length and 1.13 to lAO mm in width. 
Form ratio ranges from 0.91 to 1.11, averag
ing 1.02 for 7 specimens. 

Axis of coiling straight throughout growth. 
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Outer volutions expanded rather rapidly and 
become loose compared with inner ones. 
Radius vectors of the first to the sixth volu
tion of typical axial section (Figure 9-8) 0.08, 
0.14,0.21,0.36,0.54, and 0.72 mm, and form 
ratios 0.88,0.86, 1.05, 0.97, 1.06, and 1.09, 
respectively. 

Prolocul us small and almost spherical, 
being 0.060 to 0.080 mm in outside diameter. 

Spirotheca light brown, rather thick and 
recrystallized by secondary mineralization. 
Fine alveolar structure discernible in spiroth
eca. Thickness of spirotheca of the first to 
the sixth volution of the above-mentioned 
specimen 0.010,0.020,0.025,0.070,0.090, and 
0.070 mm, respectively. 

Septa rather thick, plane, and slightly bend
ing anteriorly. Low and small chomata ob
served in outer volutions. 

Remarks.-Sphaerulina croatica was origi
nally described by Kochansky-Devide (1965) 

from the PV1 and Pds (Lower and Middle 
Permian) of Croatia. The Loei specimens 
have a slightly smaller shell and fewer volu
tions than the latter. 

This species can be easily distinguished 
from Sphaerulina crassispira Lee, the type 
species of the genus, in having a more loosely 
coiled shell. 

Materials.-Axial sections: IGUT
KU0365, KU0366, KU0368-KU0370, 
KU0372 from Loe-34; KU0371 from Loe-36. 
Tangential section: IGUT-KU0367 from 
Loe-34. 

Genus Pseudoendothyra Mikhailov, 1939 
Pseudoendothyra? constricta Igo, 

Ueno and Sashida, sp. nov. 

Figures 7-5-13 

Diagnosis-Small Permian Pseudoendoth
yra having a lenticular shell with bluntly 

Table 6. Measurements of Pseudoendothyra ? constricta Igo, Ueno and Sash ida, sp. nov. (in mm) 

Radius vector 
Reg. no. Figure Length Width F.R. D.P. 

I 2 3 4 5 

I IGUT-KU0340 7-5 0.36 1.03 0.35 0.060 0.07 0.13 0.19 0.35 0.55 

2 IGUT-KU0341 7-6 0.34 0.90 0.38 0.060 0.06 0.12 0.18 0.32 0.49 

3 IGUT-KU0342 7-7 0.30 0.97 0.31 0.050 0.08 0.14 0.24 0.40 

4 IGUT-KU0343 7-8 0.27 0.76 0.36 0.050 0.05 0.10 0.16 0.28 0.46 

5 IGUT-KU0344 7-9 0.34 0.74 0.41 0.045 0.07 0.14 0.23 0.38 

6 IGUT-KU0347 7-12 0.41 0.87 0.47 0.055 0.06 0.11 0.16 0.27 0.49 

7 IGUT-KU0348 7-13 0.37 1.16 0.32 0.060 0.07 0.12 0.19 0.35 0.52 

Form ratio Thickness of spirotheca 

I 2 3 4 5 I 2 3 4 5 

I 0.86 0.69 0.60 0.56 0.46 0.010 0.Ql5 0.025 0.025 0.025 

2 0.67 0.67 0.58 0.48 0.44 0.010 0.010 0.010 0.015 0.025 

3 0.75 0.64 0.56 0.49 0.015 0.010 0.030 0.020 

4 0.60 0.60 0.59 0.55 0.47 0.005 0.010 0.020 0.020 0.020 

5 0.57 0.50 0.54 0.46 0.010 0.020 0.020 0.015 

6 0.67 0.55 0.53 0.50 0.42 0.010 0.Ql5 0.025 0.030 0.010 

7 0.57 0.50 0.50 0.44 0.39 0.010 0.015 0.020 0.020 0.020 
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pointed periphery and shallow umbilicus. 
Outermost volution commonly evolute. 
Spirotheca with fine alveolar structure. 
Chomata present. 

Description.-Shell small for Permian rep
resentatives of the genus and lenticular with 
bluntly pointed periphery and slightly umbil
icated axial regions. Mature specimens hav
ing 4 Yz to 5 Yz volutions, 0.27 to 0.41 mm in 
length and 0.76 to 1.16 mm in width. Form 
ratio ranges from 0.32 to 0.47, averaging 0.37 
for 7 specimens. The holotype of 5 volutions 
0.36 mm in length and 1.03 mm in width with 
a form ratio of 0.35. 

Axis of coiling almost straight. Shell 
involute except for the last volution and 
expands uniformly. Radius vectors of the 
first to the fifth volution of the holotype 
(Figure 7-5) 0.07, 0.l3, 0.19, 0.35, and 0.55 
mm, and form ratios 0.S6, 0.69, 0.60, 0.56, and 
0.46, respectively. 

Proloculus small and spherical, being 0.045 
to 0.060 mm in outside diameter. 

Spirotheca light brown and slightly recrys
tallized. Fine alveolar structure observed in 
spirotheca. Thickness of spiro theca of the 
first to the fifth volution of the holotype 
0.010, 0.015, 0.025, 0.025, and 0.025 mm, 
respectively. 

Septa unfluted. Chomata small and asym
metrical, developed in all volutions except for 
the first one in some specimens. Tunnel path 
straight. Tunnel angles of the first to the fifth 
volution of axial section of one paratype 
(Figure7-S) 17, 17, 15, 17, and 25 degrees, 
respectively. 

Remarks.-Fine alveolar structure is obser
ved in the spiro theca of the present new 
species. This seems inconsistent with the 
original diagnosis of the genus Pseudoendoth
yra. Accordingly, the present new species is 
tentatively assigned to Pseudoendothyra. 

Pseudoendothyra? constricta, sp. nov. 
somewhat resembles P. obiniouensis which 
was originally described by Leven (l970b) 
from the Yakhtashian of Darvas. However, 
the former differs from the latter in having a 

slightly larger shell with more volutions, 
smaller form ratio and more rounded periph
ery, and fine alveolar structure in the spiroth
eca. 

Etymology. - The specific name is derived 
from the Latin constrictus, meaning constrict
ed. 

Materials.-Axial section of the holotype : 
IGUT-KU0340. Axial sections of para
types: IGUT-KU034l-KU0344, KU0346 
-KU034S. Parallel section of paratype: 
IGUT-KU0345. All specimens from Loe-35. 

Measurements.-See Table 6. 

Pseudoendothyra ? sp. 

Figure 7-14 

Remarks.-Fine alveolar structure is dis
cernible in the spirotheca of the present 
species. This species is closely allied to 
Pseudoendothyra? constricta, sp. nov., but 
differs from the latter in having a slightly 
longer axis of coiling and larger form ratio. 

Material.-Axial section: IGUT-KU0349 
from Loe-35. 
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950. SKELETAL STRUCTURES OF LOWER AND MIDDLE 
MIOCENE LOPHOPHAENIDS (RADIOLARIA) 

FROM CENTRAL JAPAN* 

KAZUHIRO SUGIYAMA 

Department of Earth and Planetary Sciences, School of Science, 
Nagoya University, Nagoya, 464-01 

Abstract. Nine species of five lophophaenid genera are described from the Lower 
Miocene Toyohama Formation, Morozaki Group, Aichi Prefecture and the lowest Middle 
Miocene Oidawara Formation, Mizunami Group, Gifu Prefecture, central Japan. A special 
attention is given to describing and illustrating the details of their skeletal structures which 
possess one or two horizontal rings, since it is believed that these details are important in 
establishing the taxonomy and clarifying the phylogenetic relationships. The examination 
discriminates seven types of skeletal structure. Four species are newly described, and two 
new genera, Steganocubus and Cryptogyrus, are also erected herein. 

Key words. Radiolaria, lophophaenids, skeletal structures, Lower and Middle 
Miocene, central Japan 

Introduction 

I recently reported the occurrence of well 
preserved radiolarians in the Lower Miocene 
Toyohama Formation, Morozaki Group, 
Aichi Prefecture (Sugiyama, 1992), and illus
trated one characteristic species identified as 
Helotholus vema Hays, 1965. This species, 
having a unique basal ring (Hays, 1965) in the 
skeleton, was originally described from Ant
arctic sediments, and is one of the most char
acteristic species of the Pliocene radiolarian 
fauna of the Antarctic region (e.g. Hays, 
1965; Chen, 1975). Moreover, Kellogg 
(1975) and Weaver (1983) mentioned that H. 
vema was derived from an ancestral elongated 
form (H. praevema Weaver, 1983) by 
increases of thoracic width during the Late 
Miocene to Pliocene interval. My previous 
identification is, therefore, stratigraphically 
problematic and a taxonomic reexamination 
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should be necessary. 
However, it seems that the taxonomic posi

tion of H. vema is essentially problematic. 
The problems can be summarized in the fol
lowing two points: One concerns whether 
the genus Helotholus Jyjrgensen, 1905, is a 
junior synonym of the genus Ceratocyrtis 
Biitschli, 1882, or not, and the other is 
whether H. vema really belongs to this genus 
or not. Concerning the former problem, 
Petrushevskaya (1971 b) was the first who 
formally synonymized these two genera, and 
her action seems to be reasonable. Thus the 
problem is out of interest for this paper. 
However, the latter problem remains unset
tled although over the past two decades many 
papers have discussed the taxonomy of H. 
vema, although Weaver (1983), Chen (1975), 
Lazarus (1990), and others kept the original 
generic assignment for this problematic 
species. On the contrary, Petrushevskaya 
(197lb), Dumitrica (1973), Sanfilippo (1988), 
and others referred H. vema to the genus 
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Pseudocubus Haeckel, 1887, based on the 
similarity of their skeletal structures. 

Moreover, one can point out that the tax
onomic problem of H. vema concerns not 
only Pseudocubus but also other genera. 
For example, some species of the genus 
Antarctissa Petrushevskaya, 1967, seem to 
have a skeletal structure similar to H. vema 
and Pseudocubus, although their precise 
skeletal structure has not been fully described 
yet (e.g., Antarctissa ewingi Chen, 1974, pI. 3, 
fig. 6; A. whitei Bj¢rklund, 1976, pI. 13, fig. 
13). In addition, a certain external similarity 
is present between the genera Antarctissa, 
Botryopera and Ceratocyrtis (= Helotholus) 
as discussed by Petrushevskaya (1986). Con
sequently, we cannot determine the generic 
assignment of H. vema without establishing a 
consistent taxonomy for all the genera 
mentioned above. There is no need to stress 
that perfect understanding of their skeletal 
structures is necessary before everything for 
that purpose. Our present state of knowl
edge about their skeletal structures is, how
ever, too poor to consider their precise taxon
omy, much less their phylogeny. 

During the subsequent investigations on 
radiolarian assemblages from the Toyohama 
Formation and the lowest Middle Miocene 
Oidawara Formation, Mizunami Group, Gifu 
Prefecture, I have fortunately obtained well 
preserved materials whose speletal structure is 
the same or similar to the above mentioned 
problematic taxa, and, as a result of the exam
ination, I realized that to stress ring structure 
in the skeleton is very useful for their taxon
omy. In the present study, therefore, I focus 
on describing the structures in detail using a 
scanning electron microscope (SEM) in order 
to present fundamental taxonomic informa
tion. The results should contribute to our 
better grasp of taxonomy of all nassellarians 
in future. 

Geologic setting and age 

The Morozaki Group is widely distributed 

in the southern part of the Chita Peninsula, 
Aichi Prefecture, and is divided into the 
Himaga, Toyohama, Yamami and Utsumi 
Formations in ascending order (Shibata, 
1977). It abundantly yields a deep sea fossil 
fauna composed chiefly of Echinodermata, 
Crustacea, Mollusca and Pisces which charac
terizes a bathyal and mesopelagic oceanic 
environment (Shibata, 1977; Hachiya et al., 
1988). The Toyohama Formation, the sec
ond lowest one of this group, is composed 
mainly of thick, tuffaceous mudstone ac
companied by a subordinate amount of sand
stone and tuff layers. The tuffaceous mud
stone sometimes intercalates with calcareous 
nodules which are approximately 10 cm in 
major diameter and usually contain chelipeds 
of the thalassinidean decapod Callianassa 
titaensis Nagao. Radiolarians are very well 
preserved in the nodules, and a preliminary 
report by Sugiyama (1992) revealed that they 
are relatively rich in cool-temperate indica
tors. Four rock samples treated in this study 
named TH-l, 2, 3 and 4, the first three samples 
were already used in Sugiyama (1992), are 
also decapod-bearing calcareous nodules em
bedded in a tuffaceous mudstone of the Toyo
hama Formation (Figure 1). They were 
obtained approximately from the middle part 
of the Toyohama Formation. More than 
150 radiolarian species have been recovered 
from these samples. 

The precise geologic age of the Toyohama 
Formation is not known yet. However, I 
obtained the following radiolarian species in 
my subsequent investigations: one individ
ual of Lychnocanoma elongata (Vinassa de 
Regny) from TH-2, one individual of Sti
chocorys sp. aff S. delmontensis (Campbell 
and Clark) from TH-4 and four individuals 
of S. armata (Haeckel) from TH-2,3 and 4. 
They indicate that part of the Toyohama 
Formation corresponds to an interval from 
the Lower Miocene Stichocorys delmontensis 
Zone to the Middle Miocene Dorcadospyris 
a/ata Zone of Riedel and Sanfilippo (1978), 
according to Sakai (1980). My preliminary 
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Figure 1. Map showing localities of the samples TH-l, 2,3 and 4 from the Toyohama Formation, 
Morozaki Group. 

investigation on the co-existing diatoms has 
revealed that the flora is dominated by Kis
seleviella carina Sheshukova-Poretzkaya and 
lacks Denticulopsis species. The Toyohama 
Formation is, therefore, correlative with the 
Early Miocene Kisseleviella carina Zone to 
Actinocyclus ingens Zone (Koizumi, 1985). 
Although further detailed investigations 
should be necessary for precise age determina
tion, I tentatively consider that the age of the 
studied samples is of late Early Miocene in 
this study. 

The Lower to Middle Miocene Mizunami 
Group distributed in the Mizunami basin, 
Gifu Prefecture, is considered as a contempo
raneous heterotopic facies of the Morozaki 
Group. According to Itoigawa (1974), the 
Mizunami Group is divided into four forma
tions of which the Oidawara Formation, 
composed mainly of tuffaceous and 
diatomaceous mudstone, disconformably 
overlies the other three formations. Itoigawa 
et al. (1974) recognized the Nelionella 
-Phanerolepida molluscan assemblage from 

this formation, and inferred a lower sublittor
al depositional environment. Mori (1974) 
examined diatoms from this formation, and 
estimated an inshore to coastal depositional 
environment affected by oceanic water. 

The studied route covers approximately the 
whole section of the Oidawara Formation 
from the lowest disconformity to the upper
most unconformity (Figure 2). The Oid
awara Formation in this route is composed of 
two lithologic units divided by a sharp 
boundary: lower unit consisting of 
pumiceous sandstone to sandy siltstone, with 
or without underlying basal conglomerate, 
and intercalating several tuff layers; and 
upper unit composed of monotonous 
diatomaceous siltstone. The lower unit may 
represent a shallower depositional environ
ment than that of the upper unit jUdging from 
its coarser lithology. The occurrence of 
radiolarians in the lower unit is very rare, 
whereas the upper unit yields a large quantity 
of siliceous microfossils such as diatoms, 
silicoflagellates and radiolarians. This study 
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.0. Pl iocene 
lliWilli conglomerate - Upper Oidawara F. 

(diatomaceous 
siltstone) 

~ ~ Lower Oidawara F. 
(siltstone. cgl.. tuff) 

Hazarna F. 

N 
§ vv v (pumiceous tuff) 

Figure 2. Route map and geologic column of the Oidawara Formation, Mizunami Group in the 
studied area, showing the locality a nd horizo n of samples 00-17, IS, 21 , 26,27 and 2S. 

deals with six rock samples 00-17,18,21,26, 
27 and 28 from the upper unit. More than 
120 species of radiolarians have been recover
ed from these samples. 

Sugano (1976) already reported the occur
rence of 34 species of radiolari ans in the 
Oidawara Formation, and correlated it to the 
Meliltosphaera magnaporulosa Zone (Na
kaseko and Sugano, 1973) which ranges in 
age from Early to early Middle Miocene. In 
this study, I obtained the following index 
species throughout the upper unit: Calocy
clelta costata (Riedel), C. virginis (Haeckel) , 
Stichocorys delmontensis (Campbell and 
Clark) , Dorcadospyris Jorcipata (Haecke l) 
and Ceratocyrtis stoermeri Goll and Bj¢-

rklund. It is, therefore, concluded that this 
formation is correlative with the Calocyclelta 
costata Zone of Riedel and Sanfilippo (1978) 
and the Ceratocyrtis broeggeri Zone of Goll 
and Bj ¢ rklund (1989). The six studied sam
ples are thus of an Early to Middle Miocene 
age, according to Riedel and Sanfilippo 
(1978) , Sakai (1984) , Goll and Bj¢rklund 
(1989) and so on. 

Descriptive terminology 

As mentioned in the introduction, the main 
purpose of the present study is to understand 
the skeleta l structures of some lophophaenids 
from the Lower to Middle Miocene of central 
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Figure 3. Characteristic index species from the Toyohama and Oidawara Formations. 1 : 
Lychnocanoma elongala (Vinassa de Regny) , ESN 146431 , TH-2. 2: Stichocorys sp. aff. S. delmontensis 
(Campbell and Clark), ESN 146432, TH-4. 3: Dorcadospyris jorcipata (Haeckel), ESN 146451 , 00-26. 
4: Stichocorys delmontensis (Campbell and Clark), ESN 146452, 00-28. 5 : Calocycletta costala 
(Riedel), ESN 146453,00-26. All sca le bars = 50 ,urn. 

Japan . They are, however, so complicated 
geometrically that some special terms are 
necessary to formu late them. In the first 
place, descriptive terms used in this study, 
adding traditional ones, are listed and briefly 

explained below. Schematic illustrations are 
also shown in Figure 4. 
Arch: Skeleton connecting 
The expression follows 
( 1968). 

two basic rays. 
Petrushevskaya 

I" 
A I" 

D 

MB PR 

Dorsal view Oblique lateral view Basal view 

Figure 4. Schematic illustrations of idealized skeletal structure. 



950. Lower and Middle Miocene lophophaenids 49 

Sagittal plane: A meridional plane passing 
through MB. 
MB: Median bar. 
A: Apical ray (spine). 
A': Lateral branch of A from the junction of 
PRo It always lies in the sagittal plane. 
D: Dorsal ray (spine). 
D': Lateral branch of D from the j unction of 
MB and A. The angle between D and D' is 
commonly 30·-45". Two D', one at each side 
of D, may be present in a specimen. Well
developed D' is undiscerned from proper 
secondary lateral ray (1). 
L: Primary lateral ray (spine). The orienta
tion is shown as Lr, meaning right primary 
lateral ray, in due place. This follows not 
Petrushevskaya (1968, fig. 1) but De Wever 
(1981, fig. 1) and Dumitrica (1991, fig. 1). 
L': Long lateral branch of L. The angle 
between Land L' is commonly less than 45·. 
One L usually has one L' on the dorsal side. 
l': Stout, laterally directed bar arising from 
PRo It lies between D and L in basal view. 
I": Longitudinal bar extending from the 
junction of l' and PRo In basal view, two I" 
usually make a larger angle than two l' do, 
and commonly lie in a plane perpendicular to 
the sagittal plane. 
V: Vertical ray (spine). 
V': Stout, laterally directed bar arising from 
PRo It is nearly in the sagittal plane. 
V": Longitudinal bar extending from PRo 
It commonly arises from the same position as 
V and V', but rarely has a different position. 
Ax: Axial spine. 
L-R: Longitudinal bar typically connecting 
the middle part of Land PR situating at the 
junction ofL and L'. The length is variable, 
so it is in some cases hardly recognized. The 
position is also more or less unstable, espe
cially when L' is strongly developed. Then 
it connects PR not with L but with L'. This 
skeleton possibly corresponds to bb' and cc' 
of Swanberg and Bj¢rklund (1987). 
PR: Proximal ring which can be connected 
with A, A', two 1', two I", two L-R, V, V' and 
V". It is situated on a horizontal plane near 

the stricture between the first and second 
segments. According to Petrushevskaya 
(1968), PR+two L-R are homologous with 
arches two ap + two pj when V is present, 
whereas they correspond to two ap + pp 
when V is absent. They are also 
homologous with arcs b' x' c' + b'dec' of 
Swanberg and Bj¢rklund (1987). Further 
comments are given in the next section along 
with comments on DR. 
DR: Distal ring which connects the distal 
parts of A, two I" and V". 
X: Distance between PR and DR. 
Y: Distance between DR and the top of the 
eucephalis. 

Notes on skeletal ring and taxonomy 

It is well known that nassellarians have an 
internal skeleton, consisting of MB and basic 
rays (A, D, L, I, V and Ax) with or without 
arches, and that many radiolarian taxono
mists consider the skeletal structure as the 
most important criterion for classification. 
For example, the main purpose of studies by 
Riedel (1967, 1971), Petrushevskaya (1971 a, 
1971b,1981), Takemura (1986), Nishimura 
(1990), and others is to establish the natural 
system of nassellarians based on their skeletal 
structure. Their common conception is that 
the morphology occurring in earlier 
ontogenetic stages may be a more conserva
tive for phylogeny than features formed in 
latter stages. That is to say, their conception 
conforms to that of heterochrony 
(McNamara, 1986). 

Besides the arrangement of the basic rays of 
the internal skeleton, Petrushevskaya (1968) 
was the first who recognized the significance 
of arches for all nassellarian classification. 
Her comprehensive studies (Petrushevskaya, 
1971a, 1971b, 1981, etc.) appear to have 
influenced many subsequent investigators. 
Among them a special mention must be paid 
for the result of Swanberg and Bj¢rklund 
(1987), who examined the incipient ontogeny 
of the living cannobotryid Amphimelissa 
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setosa (Cleve) in detail, and revealed that 
most arches (corresponding to the term "arcs" 
in their paper) occur prior to the development 
of D, I, V and Ax. From this, one can imme
diately suppose that the arch structure of 
nassellarian skeleton is a more conservative 
feature than the final pattern of arrangement 
of the basic rays. 

Among the arches, those developed nearly 
horizontally at or near the collar region are 
easy to observe even if the shell wall is thickly 
developed on specimens, since it normally has 
a rather thin or incomplete wall and the 
arches are easily recognizable as ridges or 
swells on the wall in most cases. Those 
arches look as if to form a "ring" and to have 
a distinctive character as an independent 
skeletal element in basal view. However, 
except for Nishimura (1990) who used the 
term "basal ring" for this structure of all 
nassellarians, most investigators have paid 
attention to it as a characteristic of the skele
ton mainly for two taxa: acanthodesmiids 
and those nassellarians with the 
Pseudocubus-type skeletal structure whose 
"rings" are not directly attached to the shell 
wall but connected with it through interven
ing connector bars. They are tentatively 
called Pseudocubus group, which does not 
correspond to any present nomenclatures. 
For acanthodesmiids, the relevant authors are 
Haeckel (1887) and Goll (1958) who used the 
term "basal ring", whereas Haeckel (1887), 
Popofsky (1908, 1913), and Dumitrica (1973) 
used the term "ring" for the Pseudocubus 
group. Moreover, Hays (1965) and Lazarus 
(1990) used similar terms including the word 
"ring", which are "basal horizontal ring" and 
"internal ring", respectively. They are 
apparently for the Pseudocubus group. 

It is obvious that PR used in this paper is 
applicable only to the Pseudocubus group, as 
defined in the way explained in the third 
section. Of the nine species described in this 
paper, it has revealed that seven, excluding 
two Ceratocyrtis species, have such PR in 
their skeleton (Table 1). Then one can 

Table 1. Correlation of seven typical 
skeletal structures discriminated in the present 
study. 

~racteristi 
spedes ~hology PR DR A' I' V V' Y{X shell 

P •• udocubus obel'acus 0 0 - 0 0 - S -
Sleganocubus subllll. 0 0 0 0 - 0 S 0 

S. IIpus 

Bolryopera (1) 'aploslraca 0 0 0 0 0 - L 0 

Bolryopera (1) white' 0 0 0 0 0 0 L 0 

Bofryoper. (1) .p. A 0 0 0 0 0 ? L 0 

Cryplogyrus trachylobus 0 0 - - 0 - L 0 
Ce,.'ocyrlis stoermerl 0 - - - 0 - - 0 C. 8p. aU. C. hl.tt/cosus 

o - presence - - absence S - small value L - large value 

notice that the skeletal structure of the group 
is commonly characterized by possessing 
another, horizontal or nearly horizontal con
nection of arches above PR, which may be 
parts of eucephalic lattice bars. This cannot 
be formulated by Petrushevskaya's (1968) 
method, but seems to be a significant skeleton 
closely related to PRo Because of the similar
ity of the general shape to PR and the posi
tion in the skeletal structure, I call it DR in 
this paper. 

The subfamily or family assignment of the 
Pseudocubus group has been unsettled. For 
example, Petrushevskaya (1971 b, 1981) as
signed Pseudocubus to the subfamily 
Plagiacanthinae Hertwig, 1879, emend. 
Petrushevskaya, 1971a, whereas Sanfilippo 
(1988) put it in the family Cannobotryidae 
Haeckel, 1881, emend. Riedel, 1967. How
ever, my investigations proved that it has a 
close phylogenetic relationship to the sub
family Lophophaeninae Haeckel, 1881, 
emend. Petrushevskaya, 1971 b, although the 
typical 10phophaenin "ring" is not free from 
the shell wall and is actually not horizontal: 
Their arches ap and pj or ap and pp when V 
is absent have a certain common part just 
above L, in spite of its various lengths. This 
is notable because the part is considered to be 
homologous with L-R of the Pseudocubus 
group (Figure 5). Moreover, a lopho-
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-=PR 

Figure 5. Schematic illustration showing corre
spondence between Petrushevskaya's (1968) arches 
and PR and L-R of this study. 

phaenin skeletal structure is generally char
acterized by possessing prominent L' and 
often also A' and D' (e.g. the genera Lopho
phaena Ehrenberg, 1847, and Pseudodictyo
phimus Petrushevskaya, 1971b, Fig. 23-2a-
3b). These features are undoubtedly in com
mon with the Pseudocubus group, and two 
species of the genus Ceratocyrtis Butschli, 
1882, described in this paper have this type of 
skeletal structure. Consequently, I consider 
that the Pseudocubus group is a member of 
Lophophaeninae and that it would be better 
to raise the subfamily to family rank. 

Systematic description 

All specimens treated in this study are 
deposited in the Department of Earth and 
Planetary Sciences, School of Science, 
Nagoya University (ESN). 

Class Radiolaria 
Order N assellaria 

Family Lophophaenidae Haeckel, 1881, 
emend. Petrushevskaya, 1971 b 

Remarks.-The diagnosis used in this 
study follows Petrushevskaya ( 1971 b), 
although she subdivided this taxon in her 
later studies. For example, the family Lam
promotridae Haeckel, 1881., emend. Petru-

shevskaya in Petrushevskaya and Kozlova, 
1972, and the subfamily Ceratocyrtinae Petru
shevskaya, 1981, are obviously junior syno
nyms of Lophophaenidae, based on their 
skeletal structures. The precise subdivision 
requires further detailed investigations in 
future. 

Genus Pseudocubus Haeckel, 1887, 
emend. Petrushevskaya, 1971 b 

Pseudocubus Haeckel, 1887, p. 101O.-Petrushevs
kaya, 1971b, p. 149. 

Obeliscus Popofsky, 1913, p. 279. 
Talariscus Loeblich and Tappan, 1961, p. 227. 

Type species: P. obeliscus Haeckel, 1887 
(designated by Campbell, 1954). 

Pseudocubus obeliscus Haeckel 

Figures 7-la--3b; 8-la--Ib 

Pseudocubus obeliscus Haeckel, 1887, p. 1010, pI. 94, 
fig. 11.--Petrushevskaya, 1971 b, p. ISO, figs. 76 
--1-6. 

Plectophora triacantha Popofsky, 1908, p. 262, pI. 29, 
fig. I, pI. 30, fig. I 

Obeliscus peudocuboides Popofsky, 1913, p.280, pI. 
29, figs. 4, S. 

Description.-Test pyramidal in shape, hav
ing stout three-bladed scaffolds above PR, 

(b) .. 

~A DR' V" 

~~ 

o : • Ax' --t;O L-R 

MB 

(0) 

(d)~V" 
DR I" 

~~ 

0' "--- --L-A 
D :Ax Lr 

V" 

MB 

Figure 6. Schematic illustrations of typical 
skeletal structure of Pseudocubus obeliscus Haeckei. 
(a): Dorsal view, (b): Right lateral view. (c): 
Basal view. (d): Right lateral view of gerontic form 
(?). 
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Figure 7. la-3b : PseudoclIblls obelisclIs Haeckel. la- lb: ESN 14650 I, TH-3. 2a, 2b: ESN 
146502, TH-4. Arrow of 2a points to secondary arch. 3a, 3b: ESN 146503, TH-3. This specimen has 
six longitudinal scaffolds, indicated by arrows, owing to the irregul ar bifurcation of primary skeleton, 
which may also contribute to the incompletion of DR. Scale bars: l a, 2a and 3a=50,um ; others=20 
,urn. 
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Figure 8. la-ld: Pseudocubus obelisclls Haeckel , ESN 146541 , TH-4, la ; ventral view, Ib; 
enlargement of oblique basal view, Ic ; enlargement of apical view, I d; enl argement of left lateral view. 
Scale bars : I a = 50 ,u m; others = 20 ,u m. 

usually lacking shell completely. Longitudi
nal scaffolds usually four in number, com
posed of A, two I" and V", tied by both PR 
and DR, and tapering beyond DR. The 
scaffolds sometimes bifurcate at the middle 
part (Figure 7-3a). PR is either circular or 
three-bladed in cross section and usually oval 
in entirety. The minor diameter always lies 
in the sagittal plane. DR is three-bladed in 
cross section . It has a circular outline when 
one views it from the basal or apical side. A 
side of DR is, however, always convex up
ward in lateral view, and has one verticil of 
one or two conical spines on the top. In 
adult specimens (?), the scaffolds have 
spinules above DR, and secondary arches may 
be developed from the tips of them (Figure 7-
2a). The secondary arches finally form 

another horizontal connection, a side of 
which is also convex upward in lateral view 
and has a conical spine on the top. In such 
cases the eucephalic wall is loosely definable 
on the upper half of the test and some thick 
arches are vertically or obliquely developed 
outside the eucephalic part (Figures 8-1 a 
- ld). Basic spicules located at the base of 
the test, consisting of MB, A, D two L, V, 
with or without Ax. A directed upward, circu
lar in cross section in the proximal part, 
straight or slightly bent to dorsal side at the 
junction of PR, and prolonged into a stout 
three-bladed spine beyond it. One or two 
apophyses usually present on the proximal 
exterior side of A. In most specimens, D and 
two L extending either laterally or slightly 
downward, circular in cross section, more or 
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less tapering distally, and having several 
small apophyses on the basal side. In ger
ontic specimens (?), however, two L become 
longer and three-bladed, and have a verticil of 
a few or several spinules radiating in all 
directions. Then D' is well developed, but D 
remains rodlike. L' always missing. Two I' 
stout, commonly conical and proximally 
bladed, becoming longer and distally pronged 
like two L in gerontic specimens (?) . Two I" 
extend upward from the corresponding points 
to two I' . V rodlike, thin, directed obliquely 
upward, extending to PR. V of some speci
mens not extending into V" and, in such 
cases, two V" may be present in the speci
mens. Ax wartlike, sometimes undiscerned 
from the basal apophyses on the D and two L. 
TwoL-R long or short, sometimes unequal. 
A' and V' missing. Each junction of DR 
and A, V" and two I" bears one spine on the 
exterior side. 

Remarks.-Variation of the skeletal struc
ture is in rare cases observed with respect to 
the intersecting position of V and PR, num
ber of V" and length of L-R. Although 

<oj OR 

Figure 9. Schematic ill ustrations of typical 
skeletal structure of Steganocubus subtilis gen. et sp. 
nov. (a): Dorsal vIew. (b) : Right lateral view. 
(c): Basal view. 

Petrushevskaya (1971 b) mentioned that the 
development of V is capable of intensely 
varying, all the examined specimens have V. 
On the other hand, none have A' and V'. 
Judging from the descriptions of previous 
studies (Haeckel , 1887 ; Popofsky, 1908, 
1913 ; Petrushevskaya, 1971b), however, it is 
certain that this species is morphologically 

Figure 11. la, Ib: Steganocubus subtilis Sugiyama, gen. et sp. nov., ESN 146507, TH-2, paratype. 
Scale bars =50 11m. This specimen has a quite irregular skeletal structure, so that the elements cannot be 
named. 

~ Figure 10. la-4b : Steganocubus subtilis Sugiyama, gen. et sp. nov. la- Id: ESN 146504, TH-4, 
holotype. Arrow of Id points to vestigial D' . 2a, 2b: ESN 146505, TH-4, paratype. 3a, 3b : ESN 
146403, same specimen as Sugiyama (1991 , pI. I, fig. 3), TH-I , paratype. 4a, 4b: ESN 146506, TH-2, 
paratype. This specimen has reduced D and lacks V'. Scale bars: la, 2a, 3a and 4a = 50 11m ; others = 20 
11m. 
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much more variable than the result confirmed 
in this study. 

Dimensions (in J.lm).-Based on measure
ment of 22 completely preserved specimens 
examined by SEM. Height of test; 50-93. 
Maximum width of test; 60-98. Maximum 
diameter of PR; 18-30. 

Occurrence.-TH-l,2,3,4 and 00-17,18 
(very rare in abundance). 

Genus Steganocubus Sugiyama, gen. nov. 

Etymology.-From the Greek steganos, 
covered, and kybos, a cube; masculine gen
der. 

Included species.-S. subtilis Sygiyama sp. 
nov. (type species) and S. /ipus Sugiyama sp. 
nov. 

Diagnosis.-Large cephalis enclosing inter
nal skeleton. A, two I", V" relatively long. 
A', D, two L, two I' and V" commonly exten
ding to the shell wall. They are, however, 
sometimes reduced or absent irregularly (Fig
ures 1O-4b; 11-1 b). I" usually lies in a 
bisectional position between D and L. D' 
and L' vestigial (Figure 10-1 d) or completely 
absent. V missing. L-R and Ax variable in 
length. A few, short connector bars irregu
larly developed especially on the ventral side. 
They connect PR and the shell wall or DR. 
DR lies in a high position in the cephalis. 
Y IX is less than 1. Thorax may be present. 

Remarks.-This genus is distinguished 
from Pseudocubus externally by the presence 
of the shell wall, and internally by having 
stout and long A', D and V', and by lacking 
V completely. This genus was undoubtedly 
derived from Pseudocubus by direct acquisi
tion of the shell wall on the skeleton, ac
companied by a certain modification of the 
skeletal structure. It is, therefore, clear that 
the segment above DR corresponds not to the 

whole cephalis but to the upper part of the 
eucephalic lobe. 

Helotholus vema Hays, 1965, seems to near
ly satisfy the generic diagnosis of this genus, 
and one can be fairly certain that H. vema is 
more or less related to the present new genus. 
However, it often has V in the skeleton (e.g. 
Petrushevskaya, 1971 b, figs. 24-2, 3 and 4; 
Chen, 1975, pI. 16, fig. 4: Weaver, 1976, pI. 1, 
fig. 11). Moreover, a personal preliminary 
investigation, the results of which will be 
published in the near future, revealed that the 
typical form of H. vema has six longitudinal 
scaffolds as illustrated by Petrushevskaya 
(1971 b, fig. 17-5) and another well known 
form having bladed scaffolds including four 
longitudinal ones and lacking Vas illustrated 
by Lazarus (1990, figs. 1-5) is possibly 
conspecific with Pseudocubus warreni Goll, 
1980. Furthermore, as mentioned in the 
introductory section, Kellogg (1975) and 
Weaver (1983) concluded that the typical 
form of H. vema was derived from a more 
elongated ancestor H. praevema Weaver, 
1983, by the sinking of the cephalis into the 
thorax and simultaneous increase of thoracic 
width during a short interval. The latter 
species may lack PR free from the shell wall 
judging from Weaver's (1983) original 
description. If their observations and con
clusion are right, H. vema and two species of 
Steganocubus gen. nov. are regarded as con
vergent forms having phylogenetically in
dependent PR free from the shell wall. 
Although such a situation is practically 
suspected, I cannot reject it completely at 
present. The assignment of H. vema to this 
new genus is reserved at this time based on the 
above mentioned facts. 

Steganocubus subtilis Sugiyama, sp. nov. 

~ Figure 12. la-4b: Steganocubus /ipus Sugiyama, gen. et sp. nov. la, Ib: ESN 146508, 00-27, 
holotype. 2a, 2b: ESN 146509,00-28, paratype. 3a, 3b: ESN 146510,00-27, paratype. This specimen 
has an irregular skeletal structure. 4a, 4b: ESN 146511,00-28, paratype. Arrows of Ib, 2b and 4b point 
to I". Scale bars: la, 2a, 3a and 4a=50 Jim; others=20 Jim. 
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Figures 10-1 a-4b; 11-1 a, I b 

Helotholus vema Hays-Sugiyama, 1992, pI. I, fig. 3. 

Description.-Cephalis hemispherical to 
dome-shaped, porous, with or without short 
external spines. It is composed of three lobes 
of which the eucephalic one is usually dis
cernible externally by a certain stricture corre
sponding to the place of DR. Ante- and 
postcephalic lobes are equal in size. Thorax 
may be developed, but is short with an 
obscure collar stricture. Wall thin, bearing 
numerous, short by-spines on the upper half. 
Pores are circular to oval, variable in size, 
without regular arrangement. Skeletal con
struction as with genus: Ax wartlike or 
absent. All of the elements of the skeleton 
are circular in cross section. 

Remarks.-This species is similar to 
Helotholus vema Hays but is distinguished 
from the latter species by its smaller test 
dimensions, common development of 0, shor
ter Ax, and complete lack of V. 

Dimensions (in jlm).-Based on measure-

F 
I~:~~ L-R--f~ L-R 

LI Lr 

DR 

Figure 13. Schematic illustration of typical 
skeletal structure of Botryopera (?) leptostraca sp. 
nov. (a): Dorsal view. (b): Right lateral View. 
(c): Basal view. 

ment of 42 specimens examined by SEM. 
Height of test; 50-93. Maximum width of 
test; 55-85. Maximum diameter of PR: 
15-30. 

Holotype.-ESN 146504 (Figs. 1O-la-ld) 
from TH-4. 

Occurrence.-TH-l, 2, 3 and 4 (common in 
abundance ). 
Etymology.-From the Latin subtilis, minute. 

Steganocubus /ipus Sugiyama, sp. nov. 

Figures 12-la-4b 

Description.-Cephalis is composed inter
nally of three lobes of ante-, eu- and postce
phalis. They are, however, hardly recog
nized externally owing to the secondary devel
opment of the micro granular covering on the 
upper part of the cephalic wall. Thorax 
relatively long, not closed distally, having a 
more or less distorted shape in cross section. 
Collar stricture may be distinct. Pores are 
circular to oval, deeply set in pore frames. 
They are without regular arrangement on the 
upper part of the cephalic wall, but show 
more or less longitudinal arrangement on the 
lower part of the cephalic and the whole 
thoracic wall. Numerous short by-spines 
extending from the pore frames. Skeletal 
structure is identical to that of S. subtilis sp. 
nov. but the development of Ax is more 
prominent. 

Remarks.-This species is morphologically 
distinguished from S. subtilis by having a 
more elongated and thicker shell wall, more 
or less regularly arranged pores, and distinct 
Ax. However, the true phylogenetic rela
tionship between the two species is at present 
uncertain, and they possibly represent only 
morphologic variants of one and the same 
species. 

Dimensions (in jlm).-Based on measure-

~ Figure 14. la-4b: Botryopera (?) leptostraca Sugiyama sp. nov. la, Ib: ESN 146512, OD-27, 
holotype. 2a, 2b: ESN 146513, OD-17, paratype. 3a, 3b: ESN 146514, OD-17, paratype. 4a, 4b: ESN 
146515, OD-21, paratype. Arrows of la, 2a and 3a point to delicate meshwork between by-spines. Arrows 
of Ib and 2b point to short I". Sa, 5b: Botryopera (?) whitei (Bj\'irklund), ESN 146516, OD-IS. Scale 
bars: la, 2a, 3a, 4a and 5a=50 pm; others = 20 pm. 
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Figure 15. Schematic illustrations of typical 
skeletal structure of Botryopera (?) whitei (Bj¢r
klund). (a): Dorsal view. (b): Right lateral 
view. (c): Basal view. 

ment of 18 specimens examined by SEM. 
Height of test; 65-123. Maximum diameter 
of test; 65-100. Maximum diameter of PR ; 
10-25. 

Holotype.-ESN 146508 (Figures 12-1a, 
Ib) from 00-27. 

Occurrence.-OD-17, 18,26,27 and 28 
(very rare in abundance). 

Etymology.-From the Greek lipos, fat. 

Genus Botryopera Haeckel, 1887 

Botryopera Haeckel, 1887, p. 1108. 
Trisulcus Popofsky, 1913, sensu Petrushevskaya, 

1971b, p. 140 (partim). 

Type species.-B. cyrtoloba Haeckel, 1887 
(designated by Petrushevskaya, 1975). 

Remarks.-The generic concept used in 
this study mainly follows that of Petrushevs
kaya (1975, 1981, 1986). This genus is easily 
distinguished from Pseudocubus and 
Steganocubus gen. nov. by its large euce
phalic lobe sitting on DR. This seems to be 
closely related to the value of YjX, which is 
much larger than 1 in this genus. One can 
remark that the detailed skeletal structure is 
at the present time not well understood with 
respect to every species in the genus. There-

fore, the generic assignment of the following 
three species remains tentative. In order to 
solve this problem it is necessary to redescribe 
the type species in detail, including its 
skeletal structure. 

Botryopera (?) leptostraca 
Sugiyama, sp. nov. 

Figures 14--1a-4b 

Description.-Eucephalic wall pierced by 
numerous circular to oval pores of relatively 
small size, possessing a large number of by
spines on the surface, rimmed by DR on the 
lower margin. Perforate, delicate shell wall 
develops downward from DR or slightly 
higher level than DR. It is cylindrical or 
truncated conical in the lateral view, and 
corresponds to ante- and postcephalic wall. 
Delicate meshwork may also develop between 
by-spines (Figs. 14-1a, 2a and 3a). DR and 
PR are always connected by a part of A, two 
I", V and two pillars developed near the 
junctions of two L-R and PRo Further con
nector bars may be present between both 
rings. A' well-developed. D and two L 
have one verticil of one to three spinules of 
which D' and L' are moderately developed 
and sometimes extend to the shell wall. Two 
I' are proximally amalgamated with two short 
1". V situated in the sagittal plane and may 
penetrate the shell wall outside beyond the 
junction of DR. V' and V" are completely 
absent. All of the skeletal elements are cir
cular in cross section. 

Remarks.-This species is similar to 
Botryopera (?) pseudoantarctissa Petrushevs
kaya in Petrushevskaya and Kozlova (1979), 
but differs from the latter species in having V 
in the sagittal plane, and rather delicate shell 
wall. 

Dimensions (in ,um).-Based on measure
ment of 24 specimens examined by SEM. 
Height of test; 65-95. Meximum width of 
test; 65-73. Maximum diameter of PR: 
15-25. 

Holotype.-ESN 146512 (Figures 14-1a 
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Figure 16. 1a-6b : Botryopera (?) whitei (Bj¢rklund). 1a,lb : ESN 146517,00-18. 2a,2b : ESN 
146518, 00-18. 3a, 3b : ESN 146519, 00-17. 4a, 4b : ESN 146520, 00-17. 5 : ESN 146521 , 00-18. 
6a, 6b : ESN 146522,00-17. Scale bars : l a, 2a, 3a, 4a, 5 and 6a = 50jim ; others = 20 jim. 
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-Ib) from 00-27. 
Occurrence.-TH-4, 00-17,18,21,26,27 

and 28 (very rate in abundance). 
Etymology.-From the Greek, leptos, deli

cate, and ostracon, shell. 

Botryopera (?) whitei (Bj¢rklund) 

Figures 14-5a-5b; 16-la-6b; 17-la-3 

Antarctissa whitei Bjprklund, 1976, p. 1125, pI. 13, 
figs. 9-14, pI. 15, fig. 4. 

Botryopera oceanica whitei (Bjprklund)-Petrushevs
kaya and Kozlova, 1979, p. 122, figs. 325-328. 

Description.-Shell dome- to bullet-shaped, 
entirely spongy due to the development of 
secondary meshwork all around. Thick bris
tles may develop on the shell surface. Pri
mary lattice work of eucephalis is, however, 
relatively rough, and the size of pores is thus 
similar to Cryptogyrus trachylobus sp. nov. 
rather than to B. (?) leptostraca sp. nov. 
(Figure 16-6a). Shallow stricture rarely ex
pressed on the shell wall. Fundamental 
skeletal structure is common with that of B. 
(?) leptostraca sp. nov. It is, however, much 
more complicated by the development of 
additional connector bars between PR, DR 
and the shell wall. PR is quite irregular in 
outline. DR is usually embedded in the 
shell wall, so that the position is not clear 
from the basal view. D' and L' well devel
oped, sometimes extending outside the shell 
wall. V usually swerves from the sagittal 
plane and makes an acute angle with Lr, 
rarely with Ll. It is sometimes free from DR 
and directly penetrates the shell wall beyond 
the junction of PRo V' and V" may be 
present but are hardly distinguished from 
other connector bars. 

Remarks.-Although Petrushevskaya and 
Kozlova (1979) treated this species as a sub
species of B. oceanica (Ehrenberg, 1872), such 
spongy externality may be diagnostic for this 

species group alone. BWrklund (1976) 
mentioned that the occurrence of this species 
in the Norwegian Sea is restricted to the 
Upper Miocene to Pliocene, but the Oidawara 
Formation is undoubtedly lowest Middle 
Miocene judging from all available geologi
cal and paleontological data. The age 
difference suggests the immigration of it from 
the western Pacific to North Atlantic or that 
the occurrence was strongly affected by 
paleooceanographic conditions. Further 
examination is necessary to clarify the prob
lem. B. (?) whitei differs from B. (?) leptos
traca sp. nov. in its much spongier shell wall 
and swerved V. Even if V lies near the 
sagittal plane (Figs. 16-3a, 3b), the former 
species can be distinguished from the latter by 
the development of D', L', V', and spongy 
network on the shell wall. It is very difficult 
to distinguish this species from Steganocubus 
/ipus sp. nov. when the specimens are laterally 
set on a strewn slide. 

Dimension (in J.lm).-Based on measure
ment of 47 specimens examined by SEM. 
Height of test; 58-100. Maximum width of 

(a) (b) 

DR 

D~· . ; "oo-;-..) oo-...}.. 
/ ~~ ~~ 

PA'- U L·R V L-R 

Figure 18. Schematic illustrations of typical 
skeletal structure of Cryptogyrus trachylobus gen. et 
sp. nov. (a): Dorsal view. (b): Right lateral 
view. (c): basal view. 

~ Figure 17. la-3: Botryopera (?) whitei (Bj9rklund). la, Ib: ESN 146523, OD-18. 2a, 2b: ESN 
146524, OD-18. 3: ESN 146525, OD-17, transmitted light micrograph. Arrow points to swerved V. 
4a-4d: Botryopera (?) sp. A, ESN 146526, TH-4. Arrows of 4b point to two 1". Scale bars: la, 2a, 3 and 
4a=50 j.lm; others = 20 j.lm.· 
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test; 50-75. Maximum diameter of PR; 
15-30. 

Occurrence.-OD-17, 18,21,26,27 and 28 
(rare in abundance). 

Botryopera (?) sp. A 

Figures 17--4a-4d 

Description.-Eucephalic wall rugged, 
pierced by numerous circular to oval pores of 
relatively small size, having many rodlike 
by-spines on the upper half, edged by DR on 
the bottom. Additional shell wall devel
oped from slightly higher level than DR 
(Figure 17-4c). It is cylindrical in shape, 
quite delicate, and incomplete in the prox
imal part. The skeletal structure is nearly 
identical to that of B. (?) leptostraca sp. nov., 
but differs from the latter in having question
able V' which is proximally amalgamated 
with V and distally bends downward (Figures 
17-4b-4d). V extends beyond the junction 
of PR, and penetrates the shell wall. D' 
vestigial. L' missing. 

Remarks.-This species is distinguished 
from B. (?) leptostraca and B. (?) whitei in 
having numerous by-spines on the upper part 
of the eucephalis and much thinner addi
tional shell wall. The existence of question
able V' is also diagnostic of this species. 
The proposal of a new name is postponed 
because of the small number of available 
individuals. 

Dimensions (in ,um).-Based on two speci
mens examined by SEM. Height of test; 
85-90. Maximum width of test; 60-63. 
Maximum diameter of PR; 15-18. 

Occurrence.-TH-4 (very rare in abun
dance). 

Genus Cryptogyrus Sugiyama, gen. nov. 

Etymology.-From the Greek cryptos, hid
den, and gyros, circle; masculine gender. 

Type species.-C. trachylobus Sugiyama 
sp. nov. (by monotypy). 

Diagnosis.-Test consisting of exclusively 
large eucephalis, with or without loosely 
defined ante- and postcephalic lattice shell, 
and having a distinct ring structure in the 
skeleton. PR is thick, circular in cross sec
tion. DR is composed of four arches which 
are convex upward and forms the lower 
margin of a large eucephalic chamber. Y IX 
is much larger than 1. A is short, usually not 
forming external prolongation. A' absent. 
D and two L relatively thin. D' and L' may 
be distinct. I' and V' missing. Two I" and 
V" are short. When one views from the 
basal side, two I" always lie in a plane per
pendicular to the sagittal plane. V is com
monly present, but rarely absent as an 
intraspecific variation. In the latter cases, 
PR and DR are connected by five bars consis
ting of A, two I" and two pillars developed on 
the ventral side (Figure 19-4b). There are 
no additional connector bars between PR and 
additional lattice wall. 

Remarks.-This genus differs from 
Botryopera in lacking A', two I' and V', and 
having only four connector bars between PR 
and DR in typical specimens. Further 
remarks are given in the discussion of the type 
species. 

Cryptogyrus trachylobus Sugiyama, sp. nov. 

Figures 19-1a--5; 20-la--2b 

Description.-Skeletal structure as with 
genus: D and two L variable in length. 
They are sometimes markedly long, and irreg
ularly curved and bifurcated distally (Fig. 19 
-ld), and often have a few conical spinules 

+- Figure 19. la-5: Cryptogyrus trachylobus Sugiyama, gen. et sp. no~. 1a-~e: ESN. 146527, O~-27, 
holotype. Arrows of I b point to the distal part of V and thick arch connectmg L With by-spme, respectively. 
Arrow of Ie also points to the distal part of V. Arrow of Id points to the bifurcation of L. 2a, 2b: ESN 
14652S, OD-17, paratype. D of this specimen is broken off. 3: ESN 146529, OD-IS, paratype. 4a-4b: 
ESN 146530, OD-IS, paratype. Arrows of 4b point to two irregularly developed pillars between PR and 
DR. 5: ESN 146531, OD-17, paratype. Scale bars: la, Ib, 2a, 3, 4a and 5=50jlm; others=20jlm. 
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near the junctions of A and L-R. D' and L' 
may be recognizable among the spinules. 
Big eucephalis supported by the skeleton, 
pierced by large, oval to circular pores, hav
ing numerous by-spines on the surface. 
Among the by-spines, those extending from 
the lower margin of the eucephalic lattice 
shell, which are directed obliquely down
ward, are commonly much longer and thick
er. Additional thick arches often grow 
between the tips of them and distal parts of D 
and two L (Figures 19-1 b, 20-2a). The 
development of secondary network between 
neighboring by-spines is also present in some 
specimens (Figure 20-1 a). Adult specimens 
(?) (Figures 19-2a, 3a) have coarse lattice 
wall which corresponds to ante- and postce-

Figure 21. Schematic illustrations of typical 
skeletal structure of Ceratocyrtis sp. aff. C. his
tricosa (J¢rgensen). (a): Dorsal view. (b): Right 
lateral view. (c): Basal view. 

(a) (b) 
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Figure 22. Schematic illustrations of skeletal variation of the genus Ceratocyrtis. (a) and (b); right 
lateral view, (c) and (d); basal view. (a) and (c); extreme structure with L-R connecting Land PR, (b) 
and (d); another extreme structure with L-R connecting L' and PRo 

~ Figure 20. la-2b.: Cryptogyrus trachylobus Sugiyama, gen. et sp. nov. la, lb: ESN 146532, 
00-18, paratype. Arrow of la points to secondary arch between by-spines. 2a, 2b: ESN 146533,00-18, 
para type. Arrows of 2a point to well developed arches connecting two L with by-spines. 3a, 3b: 
Ceratocyrtis sp. aff. C. histricosa (J¢rgensen), ESN 146534, TH-4. Arrow of 3b points to short L-R. 
4a-6: Ceratocyrtis stoermeri Goll and 8j¢rklund. 4a, 4b: ESN 146535, 00-28. Arrow of 4b points to 
the tip of Ax. Sa, 5b: ESN 146536, 00-26. Arrow of 5b points to short L-R. 6: ESN 146537, 00-26. 
Scale bars: 1 a, 2a, 3a, 4a, 4b, 5a and 6 = 50 Ii m; others = 20 Ii m. 
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Figure 23. la, lb: Ceratocyrtis sp. aff. C. hislricosa (J¢rgensen), ESN 146538, TH-4. Arrows of 1 b 
point to L-R. 2a, 2b: Lophophaena sp., ESN 146842. White arrows of 2b point D', black one does 
L-R. This specimen is from the Pliocene Nobori Formation, Shikoku, Southwest Japa n (corresponding 
to the Spongaster pentas Zone of Riedel and Sanfilippo, 1978). Further information is given in Sugiyama 
el al. (1992). 3a, 3b: Pseudodictyophimus lectari Caulet, ESN 146843. Black arrows of 3b point to D', 
white ones to L-R. Locality same as for the preceding species. Scale bars: la, 2a and 3a = 50 j.lm; 
others=20 j.lm. 

phalic wall and is formed by further develop
ment of secondary network below the euce
phalic chamber. The wall roughly encloses 
the basic internal skeleton. 

Remarks. - The development of additional 
lattice wall below the eucephalis has quite a 
wide variational range in the population. It 
is, however, continuous between individuals, 
and may represent either ontogenetic stages or 
phenotypic variation of the adult stage. 
When the additional wall is indefinable, this 
species is similar to the species of the genera 
Peridium Haeckel , 1881 , Phormacantha J¢r
gensen, 1905, and Plectacantha J¢rgensen, 
1905. The former species is, however, distin-

guished from them by having two thick I " 
arranged in a plane perpendicul~r to the 
sagittal plane, lacking a long extern"al prolon
gation of A, and having ante- and postce
phalis in adult specimens (?) . This species 
resembles Botryopera (?) leptostraca sp. nov. , 
from which it differs in having larger pores on 
the eucephalis and the features mentioned in 
the generic remarks. 

Dimension (in j.lm) .-Based on measure
ment of 22 specimens examined by SEM. 
Height of test ; 60-93 . Maximum width of 
test; 55-85. Maximum diameter of PR ; 
10-25. 

H%type.-ESN 146527 (Figures 19- 1a 
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-Ie) from OD-27. 
Occurrence.-TH-4, OD-17, 18,21,26,27 

and 28 (very rare in abundance). 
Etymology.-From the Greek trachys, 

rough, and lobos, lobe. 

Genus Ceratocyrtis Biitschli, 1882, 
emend. Petrushevskaya, 197 I b 

Ceratocyrtis BUtschli, 1882, p. 536.-Petrushevskaya, 
1971b, p.98. 

He/otho/us Jprgensen, 1905, p. 137. 
Bath/ocalpis Clark and Campbell, 1942, p. 64. 

Type species.- Corn u tella ? cucullaris 
Ehrenberg, 1873 (designated by Petrushevs
kaya, 197 I b). 

Remarks.-The generic concept including 
the synonymy follows Petrushevskaya 
(l97Ib). 

Ceratocyrtis stoermeri Goll 
and BWrklund 

Figures 20-4a-6 

Ceratocyrlis stoermeri Goll and Bj¢rklund, 1989, p. 
731, pI. 5, figs. 5-9. 

Description.-Test large, two-segmented 
form with ambiguous external stricture. The 
first segment very small, pierced by small, 
circular to subcircular pores set in thick 
frames from which arise small by-spines. 
The second segment large, campanulate, more 
or less tapering distally, pierced by large, 
subcircular to circular pores surrounded by 
circular to polygonal-shaped thick frames: 
the upper part is spinous; the middle part, 
where the thorax is widest and the ridges of 
the pore frames are sharpest, has the largest 
diameter of the pores; and the lower part is 
rather smooth in outline. The termination 
of the second segment is in line in lateral 
view, often accompanied by a delicate sieve 
plate at the base. Two segments internally 
partitioned by PR which is composed of 
distinct arches but nearly horizontal. MB 
relatively short. A makes a nearly right 

angle from the horizontal, and merges into 
PRo D extends downward with a large angle 
from the horizontal, and may have one, rarely 
a few branches in the distal part. Two L 
extending slightly downward, having distinct 
L-R in the middle part, and may branch off in 
the distal part like D. L' rarely present. V 
connects with PRo Ax thick, long, usually 
bifurcated in the distal part. 

Remarks.-Morphology of this species is 
quite stable except for the development of the 
basal sieve plate. 

Dimensions (in ,um).-Based on I I speci
mens examined by SEM. Height of test; 
120- 150. Maximum width of test; 105-140. 
Maximum diameter of PR; 20-30. 

Occurrence.-OD-17, 18 (very rare in abun
dance) and OD-26,27 and 28 (rare in abun
dance). 

Ceratocyrtis sp. aff. C. histricosa 
(J¢rgensen) 

Figures 20-3a, 3b; 23-1 a, I b 

aff. Helotho/us histricosa J¢rgensen, 1905, p. 137, pI. 
16, figs. 86-88. 

Ceratocyrtis sp. aff. C. histricosus (Jprgensen) 
-Sugiyama, 1991, pI. I, fig. 9. 

Description.-Test large, two-segmented by 
a distinct external stricture which corresponds 
to the place of PRo The first segment hemis
pherical, small, pierced by circular to subcir
cular pores of small size, ornamented by 
numerous, long by-spines arising from the 
pore frames, corresponding to upper part of 
eucephalis. The second segment 
campanulate, large, pierced by circular to 
subcircular pores of large size, having long 
by-spines on the upper half. Skeletal struc
ture as with C. stoermeri. A and V usually 
penetrate the shell wall to form conical to 
rodlike spines which are longer and thicker 
than by-spines. L' is commonly well devel
oped, then L-R may connect the proximal 
part of L' and PR (Fig. 22). 

Remarks.-This species differs from C. 
stoermeri in having distinct stricture between 
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the first and second segments, longer by
spines on the shell surface, external prolonga
tions of A and V, and the lack of prominent 
ridges on the pore frames. It also differs 
from C. histricosa (J¢rgensen) in having a 
more spinous shell wall and longer second 
segment. 

Dimensions (in JLm).-Based on ten speci
mens examined by SEM. Height of test; 
90-160. Maximum width of test; 80-160. 
Maximum diameter of PR; 20-35. 

Occurrence.-TH-l, 2, 3 and 4 (rare in 
abundance). 
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Abstract. Fossil Ginkgo is one of the index genera characterizing the Late Jurassic
Early Cretaceous Tetori-type and Siberian-type floras in Eastern Eurasia. Fossil Ginkgo 
leaves are sometimes crowded in occurrence, thickly massed and appressed on the same 
bedding plane, so representing a fossil population. One of us (Zhao) and his Chinese 
coworkers collected a number of detached fossil Ginkgo leaves from such an occurrence from 
the Xingyuan Formation (=Jiufotang Formation) at the Xilutian Open Coal-Mine, near 
Chifeng area, Zhaowudameng District, Inner Mongolia. These Ginkgo leaves are varied in 
size, form and mode of lamina-division. Nevertheless, they form a single fossil population, 
and thus belong to the same species, because their morphological features are similar and are 
thought to be within the range of variation and their cuticular features except for minor 
points are the same. This paper deals with the description of these leaves, with geographical 
and stratigraphical distributions of fossil Ginkgo leaves in the western part of Northeast 
China, and with generic and specific revision of some previous works and makes a brief 
comparison of the present population with those hitherto known. The present population 
of fossil Ginkgo leaves is at least the same as those of Fuxin, Shahezi, Damoguaihe and 
Dabao Formations in Northeast China. In the case of a small number of fossil Ginkgo 
leaves, it is difficult to identify them down to species so far as they do not show their unique 
morphological or cuticular features. The present study shows that it is difficult to assess any 
distinction between the genera Ginkgo and Baiera. The Ginkgo leaves comprising the 
present population is named by us as Ginkgo manchurica (Yabe et Oishi) Meng et Chen. 

Key words. Fossil Ginkgo leaves, fossil Ginkgo population, younger Mesozoic, 
Northeast China. 

Introduction 

Fossiliferous younger Mesozoic sediments 
of nonmarine origin bearing rich coal-seams 
are developed in the Chifeng area, Zha
owudameng District (roughly 41' 1 T -4Y24'N 
and 116'21'-120'59'£), Inner Mongolia, 

China. As to the geology of this area, no 
formal paper has been published except for a 
brief note by Shang and Zheng (1991). 
According to them, the Mesozoic sediments 
in this area are divided into Xingyuan (ca. 
380 m thick), Yuanbaoshan (ca. 186 m thick) 
and Shuiquan (ca. 245 m thick) Formations 
in upward sequence. The Xingyuan Forma
tion is equivalent to the liufotang Formation 

'Received August 20, 1992; accepted September 27, 
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wihch is extensively distributed in West 
Liaoning Province (Figure 1 and Table 2). 

They listed the following plant taxa from 
the Xilutian Open Coal-Mine of the Pingz
huan Coal-Field (Figure 1) (*; nomen 
nudum) : 

From the Xingyuan Formation (=Jiufo
tang Formation): Acanthopteris alata 
(Fontaine) Zhang, Coniopteris saportana 
Heer, Nilssoniopteris chifengensis sp. nov. *, 
Nilssonia sinensis Yabe et Oishi, Ginkgo 
manchurica (Yabe et Oishi) Meng et Chen, 
G. tapkensis Doludenko et Rasskazova, 
Sphenobaiera longifolia (Pomel) Florin, S. 
nantianmenensis Wang, Czecanowskia dgida 
Heer, Ixostrobus heed Prynada, Pityolepis 
piceaoides sp. nov. *, P. pseudotsugaoides sp. 
nov. *, Tsuga taxoides Tan et Zhu, T. 
zhouiana sp. nov. *, Sphenolepis kurriana 
(Dunker) Schenk, Elatides curvifolia (Dun
ker) Nathorst, E. harrisii Zhou, Cephalotax
opsis asiatica HBDYS**, Sabinites neimon
golica Tan et Zhu, Pagiophyllum cf. trian
gulare Prynada, Elatocladus smittiana (Heer) 
Seward, E. yuanbaoshanensis sp. nov. *, E. 
manchurica Yabe et Oishi, E. sp., Lindley
cladus eichwaldii (Schimper), Scarburgia 
triangularis Meng, Conites sp. (**; not the 
author's or authors' name but the name of the 
institution: HBDYS being after Huabei 
Dizhi Yanjin Sou in Chinese = North China 
Institute of Geosciences) 

From the Yuanbaoshan Formation: 
Acanthopteris onychioides (Vassilevskaja et 
Kara-Mursa) Zhang, Arctopteris kolymensis 
Samylina, Cladophlebis sp., Doratophyllum 
nilssoniopteroides sp. nov. *, Ginkgo concinna 
Heer, G. manchurica (Yabe et Oishi) Meng et 
Chen, G. sibirica Heer, G. tapkensis Doluden
ko et Rasskazova, G. truncata Li, 
Sphenobaiera biloba Prynada, Phoenicopsis 
angustifolia Heer, Pityophyllum sp., Pityolepis 
sp. 

The fossil plant taxa listed above should be 
critically reexamined; for instance, the 
generic name Lindleycladus established by 
Harris (1979) would at present be valid only 

for the former Podozamites lanceolatus (Lin
dley et Hutton) leafy shoots with longitudi
nally oriented stomata from the Yorkshire 
Jurassic. However, at a glance from the 
above list, the fossil plant assemblages of both 
formations look to be of the Tetori type (e.g. 
Kimura, 1987a, b), though the list shows 
many coniferous taxa which are questionable 
in identification. 

Recently, one of us (Zhao) and his Chinese 
coworkers collected a number of fossil plants 
from the Xingyuan Formation at the Xilutian 
Open Coal-Mine (Figure I) for the purpose of 
making detailed palaeobotanical studies on 
the Xingyuan plant assemblage (Xingyuan 
flora). Previous to our studies, Zhao and 
Tao (1991) described a new Ginkgo species 
and illustrated several fossil plants collected 
from the Xingyuan Formation. 

In this paper, we describe Ginkgo leaves 
from the Xingyuan Formation. These leaves 
are crowded in occurrence, sometimes thickly 
massed and appressed on the same bedding 
plane. In addition, we revise and briefly 
review the Ginkgo leaves hitherto described 
or recorded from the younger Mesozoic 
plant sites in the western part of Northeast 
China, and make a brief comparison of the 
present population of Ginkgo leaves with 
those hitherto known. 

As to the geological age of the Xingyuan 
(or Jiufotang) Formation, there are two 
different opinions among Chinese geologists 
and palaeontologists; one regards it as latest 
Jurassic and the other as earliest Cretaceous. 
We are of the opinion that at present it is 
difficult to make a precise age determination 
of the Jiufotang Formation and its equiva
lent, because this formation is wholly of 
non-marine origin and has not yielded any 
fossils indicating its precise age. 
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20km 
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Figure 1. Location of the fossil plant site in the 
present work. A: Xilutian Open Coal-Mine. B: 
Fossil plant site belonging to the Xingyuan Forma
tion (= liufotang Formation), corresponding to 
Locality no. 22 in Figure 7 and Table 2. C: Pingz
huang Station. According to the informal 
communication from K. Zhao, the Xingyuan 
(= liufotang) and Yuanbaoshan (= Shahai + Fuxin) 
Formations are distributed in this area (see Table 2). 
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Material and methods 

Fossil Ginkgo leaves were collected from 
the Xingyuan (Jiufotang) Formation at the 
Xilutian Open Coal-Mine (roughly Lat. 42° 
OO'N; long. 119°12'E) near Pingzhuang, 
Chifeng, Zhaowudameng, Inner Mongolia 
(Figure 1 ; indicated by '22' in Figure 7). 
These leaves for cuticular study were peeled 
off from tuffaceous shale and treated in Schul
ze's solution followed by diluted potassium 
hydroxide (ca. 10%), stained with safranin, 
and then washed in alcohol and xylene before 
mounting in canada balsam. For the SEM 
observations cuticles were sputter coated with 
gold and photographed with a Hitachi S-800, 
20 kv. 

The specimens, cuticular preparations and 
SEM stages examined and described in this 
paper are kept in the Institute of Botany, 
Academia Sinica, Xiangshan, Beijing. 

Description 

Ginkgoales 
Genus Ginkgo Linnaeus 

Ginkgo manchurica (Y a be et Oishi) 
Meng et Chen 

Figures 2-6 

1991. Ginkgoites pingzhuangensis Zhao et Tao: Zhao 
and Tao, p. 965, pI. 2, figs. 14-16. 

Specimens examined: NCP 8259-8273, 
8277-8278,8283,8288-8291,8332,8343,8345, 
8348-8351,8353-8354,8367,8369. 

Locality and horizon: Xilutian Open 
Coal-Mine: Xingyuan (Jiufotang) Forma
tion (possibly uppermost Jurassic or lowest 
Cretaceous). 

Occurrence: Very abundant. 
Description of specimens: Obtained speci-
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mens were all detached leaves; some with 
preserved petiole. Cuticle is well preserved. 

I) External morphology (Figures 2- 3) : 
Laminae are generally fan-shaped or semicir
cular in form, but remarkably varied in size, 
\.5-13 cm in radius (or high). Petioles are 
long and slender, 1- 2 mm thick; the longest 
one is 3.8 cm long, but their abscission part is 
missing in general. The lamina is fundamen-

tally divided into two parts by a deep median 
sinus reaching almost to the tip of the petiole 
to form the most simple lamina. Each part is 
generally further dichotomously divided once 
to three or more times into broader to fairly 
slender segments or lobes by deeper or shall
ower sinuses. The final number of ultimate 
segments or lobes is 24 in each part (Figures 
21,31, 2m, 3m,) . 

Figure 2. Ginkgo manchul'ica (Yabe et Oishi) Meng et Chen. Photographs ; a ll in natural size. 
Detached leaves of vaned sizes, forms and modes of the lamina-division. A-type of leaves' 2a 
(NCP-8350), 2b (NCP-8348). B-type of leaves : 2c (NCP-8345), 2d (NCP-8332) . C-type of leaves: 2e 
(NCP-8347), 2f (NCP-8353), 2g (NCP-8290), 2h (NCP-8277), 2i (NCP-8343). D-type of leaves': 2j 
(NCP-8260), 2k (NCP-8359), 21 (NCP-8266). E-type of leaf: 2m (NCP-8265). 
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We provision ally cl ass ified o ur leaves 
(lamin ae) into the follo wing five types (A-E 
types) : 

(1) A-type of lamin a (Figures 2a, 3a, 2b, 
3b, 3n , 30): smaller in size (typica lly 1.5 cm 
in radius) , divided totally into 4- 6 segments. 

2e(C) 

(2) B-type of lamina (Figures 2c, 3c, 2d, 
3d, 3p) : Rather larger in size (typically 2.5 
cm in radi us), divided tota ll y into 4- 6 seg
ments. 

(3) C-type of lamina (Figures 2e, 3e, 2f, 
3r, 2g, 3g, 2h, 3h , 2i, 3i): Medium-sized (typi-
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cally 3 cm in radius), divided totally into 8-
14 segments or lobes. 

(4) D-type of lamina (Figures 2j, 3j, 2k, 
3k, 21, 31): Rather much larger in size (typi
cally 5 cm in radi us), divided totally into 12-
20 segments including lobes. 

(5) E-type of lamina (Figures 2m, 3m) : 
Extremely large in size (10 cm in radius), 
divided into at least 18 segments in this speci
men. 

The above classification is for the sake of 

3m 

convenience and there are no strict mor
phological boundaries among the present 
laminae; as a matter of fact, morphological 
variation between A- and B-types, B- and 
C-types, C- and D-types and 0- and E-types 
are gradual and continuous. 

So far as our specimens are concerned, the 
frequency of these types breaks down as fol
lows: A-type (6%), B-type (14%), C-type 
(27%), D-type (40%) and E-type (3%). As 
mentioned below, if these specimens belong 

. Figure 3. Ginkgo manchuri~a (Yabe et Oishi) Meng et Chen. Line-drawings; all in natural size. 
Figures 3a-m were drawn from Figures 2a-m respectively. 3n-p, additional drawings' 3n-o A-type of 
leaves (NCP-8350). 3p, B-type of leaf (NCP-8369). ' , 
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to the same species, then the C- and D-types 
of the leaves can be regarded as representative 
of the species. 

Both the right and left halves of a laminia 
are normally almost bilaterally symmetrical 
in size, form and number of segments or 
lobes. The segments of lobes usually bear 
rounded or obtuse apex. In general, the 
more the number of segments or lobes, the 
higher the lamina. 

The vascular bundle appears to be single 
(?) in the petiole. It is then repeatedly 
divided dichotomously into the lamina, end
ing at the distal margins of the ultimate seg-

ment or lobe, not converging at the apex, but 
sometimes coming close together there. No 
thick veins along the margins of lamina are 
present as seen in extant or some fossil 
Ginkgo leaves. The number of veins is 6-8 
(14-24 per cm in density) near the apex of the 
ultimate segment or lobe. 

2) Cuticular features (Figures 4-6): We 
could observe cuticle in all the specimens 
obtained. Cuticle is hypostomatic, but a few 
occasional stomata are recognized on the 
marginal regions of segments or lobes on the 
adaxial side. The upper (adaxial) cuticle is 
mostly 1-1.5/-lm thick and slightly thicker 
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than that of the lower (abaxial) one. The 
upper cuticle consists mainly of vein-course 
cells, 4-8 rows of elongated cells and inter
veinal ordinary cells, isodiametric and 
polygonal in outline and irregularly arranged 
(Figurers 4d-e, Sa-A, 5b-d). Anticlinal and 
end walls of ordinary and vein-course cells 
are mostly slightly sinuous. The sinuousity 
is much clearer in the interveinal ordinary 
cells than the vein-course cells. Each peri
clinal wall is markedly papillate at its centre 
(Figures 4d, Sa-A, 5b-c). 

The lower (Abaxial) cuticle consists of 
ordinary cells and stomatal complexes. On 
the vein course, cells are 5-10 rows of elongat
ed cells. Their anticlinal walls are unevenly 
thickened, but periclinal walls are smooth or 
slightly papillate (Figures 4a-b, 5e, 6b). The 
outline of interveinal ordinary cells is usually 
indistinct under the light microscope but 
much clearer under the phase-contrast and 
SEM microscopes (Figures 6d-e). On some 
ordinary cells, a papilla 6-10 11m in diameter 
is present on each periclinal wall (Figures 
4b-c). 

Stomatal complexes are scattered along the 
interveinal areas, forming 2-3 rows. They 
are irregularly orientated, but often longitudi
nal. Stomatal complex is haplocheilic and 
monocyclic or occasionally amphicyclic. 
Guard cells are sunken (Figures 4b, 4f, 4g, Sf). 
Subsidiary cells are 5-8 in number, markedly 
thickened near the aperture, and each with a 
large-sized papilla overarched above the 
guard cells (Figures 4f, 4g, Sf). Figures 6d-f 

show the inner view of stomata (SEM micro
graphs). Papilla is present on most of the 
ordinary cells (Figure 6a) and Figure 6b 
shows inner view of the papillae on the 
ordinary cells (SEM micrograph). Trichome 
is not seen on both surfaces. Resin body is 
also not observed between veins. Stem, twig 
and reproductive organs are not known. 

Discussion: In extant Ginkgo bi/oba Lin
naeus, it is well known that the leaves are 
quite varied in size, form and mode of lamina 
division, according to those on the long 
shoots, on the occasional off-shoots (out
growths) and on the short shoots (e.g. 
Seward, 1919, fig. 630; Sakisaka, 1958; Har
ris et al., 1974). 

One of us (Kimura) cultivated several seed
lings of Ginkgo bi/oba in the field garden 
belonging to his institute under artificially 
worst conditions with regard to water supply 
and amount of natural light for three years. 
We found that the leaves sprouted every May, 
but did not grow in size. They remained 
miniatures (about 2 cm in radius) until every 
fall season. However, their cuticular features 
did not differ from those of normally growing 
leaves. If the detached leaves of extant 
Ginkgo bi/oba were fossilized as impressions, 
then the above-mentioned miniatures of 
Ginkgo bi/oba leaves or those with 
multi divided laminae on the occasional out
growths would have been separated as 
different species from the normal leaves. 

The diagnostic features of fossil Ginkgo 
and Baiera leaves depended only on their 

~ Figure 4. Ginkgo manchurica (Yabe et Oishi) Meng et Chen. Cuticular features (I). 4a, Lower 
(abaxial) cuticle, showing the vein (v) and interveinal (iv) areas. Surface view prepared from an E-type of 
leaf (Figures 2m, 3m). The dark dots are stomata and small light dots are papillae in the interveinal area 
(slide no. NCP-MI8265a). 4b, Lower (abaxial) cuticle, showing stomata (s) and papillae (p) in the inter
veinal area. Surface view. Enlarged partly from Figure 4a. 4c, Lower (abaxial) cuticle. Phase contrast 
micrograph, showing vein (v) and interveinal areas. Surface view, prepared from one of the D-type leaves 
(NCP-8267) (slide no. NCP-MI8267a). 4d-e, Upper (adaxial) cuticle, showing vein (to the left in Figure 4d 
and to the right in Figure 4e) and interveinal areas. Surface view. Figure 4d; phase contrast micrograph. 
Figure 4e; normal light micrograph. Dark dots show the papillae prepared from a D-type leaf (shown in 
Figures 2k, 3k; NCP-8359) (slide no. NCP-MI8359a). 4f-g, Stomatal complexes on the lower (abaxial) 
cuticle, showing thickly cutinized and papillate subsidiary cells, seven (1-7) in Figure 4f and six (1-6) in 
Figure 4g. Inner view prepared from a B-type leaf (shown in Figures 2c, 3c; NCP-8345) (slide no. NCP
MI8345a). 
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mode of lamina division and number of veins 
in the ultimate segment or lobe. We feel that 
this much used distinction between the two 
genera Ginkgo and Baiera is negligible. 

The present Ginkgo leaves are all detached 
and thickly massed and appressed on the 
same bedding plane of the tuffaceous shale 
bed. The leaves themselves can be peeled off 
easily and their cuticle is seen to be well 
preserved. They differ from each other in 
size, form and mode of lamina division. 
However, these features vary gradually and 
continuously and no morphological bound
aries can be drawn amongst them. Also 
their cuticular features are almost the same, 
except for such minor points as sinuosity of 
anticlinal walls of ordinary cells and develop
mental degree of papillae on the epidermal 
cells. However, these features can vary from 
lamina to lamina according to position. 
Under the circumstances, we regard our fossil 
Ginkgo leaves as belonging to the same fossil 
population and showing only the variation in 
a single Ginkgo species. 

About 70 Ginkgo (including Ginkgoites 
and Baiera) 'species' or 'forms' (except 
Sphenobaiera and Pseudotorellia) were repor
ted from various localities and stratigraphical 
horizons of younger Mesozoic age in North 
and Northeast China under the generic names 
of Baiera, Ginkgo and Ginkgoites (Figure 7 ; 
Tables 1-2). It is very doubtful whether 
such a large number of 'species' (or 'forms' 
really existed. 

Since the early 1900's pioneer studies of the 
fossil plants were made in western and north
ern Liaoning and southeast Songliao regions 
mainly by Yokoyama (1906), Yabe (1908, 
1922), Yabe and Oishi (1933) and Oishi 

(1933). Table 2 shows the Jurassic-Lower 
Cretaceous stratigraphical units bearing fossil 
Ginkgo (including Baiera and Ginkgoites) 
leaves (with asterisk) and Figure 7 shows the 
localities of fossil Ginkgo (including Baiera 
and Ginkgoites) leaves in Northeast China, 
compiled by us. 

1) In western Liaoning, fossil Ginkgo 
(including Baiera and Ginkgoites) leaves are 
abundant in the Beipiao, Haifanggou, Shahai 
and Fuxin Formations. The fossil popula
tion of these leaves from the Fuxin Forma
tion is similar to ours. 

2) In north Lianing and southeast Song
liao, fossil Ginkgo (including Baiera and 
Ginkgoites) leaves are abundant in the Shah
ezi Formation. This fossil population is 
also similar to ours. 

3) In Daxinganling region (Inner Mon
golia), fossil Ginkgo (including Baiera and 
Ginkgoites) leaves are abundant in the Xin
gyuan Formation (=Jiufotang Formation; 
the present one) and are rather abundant in 
the Hongqi, Damoguaihe, Yuanbaoshan and 
Yimin Formations. Of these, the fossil pop
ulation of leaves from the Damoguaihe, 
Yuanbaoshan and Yimin Formations is simi
lar to ours. 

4) The fossil population of Ginkgo (in
cluding Baiera and Ginkgoites) leaves in the 
Dabao Formation (eastern Liaoning) is quite 
similar to ours. 

5) In eastern Jilin and eastern Heilong
jiang, there are Jurassic and Lower 
Cretaceous sediments mostly of non-marine 
onglll. But the occurrence of fossil Ginkgo 
(including Baiera and Ginkgoites) leaves is so 
sporadic that we are still ignorant about their 
specific identification and the range of varia-

~ Figure 5. Ginkgo manchurica (Yabe et Oishi) Meng et Chen. Cuticular features (II). 5a, Well
preserved upper (adaxial; A) and lower (abaxial; B) cuticles. Surface view. SEM-micrograph prepared 
from a lobe of the D-type leaf (shown in Figures 2k, 3k; NCP-8359) (stage no. NCP-8359SEM-2). 5b, 
Upper (adaxial) cuticle, showing the vein (left side) and interveinal (right side) areas. Inner view. 
SEM-micrograph prepared from the same lobe as Figure 5a-A (stage no. NCP-8359SEM-2). 5c, Vein area 
(vein course) of the upper (adaxial) cuticle, enlarged partly from the same lobe as Figure 5a-A. 5d, 
Interveinal area of the upper (adaxial) cuticle, enlarged from the same lobe as Figure 5a-A. 5e, Lower 
(abaxial) cuticle, enlarged from Figure 5a-B. 5f, A stomatal complex, enlarged partly from Figure 5a-B. 
Surface view, showing an aperture (ap) and papillate subsidiary cells (1-5). 
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tion. 

Under the circumstances, it is highly prob
able that the same population of Ginkgo 
leaves was distributed at least in eastern Inner 
Mongolia and eastern, western and northern 
Liaoning in Jurassic and Early Cretaceous 
time. The details are shown below. 

Yabe and Oishi (l933) described 13 
'species' or 'forms' of Ginkgo (including 
Baiera and Ginkgoites) from the following 
localities (their current spellings are shown in 
parentheses) : 

Southwestern Jilin: Tao-chia-tun (Tao
jiatun) and Huo-shih-ling (Huoshiling). 

Northeastern Liaoning: Pa-tao-ho (Badao
hao; near Fuxin), Ta-tai-shan (Dataishan = 
Changtu; near Siping) and Sha-ho-tze (Sha
hezi = Changtu). 

The above-mentioned localities belong to 
the Shahai and Shahezi Formations (Table 
2). 

Central Liaoning: Wei-chia-pu-tzu (Wei
jiapuzi=Tianshifu; near Benxi), Nien-tzu
kou (Nianzigou) and Eru-tao-kou (Er
daogou). 

The former two localities belong to the 
Dabao Formation and the latter to the Sange
ling Formation (Table 2). 

The taxa described by Yabe and Oishi 
(1933) are: Ginkgoites ? crassinervis Yabe 
(Taojiatun), G. digitata (Brongniart) var. 
huttoni Seward (after Kryshtofovich, 1924; 
without illustration) (Badaohao), G. cf. sibir
ica (Heer) [Shahezi, Taojiatun, Huoshiling, 
Weijiapuzi, Nianzikou and Dataishan (after 
Yokoyama, 1906)], Baiera cf. asadai Yabe et 
Oishi (Erdaogou), Cf. B. concinna (Heer) 
(Shahezi), B. cf. gracilis Bunbury [Huoshi
ling, Nianzigou (after Yokoyama, 1906), 
Taojiatun (after Yabe, 1908), Shahezi], B. 

kidoi Yabe et Oishi, 1933 (= B. cf. angus
tiloba Yabe, 1908) (Taojiatun; after Yabe, 
1908 H uoshiling), B. manchurica Yabe et 
Oishi, 1933 [Shahezi, Dataishan (after Yo
koyama, 1906), Taojiatun (after Yabe, 1908) 
and H uoshilingJ, B. minima Yabe et Oishi, 
1933 (Shahezi), B. orientalis Yabe et Oishi, 
1933 (H uoshiling), B. cf. phillipsi N athorst 
(Huoshiling), B. sp. a (Huoshiling) and B. 
sp. b (Shahezi). 

We are of the opinion that so far as the 
external morphology of these Ginkgo (includ
ing Baiera and Ginkgoites) leaves illustrated 
by Yabe and Oishi (l933) is concerned, most 
of them are indistinguishable specifically 
from the present Ginkgo leaves as shown 
below: 

(I) Ginkgoites cf. sibirica (Heer); pI. 31, 
fig. 8 (Shahezi)=our A-type, pI. 32, figs. 4-5, 
8B (Taojiatun), fig. 6 (Huoshiling) and fig. 7 
(Weijiapuzi)=our B- and C-types. 

(2) Cf. Baiera concinna (Heer); pI. 32, 
fig. 6 (Shahezi) = our B-type. 

(3) B. cf. gracilis Bunbury; pI. 32, fig. 
13B (Shahezi; indeterminable), fig. 14 (Shah
ezi), fig. 15 (Huoshiling) and pI. 33, fig. 5 
(Shahezi) = our C-type. 

(4) B. kidoi Yabe et Oishi, 1933; pI. 33, 
fig. 3 (H uoshiling) = our D-type. 

(5) B. manchurica Yabe et Oishi, 1933; 
pI. 32, figs. 12, 13A and pI. 33, fig. 1 (Shah
ezi)=our C-type. 

(6) B. minima Yabe et Oishi, 1933; pI. 
32, fig. 11 (Shahezi) = our C-type. 

(7) B. orientalis Yabe et Oishi, 1933; pI. 
33, fig. 4 (H uoshiling) = our C-type. 

(8) B. cf. phillipsi Nathorst; pI. 33, fig. 2 
(Huoshiling) = our C-type. 

(9) B. sp. a (Yabe and Oishi, 1933); pI. 
32, fig. 17 (Huoshiling) = our A-type, pI. 33, 

~ Figure 6. Ginkgo manchurica (Yabe et Oishi) Meng et Chen. Cuticular features (III). 6a, Lo.weT 
(abaxial) cuticle treated by KOH with much more time, showing the vein and interveinal areas. Inner view. 
In the interveinal areas, many stomata (light ones) and papillae (small oval) are scattered. But it is difficult 
to distinguish the stomatal complexes in such a low magnification. SEM-micrograph prepared from a 
D-type leaf (shown in Figures 21, 31; NCP-8266) (stage no. NCP-8266SEM-4). 6b, Papillae, enlarged from 
Figure 6a. Inner view. 6c-f, Stomatal complexes, prepared from an E-type leaf (shown in Figures 2m, 3m; 
NCP-8265). Inner view. SEM-micrographs (stage no. NCP-8265SEM-l). 
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Baiera, Ginkgo and. Ginkgoites 'species' or 'forms' hitherto described or recorded by previous 
authors from Jurassic-Early Cretaceous plant sites in Northeast China. 
'; with description of external feature. 

"; with description of external and cuticular features. 
"'; without description and illustration (list only). 
F.; formation, G.; group. 

Baiera cf. angustiloba Heer : Yabe, 1908, Shahezi F.* 

~ asadai Yabe et Oishi, 1928 : Zhang et al., 1980, Guojiadian (Haifanggou) F.* 
and Dabao F.*** : Zhang and Zheng, 1987, Haifanggou F.*** : Wang et al., 1989, 
Haifanggou F_*** 

Baiera cf. asadai Yabe et Oishi, 1928 : Yabe and Oishi, 1933, Sangeling F.* and 
-----D-abao F.*** 

Baiera balejensis (Prynada) Zheng, 1980 : Zhang et al., 1980, Zhuanshanzi F.* 

Baiera concinna (Heer) Kawasaki, 1925, Zhang et al., 1980, Guojiadian (Haifanggou) 
F.* : Zhang and Zheng, 1987, Haifanggou ~*** : Wang et al., 1989, Haifanggou 
F.*** 
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Cf. Baiera concinna (Heer) Kawasaki, 1925 : Yabe and Oishi, 1933, Shahezi F.* : Oishi, 
1933, Shahezi F.** : Sze ~ al., 1963, Shahezi F.** (Yabe and Oishi's and Oishi's 
specimens, 1933) : Zhang and Zheng, 1987, Haifanggou F.*** 

Baiera czekanowskiana Heer, 1976 : Zhang and Zheng, 1987, Haifanggou.F.** : Wang 
et al., 1989, Haifanggou F.*** 

Baiera furcata (Lindley et Hutton) Braun, 1843 : Zhang et al., 1980, Damoguaihe F.* 
and Beipiao F.* : Wang et al., 1985, Jubao F.*** and Jiufengshan F.*** : Zhang 
and Zheng, 1987, Beipiao F.*** and Haifanggou F.*** : Wang et al., 1989, Beipiao 
F.*** 

Baiera cf. furcata (Lindley et Hutton) Braun, 1843 : Wang et al., 1985, Jubao F.*** 
Baiera graciliS (Bean MS) Bunbury, 1851 : Yokoyama, 1906, Dabao F.* : Yabe, 1922, 

Shahezi F.* : Sze et al., 1963, Fuxin F.***, Shahezi F.*** and Sangeling F.* 
(Yabe and Oishi's specimen, 1933) : Zhang et al., 1980, Guojiadian (Haifanggou) 
F.* and Dabao F.*** : Wang et al., 1985, Dabao F.***, Beipiao F.***, Haifanggou 
F.***, Wanbao F.*** and Manketouebo F.*** : Zhang and Zheng, 1987, Beipiao F.*** 
and Haifanggou F.*** : Wang et al., 1989, Haifanggou F.*** 

Baiera cf. gracilis (Bean MS) Bunbury, 1851 : Yabe, 1908, Shahezi F.* : Yabe and Oishi, 
1933, Shahezi F.* and Dabao F.*** : Oishi, 1933, Shahezi F.** : Sze et al., 1963, 
Shahezi F.** (Yabe and Oishi's and Oishi's specimens, 1933) and Dabao F.* 
(Yokoyama's specimen, 1906) : Yang and Sun, 1982, Shahezi F.* and Yingcheng F.*** 
: Wang et al., 1985, Hongqi F.*** and Beipiao F.*** : Zhang, 1987, Fuxin F.*** : 
Wang et al., 1989, Fuxin F.*** and Beipiao F.*** 
~ cf. guilhaumati Zeil1er, 1903 : Sze, 1931, Fuxin F.*** 

Baiera kidoi Yabe et Oishi, 1933 : Yabe and Oishi, 1933, Shahezi F.* : Oishi, 1933, 
------Shahezi F.** : Sze et al., 1963, Shahezi F.** (Yabe and Oishi's and Oishi's 

specimens, 1933) : Zhang et al., 1980, Shahezi F.* 

Baiera manchurica Yabe et Oishi, 1933 : Yabe and Oishi, 1933, Shahezi F.* : Oishi, 
------1933 Shahezi F.** : Sze et al., 1963, Shahezi F.** (Yabe and Oishi's and Oishi's 

specimens, 1933) : Zhang et al., 1980, Shahezi F.* (Yabe and Oishi's specimen, 
1933) : Wang et al., 1985, Shahezi F.*** : Hao et al., 1986, Shahezi F.*** 

Baiera minima Yabe et Oishi, 1933 : Yabe and Oishi, 1933, Shahezi F.* : Oishi, 1933, 
------Shahezi P.** : Sze et al., 1963, Shahezi F.** (Yabe and Oishi's and Oishi's 

specimen, 1933) : Zhang-et al., 1980, Shahezi F.* (Yabe and Oishi's specimen, 
1933) and Anmin F.* : Hao et al., 1986, Fuxin F.*** 

Baiera orientalis Yabe et Oishi, 1933 : Yabe and Oishi, 1933, Shahezi F.* 
~ cf. phillipsi Nathorst, 1880 : Yabe and Oishi, 1933, Shahezi F.* : Oishi, 1933, 

Shahezi F.** 
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Baiera pulchella Heer, 1876 : Toyoma and Oishi, 1935, Damoguaihe F.* 
Baiera sp. a (Yabe et Oishi, 1933) Yabe and Oishi, 1933, Shahezi F.* 

Shahezi F.** 
Baiera sp. b (Yabe et Oishi, 1933) 

Shahezi F.** 
Yabe and Oishi, 1933, Shahezi F.* 

Baiera? sp. 3 (Sze et al., 1963) : Sze et al., 1963, Fuxin F.* 

Oishi, 1933, 

Oishi, 1933, 

~ sp. (Wang et al., 1985) : Wang et al., 1985, Wanbao F. *** and Changliangzi 
F. *** 

Ginkgo adiantoides (Unger) Heer, 1878 : Zhang et al., 1980, Yimin F.* 
Ginkgo chilinensis (Lee) Zhang et al., 1980 Zhang et al., 1980, Shahezi F. * and 

Damoguaihe F.*** 
Ginkgo? crassinervis (Yabe et Oishi) Zhang et al., 1980 : Zhang et al., 1980, Shahezi 

F.* (Yabe and Oishi's specimen, 1933) 
Ginkgo curvata Chen et Meng, 1988 : Chen et al., 1988, Fuxin F.* 
Ginkgo dayanensis Chang, 1980 : Zhang et al., 1980, Damoguaihe F.* 
Ginkgo digitata (Brongniart) Heer, 1876 : Kryshtofovich, 1924, ? Fuxin F.*** : Sze 

et al., 1963, Damoguaihe F.* (Toyama and Oishi's specimens, 1935) and Fuxin 
F:*** : Zhang et al., 1980, Damoguaihe F.*, Yimin F.*, Anmin F.***, Huolinhe 
F.***, Dabao F.***, Beipiao F.*** and Shahezi F.*** : Wang et al., 1985, Didao 
F.***, Anmin F.***, Jiufotang F.*** and Jiufengshan F.*** : Hao et al., 1986, 
Changcai F.*** : Zhang and Zheng, 1987, Beipiao F.*** : Wang et al., 1989, 
Beipiao F.*** 

Ginkgo cf. digitata (Brongniart) Heer, 1876 : Wang et al., 1989, Sunjiawan F.*** 

Ginkgo cf. hermelini (Nathorst) Hartz, 1896 : Sze, 1931, Beipiao F.* 
Ginkgo huttoni (Sternberg) Heer, 1876 : Sze et al., 1963, Beipiao F.*** and Fuxin 

F.*** : Zhang et al., 1980, Beipiao F.* and Shahezi F.* : Wang et al., 1985, 
Xiaodonggou F.***, Anmin F.*** and Zhushan (Muling) F.*** : Hao et al., 1986, 
Fuxin F.*** : Zhang and Zheng, 1987, Lanqi F.*** and Beipiao F.*** : Wang et al., 
1989, Fuxin F.***, Lanqi F.*** and Beipiao F.*** 

Ginkgo cf. huttoni (Sternberg) Heer, 1876 : Zhang, 1987, Fuxin F.*** and Shahai F.*** 
Ginkgo ingentiphylla Meng et Chen, 1988 : Chen et al., 1988, Fuxin F.** 
Ginkgo lepida Heer, 1876 : Krasser, 1905, Shahezi F.* : Yokoyama, 1906, Dabao F.* : 

Yabe, 1908, Shahezi F.* : Zhang et al., 1980, Jiufotang F.* and Naizishan F.* : 
Wang et al., 1985, Dongshencun F.*** and Hongqi F.*** : Zhang and Zheng, 1987, 
Haifanggou F.*** and Lanqi F.*** : Wang et al., 1989, Haifanggou F.*** and 
Lanqi F.*** 

Ginkgo cf. lepida Heer, 1876 : Wang et al., 1989, Haifanggou F.*** 
Ginkgo manchurica (Yabe et Oishi) Meng et Chen, 1988 : Chen et al., 1988, Fuxin F.** 

and Xiaominganbei (Fuxin and Shahai)F. * - -

Ginkgo obrutschewi Seward, 1911 : Zhang and Zheng, 1987, Haifanggou F.*** : Wang 
et al., 1989, Haifanggou F.*** 

Ginkgo cf. obrutschewi Seward, 1911 : Zhang et al., 1980, Beipiao F.***, Haifanggou 
F.*, Xiaoyingzi F.* and Houjiatun F.* : Zhang and Zheng, 1987, Haifanggou F.*** 
Wang et al., 1989, Haifanggou F.*** 

Ginkgo orientalis (Yabe et Oishi) Florin, 1936 : Zhang et al., Shahezi F.* (Yabe and 
Oishi's specimen, 1933) 

Ginkgo paradiantoides Samylina, 1967 : Chen et al., 1988, Shahai F.* 

Ginkgo pluripartita (Schimper) Heer, 1881 : Chen et al., 1988, Xiaominganbei (Fuxin 
and Shahai) F.* 

? Ginkgo pusilla Heer, 1876 : 'lIang et al., 1985, Peide F.*** 
Ginkgo schmidtiana Heer, 1876 : Krasser, 1905, Shahezi F.* 
Ginkgo sibirica Heer, 1876 : Zhang et al., 1980, Damoguaihe F.*, Yimin F.*, Shahezi 
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F.*, Yingcheng F.*** and Fuxin F.*** : Wang et al., 1985, Longzhaogou G.***, 
Jubao F.*** and Anmin F.*** : Zhang and Zheng, 1987, Lanqi F.***, Haifanggou 
F.*** and Beipiao F.*** : Chen et al., 1988, Fuxin F.* : Wang et al., 1989 
Fuxin F.***, Shahai F.***, Haifanggou F.*** and Lanqi F.*** -- -- , 

Ginkgo truncata (Li) Chen et Meng, 1988 : Chen et al., 1988, Fuxin F.** and 
Xiaominganbei (Fuxin) F.* -- --

Ginkgo sp. (Yokoyama, 1906) : Yokoyama, 1906, Shahezi F.* 

Ginkgo sp. (Wang et al., 1985) : Wang ~1 al., 1985, Ganhe F.***, Jiufengshan F.*"", 
Hongqi F.*** and Manketouebo F.*** 

Ginkgo sp. 1 (Chen et al., 1988) Chen et al., 1988, Fuxin F.* 

Ginkgo sp. 2 (Chen et al., 1988) Chen et al., 1988, Fuxin F.** 

Ginkgoites chilinensis Lee, 1963 
specimen, 1933) 

Sze et al., 1963, Shahezi F.** (Yabe and Oishi's 

Ginkgoites ? crassinervis Yabe et Oishi, 1933 : Yabe and Oishi, 1933, Shahezi F.* : 
Sze et al., 1963, Shahezi F.* (Yabe and Oishi's specimen, 1933) : Yang and Sun, 
1982, Shahezi F.* 

Ginkgoites digitata (Brongniart) Seward, 1919 : Toyama and Oishi, 1935, Damoguaihe 
F.* 

Ginkgoites digitata (Brongniart) var. huttoni Seward: Yabe and Oishi, 1933, 
? Fuxin F.*** 

Ginkgoites ferganensis (Brick in Sixtel) Wang et al., 1985 : Wang et al., 1985, 
Hongqi F.*** 

Ginkgoites fuxinensis Li, 1981 : Li, 1981, Haizhou (Fuxin) F.** 

Ginkgoites cf. lepidus (Heer) Florin, 1936 : Sze et al., 1963, Beipiao F."** and 
Dabao F.* (Yokoyama's specimen, 1906) : Wang et al., 1985, Beipiao F.*** 

Ginkgoites marginatus (Nathorst) Florin, 1936 : Wang et al., 1985, Hongqi F.*** 
Wang et al., 1989, Beipiao F.*** 

Ginkgoites obrutschewi Seward, 1919 : Wang et al., 1985, Xiaodonggou F.*"* : 
Hao et al., 1986, Huolinhe F.*** 
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Ginkgoites orientalis (Yabe et Oishi) Florin, 1936 : Sze et al., 1963, Shahezi F.* 
(Yabe and Oishi's specimen, 1933) : Wang et al., 1985, Shahezi F.*** : Hao et al., 
1986, Shahezi F.*** and Fuxin F.*** : Wang et al., 1989, Shahai F.*** 

Ginkgoites sibirica (Heer) Seward, 1919 or Ginkgoites sibiricus (Heer) Seward, 1919 : 
Toyama and Oishi, 1935, Damoguaihe F.* : Sze et al., 1963, Damoguaihe F.* (Toyama 
and Oishi's specimens, 1935), Shahezi F.*** and Dabao F."** : Wang et al., 1985, 
Hongqi F.***, Beipiao F.***, Anmin F.***, Jiufotang F.*** and Kuntouboluo 
F.*** : Hao et al., 1986, Fuxin F.*** : Zhang, 1987, Shahai F.*** and Fuxin F.*"* 

Ginkgoites cf. sibirica (Heer) Seward, 1919 or Ginkgoites cf. sibiricus (Heer) Seward 
Yabe and Oishi, 1933, Shahezi F.* and Dabao F.* : Oishi, 1933, Shahezi F.** : 
Sze et al., 1963, Shahezi F.** (Yabe and Oishi's and Oishi's specimens, 1933) 
and Dabao F.*** : Wang et al., 1985, Jiufotang F.***, Beipiao F.*** and 
and Taiyangling F.*** 

Ginkgoites cf. taeniatus (Braun) Harris, 1935 : Wang et al., 1985, Hongqi F.*** 
Ginkgoites truncatus Li, 1981 : Li, 1981, Haizhou (Fuxin) F.** 

Ginkgoites wulungensis Li, 1981 : Li, 

Ginkgoites sp. 1 (Sze et al., 1963) 
and Oishi's specimens, 1933) 

Ginkgoites sp. 4 (Sze et al., 1963) 
and Oishi's specimens,- 1933) 

Ginkgoites sp. (Li, 1981) : Li, 1981, 

1981, Haizhou (Fuxin) F.** 
Sze et al., 1963, Shahezi F.** (Yabe and Oishi's 

Sze et al., 1963, Shahezi F.** (Yabe and Oishi's 

Haizhou (Fuxin) F.** 

Ginkgoites spp. : Wang et al., 1985, Huoshiling F.***, Taiyangling F.***, Changliangzi 
F.***, Xiaoling F.***, Houjiatun F.*"*, Jiuda F.*** and Changantun (Taiyangling) 
F.*** : Hao et al., 1986, Sunjiawan F.*** 
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Table 2. Main Jurassic-Lower Cretaceous stratigraphical units in Northeast China (compiled by us) . 
• : Occurrence of Ginkgo (including Baiera and Ginkgoites) leaves is known. F.; formation, 

Gr.; gr.oup. 
(I) The numbers correspond to those in Figure 7. 
(2) The boundary between Upper Jurassic and Lower Cretaceous strata in this figure is still 
controversial. 

~ 
North 

Daxinganling 

West Liaoning & East 
Strati- Liaoning SE- Xipo (W) Dongpo Zhelimu- Zhaowu- Liaoning 
graphic Songliao (E) meng dameng 
Units 

Sunjiawan F. Quantou F. 
10·27 * 

I/) Banlashan F. Oenglouku F. Oayu F. 
::J 

~ 10·27 * 21·24·34? * 
0 
41 41 
u ~ 
ttl 0 Vingcheng F. .... ...J 41 Fuxin F. * 21·23·24·25·26 Vimin F.* Vimin F.* Nieerku F. 
~ 

* 
Vuanbao-

U 4·5·6·10·28 Huolinhe F. shan F. * 

Shahai F. * Shahezi F.* 
Oamoguai- Oamoguai- 7·8·9·28 * 13·22 Lishugou F. 

4·5·6·10·27 21·23·24·25·26 he F. * he F. * 29·30·31 14·15·16 

Jiufotang F. ? Xingyuan F. ? 
4·5·6·10 * 13·22 * 

2nd Viliekede F. Ganhe F. Baiyingaolao 
~ Vixian Huoshiling F. 14·15 * 
41 F. 
Q. F. * 21 * 
Q. 5·6·10 Jiufeng- Baoshi F. Xiaoling F.* 

:J 1st ------ Shangkuli F. shan F.* 2·3 
? 14·15·16 

Manitu F. 
13 * 

Murui F. Longjiang 
Fujiawazi F. Manketoue- Xiaodonggou 

F. 
~c:.~. J3_ ! F. * 

- - - - - - - - - - - - - - - 2·3 

Tuchengzi F. Sangeling F. 

U 41 
Baicheng F. Jubao F. * * 0u; 

=0 I/) 
Lanqi F. * 

7·8·9 

~ 1J Oabao F. * 

::J ~ 4·5·6 2·3 ...., 
Haifanggou F. Wanbao F. * Zhuanshanzi 

4·5·6·10 * 7·8·9 F. * 2·3 

Beipiao F.* 

4·5·6 
~ Hongqi F. * Changliangzi 
41 F. 

~ Xinglonggou F. * 
7·8·9 2·3 

...J 

Kuntouboluo F. 

* 
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Table 2. (continued) 

East Jilin E -Heilongjian, 

Jilin region Hunjiang region Jixi, BOIi, 
Shuanyashan & 

Shiren Helong- Yanji Wandashan Jilin Jiaohe Sanyuan Liuhe xishan 
region pu 

Ouantou F. Liyan F. Heiweizi F. Longjing F. Houshigou F. 

Denglouku 
Baojiatun F. Dalazi F. 

F. 11 * Sankeyushu F. Dongshan F. 
Jinjiatun F. Moshilazi F. Ouanshui- Ouanshui-

cun F. cun F. 

Naizi Naizi- Wulin Changcai F. Changcai F. MUting F. * Cha- F. 33 * 12·17·18·20 shan ng- shan Hengtongshan F. Shiren F. 
F. * an F. F. * I--- Xishanping Chengzihe F. * 11 32 

F. 12·17·18·20 

Xiahuapidianzi F. ? ? Shihebei F. 

Anmin F. Linzitou F. Baodaqiao 

~ 11·23 * F. 
.Sidaogou F. 12·17·18·19·20 

Jiuda F. 
Yingzuilazi Dashatan 
F. F. 11 * 

Deren F. 
Chaoyan-11 * Guosong F. Lamenzi F. ChangbaiF. 
tun F. I ? I 

~ 

Q; 
~ Peide F. 0 

do Taiyangling Houjiatun ..: 
C) F. * F. * ~ 
0 11 1 01 
0 Dongshengcun III .c F . * N 
01 12 c 
0 

...J 

Banshiding Xiaoyingzi 
zi F. F. * 

1 
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fig. 6 (H uoshiling) = our C-type, pI. 33, fig. 10 
(Huoshiling) = indeterminable. 

(10) B. sp. b (Yabe and Oishi, 1933); pI. 
35, fig. 3A (Shahezi) = our C-type. 

In addition to the above, identification of 
the following forms seem to be doubtful. 

(II) Ginkgoites ? crassinervis Yabe et 
Oishi, 1933; pI. 32, fig. 8A (Taojiatun). 

(12) G. digitata (Brongniart) var. huttoni 
Seward; Kryshtofovich, 1924 (Badaohao; 
without illustration). 

(13) Baiera cf. asadai Yabe et Oishi, 
1928; pI. 32, figs. 9-10 (Erdaogou). 

In the same year, Oishi (1933) described the 
cuticles of the following Ginkgoites and 
Baiera 'species' from Northeast China, of 
which the external forms of laminae were 
described by Yabe and Oishi (1933): Gink
goites cf. sibirica (Heer), Cf. Baiera concinna 
(Heer), B. cf. gracilis Bunbury, B. kidoi Yabe 
et Oishi, B. manchurica (Heer), B. cf. gracilis 
Bunbury, B. kidoi Yabe et Oishi, B. man
churica Yabe et Oishi, B. minima Yabe et 
Oishi, B. cf. phillipsi N athorst, B. sp. a and B. 
sp. b. So far our careful reexamination of 
Oishi's published work does not reveal any 
specifically diagnostic features amongst the 
preceding. Their cuticles are quite similar to 
ours. 

Subsequently, many studies were made by 
Chinese workers on the fossil Ginkgo (includ
ing Baiera and Ginkgoites) leaves from 
Northeast China. 

In the monograph made by Sze et al. 
(1963), they established Ginkgoites chilinensis 
Lee (from Huoshiling) as a new species and 
included Baiera cf. phillipsi Nathorst (de
scribed by Yabe and Oishi, 1933 and Oishi, 
1933) in their G. chilinensis. As mentioned 
above, Baiera cf. phil/ipsi corresponds to our 
C-type of leaf. The works of Yabe and Oishi 
(1933) and Oishi (1933) were followed by 
other workers without any critical reexamina
tion. 

Zhang et al. (1980) listed 21 Ginkgo (in
cluding Baiera and Ginkgoites) 'species' with 
brief descriptions and illustrations known 

from the Mesozoic plant sites in Northeast 
China. They were collected from different 
localities and horizons, but all of them were 
illustrated only for their external forms. In 
their monograph, they established Ginkgo 
dayanensis Chang from the Damoguaihe 
Formation (Table 2) together with G. sibirica 
Heer and G. digitata (Brongniart) Heer. We 
are of the opinion that the former two are 
similar to our C-type and the latter to our 
A-type leaves. 

Li (1981) originally described Ginkgoites 
truncatus, G. wulungensis, G. fuxinensis and 
G. sp. on the basis of Ginkgo leaves with 
preserved cuticles from the Haizhou Forma
tion (= Fuxin Formation; Table 2), western 
Liaoning. His Ginkgoites truncatus and G. 
fuxinensis are like our B-type and C-type, 
respectively. It is easy to find out that there 
is no difference in the cuticular features 
between Ginkgoites fuxinensis and the pres
ent leaves. We feel that Li's Ginkgoites 
species might be included in the same fossil 
population as ours. 

From the Fuxin and Tiefa Sedimentary 
Basins (Figure 7), western Liaoning, Chen et 
al. (1988) described 9 Ginkgo species includ
ing their two new species, G. curvata and G. 
ingentiphylla, and such species as G. para
diantoides Samylina, G. pluripartita 
(Schimper) Heer, G. sibirica Heer, G. trun
cata Li, G. sp. I and G. sp. 2. We observe 
that the leaves regarded by them as Ginkgo 
curvata appear to be deformed in preserva
tion and correspond to our B- and C- types. 
The leaves regarded by them as Ginkgo in
gentiphylla are much bigger than the others 
and are just like our E-type. Their Ginkgo 
pluripartita is very close in form to our B-type 
and their G. truncata and G. paradiantoides 
are our A-type. So far as the published 
features of their leaves (including their 
Ginkgo manchurica) are concerned, we are 
inclined to regard all their leaves as belonging 
to the same population as ours. 

If the above observations are correct, then 
there would be far fewer Ginkgo 'species' than 
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hitherto presumed during Jurassic and Early 
Cretaceous time in Northeast China and 
adjacent regions. In addition, the generic 
difference between Ginkgo (or Ginkgoites) 
and Baiera becomes obscure. 

Other Ginkgo populations: Heer (1876) 
originally described Ginkgo sibirica, G. le
pida, G. schmidtiana, G. jiabellata and G. 
pusilla from the Jurassic of Ust Balej, Irkutsk 
Basin. Doludenko and Rasskazova (l972) 
used the generic name Ginkgoites after 
Seward (1919) and regarded the species of 
Heer mentioned above as conspecific and 
included them in Ginkgoites sibirica. Heer 
(l876) also established Ginkgo concinna from 
the Jurassic of Ust Balej. According to 
Doludenko and Rasskazova (1972), Beer's 
Ginkgo concinna is distinct together with 
their Ginkgoites tapkensis and G. heeri 
known from the Irkutsk Basin. 

On the other hand, Doludenko and 
Lebedev (1972) also regarded Heer's Ginkgo 
lepida, G. schmidtiana, G. jiabellata and G. 
pusilla as synonyms of Heer's G. sibirica and 
regarded Heer's Ginkgo concinna and their 
Ginkgoites tylensis Lebedev from southern 
Priokhotie, and Ginkgoites vachrameevi 
Doludenko et Lebedev and Ginkgoites sp. 
known from the Bureja Basin as distinct. 

It is highly probable that there is another 
population of Ginkgo leaves (Ginkgo sibirica 
population) in the Irkutsk Basin, although as 
far as we know, the detailed limit of mor
phological and cuticular variations for Beer's 
species has not been shown beyond the works 
of Doludenko and Rasskazova (1972) and 
Doludenko and Lebedev (1972). 

In fact, Ginkgo leaves corresponding to our 
A-type and E-type have not been found from 
the Irkutsk Basin. In addition, we are igno
rant as to the occurrence of Ginkgo leaves in 
the Irkutsk Basin. 

We suggest that the identification of fossil 
Ginkgo (including Baiera and Ginkgoites) 
leaves should be made not only from their 
external morphology and cuticular features, 
but also from their occurrence. It is quite 

difficult to make a precise identification in the 
cases of sparse occurrence or when preserved 
cuticles are lacking, though cuticular features 
of Ginkgo (or Baiera) leaves, if present, are 
not so effective and in some cases cannot help 
in specific or even generic identification. 

In the case of crowded occurrences of fossil 
Ginkgo (or Baiera) leaves, we can treat them 
as a single population as in the present study. 
The same results were arrived at as follows: 
(1) Kimura et al. (1983) on the basis of 
impressions of various types of Ginkgo (or 
Baiera) leaves from the Carnian Momonoki 
Formation, Southwest Japan; they were 
thickly massed and appressed in occurrence. 
The Ginkgo (or Baiera) populations known 
from the Norian Nariwa Group, Southwest 
Japan (Kimura et al" 1983) and from the 
Upper Triassic Daedong Supergroup, Korea 
(Kimura and Kim, 1985) are the same or 
nearly the same as the Momonoki population. 
(2) Ohana and Kimura (1986) described 
diminutive Ginkgo leaves with preserved cuti
cle from the uppermost Cretaceous (Maas
trichtian) Omichidani Formation in the Inner 
Zone of Central Japan, as a single Ginkgo 
population. (3) Horiuchi and Kimura 
(1986) described Ginkgo leaves with nearly 
entire or shallowly lobed margins and with 
preserved cuticle from the Palaeogene Noda 
Group, as a single Ginkgo population. (4) 
Zhou and Zhang (1989) described a Ginkgo 
population consisting of various Ginkgo 
leaves with preserved cuticle from the Middle 
Jurassic Yima Formation, Henan, China. 

These populations are different from each 
other, according to their geographical and 
stratigraphical positions. As a matter of 
course, difference of populations corresponds 
to difference of species. 

Nomenclature: We here adopt the generic 
name Ginkgo according to Harris et al. 
(1974), instead of Ginkgoites (Seward, 1919). 

In external morphology, our C- and D
types of leaves are clearly representative of the 
present population, and are close to Gink
goites cf. sibirica, Baiera cf. gracilis, B. kidoi, 
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B. manchurica, B. minima, B. orientalis, B. cf. 
phillipsi, B. sp. a and B. sp. b described by 
Yabe and Oishi (1933). As mentioned 
before in this paper, we feel that they are 
conspecific. 

Chen et at. (1988) revised Baiera manchur
ica Yabe et Oishi as Ginkgo manchurica 
(Yabe et Oishi) Meng et Chen (comb. nov.) 
and included Baiera minima Yabe et Oishi, 
B. orientalis Yabe et Oishi, Ginkgoites fux
inensis Li and G. wulungensis Li in Ginkgo 
manchurica as being synonymous. Under 
the circumstances, we give the leaves of the 
present population the name Ginkgo man
churica (Yabe et Oishi) Meng et Chen. 

Ginkgoites pingzhuangensis described by 
Zhao and Tao (1991) as a new species on the 
basis of the specimen (NCP-8265) which is 
the same specimen as that shown in the pres
ent Figures 2m, 3m, should rightly be with
drawn. 
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952. DIMORPHISM OF LATE CRETACEOUS FALSE-PUZOSIINE 
AMMONITES, YOKOYAMAOCERAS WRIGHT AND 

MATSUMOTO, 1954 AND NEOPUZOSIA 
MATSUMOTO, 1954* 

HARUYOSHI MAEDA 

Department of Geology and Mineralogy, Faculty of Science, 
Kyoto University, Kyoto, 606-01 

Abstract. Yokoyamaoceras jimboi Matsumoto, previously assigned to the Koss
maticeratidae, and Neopuzosia ishikawai (limbo), N.japonica (Spath), and N. haboroensis 
Matsumoto and Inoma, previously assigned to the Puzosiinae, all co-occurring in Santonian 
to lower Campanian deposits of the Upper Cretaceous Yezo Group in Hokkaido, Japan, and 
Sakhalin, Russia, are· reinvestigated on the basis of many well-preserved specimens. 
Observations on the stratigraphic occurrence, morphological variation, and shell ontogeny 
show these four nominal species to be dimorphs of but a single biospecies. The first two 
morphospecies represent the macroconch <M), and the latter two microconch <m) for which 
the earlier available name is Yokoyamaoceras ishikawai (limbo, 1894), which is referred to 
the Kossmaticeratidae. This is suggested by the mode of ontogenetic shell growth, particu
larly of the umbilicus. 

A dimorphic lineage can be traced back to certain upper Turonian-Coniacian Koss
maticeras <M) and Yokoyamaoceras <m) species. The superficial morphological resem
blance between the species and Mesopuzosia spp. is mere homeomorphy. 

Key words. Dimorphism, Cretaceous ammonites, Yokoyamaoceras, Neopuzosia, Koss
maticeratidae, Puzosiinae 

Introduction 

Two desmoceratacean genera, Yo
koyamaoceras Wright and Matsumoto, 1954, 
previously assigned to Kossmaticeratidae, 
and Neopuzosia Matsumoto, 1954, previously 
assigned to Puzosiinae, are very similar in 
external shell morphology and surface orna
ment, differing chiefly in the presence of 
tubercles in the latter. Both genera are indig
enous to the late Cretaceous Pacific Realm, 
and they are reliably known only from Hok
kaido, Sakhalin, Koryak-Kamchatka, France 
(Kennedy, 1986), California, and British 
Columbia (Haggart and Ward, 1989), Argen-

tine (Nullo et at., 1980), and Antarctica 
(Olivero, 1984). Species of the two genera 
were described from Hokkaido and Sakhalin 
chiefly by Matsumoto (1954b, 1955, 1956). 
Their generic and specific diagnoses were, 
however, based on a limited number of speci
mens rather than population samples, and the 
extent of intraspecific variation could not be 
confidently determined from previous studies. 

I recently obtained many well-preserved 
specimens of Yokoyamaoceras and Neo
puzosia from the Upper Cretaceous Yezo 
Group in Hokkaido and Sakhalin (Figure 1). 
They suggest that the two genera, and particu
larly four coexisting nominal species: Yo
koyamaoceras jimboi Matsumoto, 1955, 
Neopuzosia ishikawai (limbo, 1894), N. 

'Received October 23, 1992; accepted January 25, 
1993 
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Figure 1. Index map of Hokkaido and South 
Sakhalin showing distribution of the Cretaceous 
Yezo Group (compiled from Matsumoto, 19S4a; 
Tanaka, 1963; Geological Survey of Hokkaido, 
1980; Zakharov et al., 1984). Locality names are 
abbreviated as follows. NB: Naiba (= Naibuchi : 
47·21'N, 142·32'E); TS: Teshio (44·47'N, 142·02' 
E); AB: Abeshinai (= Saku: 44·42'N, 142·02'E); 
EM: Embetsu (44·38'N, 141·S9'E); HB: Haboro 
(44· 16'N, 141·S4'E); KT: Kotambetsu (44·11'N, 
141·S9'E); TP: Tappu (=Obira: 44·0S'N, 141·S6' 
E); BI: Bibai (43·22'N, 142·02'E); IK: Ikushum
betsu (=Mikasa: 43·1S'N, 142·04'E); MJ: Manji 
(141·S7'E, 43·07'N); YU: Yubari (43·04'N, 141·S7' 
E); OY: Oyubari (= Shuparo: 43·08'N, 142·0S' 
E); HO: Hobetsu (42·S2'N, 142·08'E); UK: Ura
kawa (42·11'N, 142·45'E). 

japonica (Spath, 1922), and N. haboroensis 
Matsumoto and Inoma, 1972, ranging from 
Santonian to lower Campanian, are syno
nyms. This is based on the following obser
vation, which suggests a wide range of mor
phologic variation, as well as dimorphism: 

1) Nominal species show coincident dis
tribution both in time and space. 

2) Several morphological characters, pre
viously regarded as criteria for discrimination 
of species, show continuous variation in large 
samples. 

3) Extreme similarity of immature stages. 

4) A pair of large and small forms can be 
recognized (Figures 2, 3). 

Following the works of Callomon (1955) 
and Makowski (1963), numerous examples of 
dimorphism in ammonoids have been report
ed; in the Paleozoic (e.g., Davis et af., 1969), 
and in Mesozoic ammonites, particularly 
from Jurassic ones (Callomon, 1963, 1985; 
Westermann, 1964; Lehmann, 1966; Pal
[raman, 1966,1967, etc.). These works 
contributed greatly to systematic and 
phylogenetic reconsideration of ammonite 
relationships. Dimorphism is also recog
nized among Cretaceous ammonites (Ken
nedy and Wright, 1985), and several taxa have 
been studied from this viewpoint, e.g., sca
phitid heteromorphs (Cobban, 1969; 
Tanabe, 1977a, 1977b, etc.), acanthoceratids 
(Wright and Kennedy, 1984; Kennedy and 
Wright, 1985), placenticeratids (Kennedy and 
Wright, 1983), and hoplitoidines (Reyment, 
1988). However, many Cretaceous taxa 
remain to be investigated more precisely. 

In this paper, I first attempt to reconstruct 
the dimorphism of the kossmaticeratid Yo
koyamaoceras and puzosiine Neopuzosia. 
Second, I discuss their taxonomic position at 
the family level, based on the mode of early 
shell ontogeny compared with that of other 
desmocerataceans. 

Repository of specimens.-The following 
abbreviations are used to indicate the reposi
tory of specimens mentioned in this paper, 
UMUT: University Museum, University of 
Tokyo, Tokyo 113; GK: Geological 
Department, Kyushu University, Fukuoka 
812. Material utilized here is shown in 
Table 1. 

Diagnoses of Yokoyamaoceras 
and Neopuzosia 

Yokoyamaoceras.-The genus Yo
koyamaoceras was first established by Wright 
and Matsumoto (1954), with Holcodiscus 
kotoi Jimbo, 1894, from the Coniacian of the 
Tappu area, Hokkaido, Japan, as type 
species. They defined Yokoyamaoceras as 
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double collar rib 

biconcave constriction 
. rib 

'. 

r 0 s t rum .......... . ,&!C.~,,~ ...... 
lappet ........... .. 

· .. ·periodic 
constriction 

- ....... ·parabolic line'" .............. 

ventrolateral tubercle 

(Macroconch) (Microconch) 
Figure 2. Schematic illustration of macro- and microconchs recognized in Neopuzosia and Yo

koyamaoceras. The macroconchs (M> consist of two morphospecies: "ishikawai" and "japonica." 
"haboroensis" and "jimboi" comprise the microconchs (m>. The macro conchs are usually three times 
larger than the microconchs. Scale bars: 10 mm long. 

one of the tuberculate dwarf groups in the 
family Kossmaticeratidae, and regarded it as 
an offshoot of Kossmaticeras in subsequent 
pu blications (Matsumoto, 1955, 1981). Ken
nedy (1986) recently placed this genus in the 
subfamily Puzosiinae. 

Species of this genus generally have small, 
moderate coiling to evolute, somewhat com
pressed shells with dense, fine, flexuous pror
siradiate ribs that are truncated somewhat 
obliquely by periodic constrictions, as Koss
maticeras and some puzossines. Alternate 
or opposite tubercles appear on ribs at each 
ventrolateral shoulder in the adult or near 
adult stage. These tubercles may disappear 
in the last 600 -1500 volution of body chamber. 
Tuberculation is variable, both in strength 

and density, but was said to be the most 
distinct character by which the genus can be 
discriminated from puzosiines. Umbilical 
tubercles are not prominent even though they 
appear in some doubtful forms. The suture 
line is of kossmaticeratid type, simple, with a 
symmetrically tripartite lateral lobe (L) and 
more weakly retracted umbilical elements 
than in puzosiines (Wright and Matsumoto, 
1954; Matsumoto, 1955,1956, 1981, 1991). 
Six species of Yokoyamaoceras have been 
described from the middle Turonian to 
Santonian. In this paper, I treat them as 
morphospecies, with double quotation marks. 
The morphospecies are as follows with brief 
diagnoses and stratigraphic ranges as revised 
by Obata et al. (1978) and my recent observa-
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Table 1. Mate.rial utilized in this paper including UMUT. and GK. type specimens. Abbreviations of 
localIty names are as same as in Figure I. 

Morphosecies 

" Y okoyamaoceras kotoi" 

"Y. jimboi" 

"Y. ornatum" 

"Y. (?) mysticum" 

"Y. minimum" 

"Neopuzosia japonica" 

"N. ishikawai" 

"N. haboroensis" 

Desmoceras (Pseudouhligella) japonicum 

Mesopuzosia pacifica 

M. yubarensis 

Jimboiceras planulatiforme 

H auericeras (Gardeniceras) angustum 

Kossmaticeras theobaldianum paucicostatum 

Anapachydiscus sp. 

tions. 
"Yokoyamaoceras kotoi (Jimbo, 1894)" 

Holotype.-UMUT. MM7517 (Figures 4-
15,4-16), from the Obirashibe (= Obira
shibets) River, Tappu (TP in Figure 1). 

Diagnosis.-Morphospecies showing many 
distinct ribs and dense, extensive tubercula
tion over one whorl. The holotype has 
about 25 ribs per half a whorl, and 23 of them 
develop tubercles at the ventrolateral shoul
der. Tuberculation appears at a shell diame
ter of 15 mm or less, and continues for more 
than a whorl. The shell attains at least 35 
mm diameter. The apertural features of the 
fully grown adult stage are unknown. 

Occurrence.-Coniacian. 

No. of specimens Localities 

5 TP, KT, HB 

25 NB, HB, KT, TP, IK, HB 

4 AB, HB 

UK 

5 

24 

30 

8 

20 

20 

5 

10 

5 

8 

5 

TP, IK, MJ 

NB,TS,EM,AB,KT,TP, UK 

NB, TS, AB, HB, KT, TP, IK, UK 

NB,TS,AB,HB,KT,TP 

AB, TP, IK 

KT, TP, MJ, OY, HB 

YU, OY, IK 

TP 

NB, TS, IK, UK 

TP,IK 

AB 

"Yokoyamaoceras jimboi Matsumoto, 1955" 

Holotype.-UMUT. MM7625 (Figures 4-9, 
4-10), from the Saushi-sanushibe Valley, 
Hobetsu (HO). 

Diagnosis. - Morphospecies possessing fine, 
weak ribbing and with a brief, irregular tuber
culate stage. Ribs finer (numbering about 
30-40 per half a whorl) and weaker than 
those of" Y. kotoi." The ventrolateral tu ber
cles alternate, distributed with an incidence of 
one tubercle per 3-4 ribs. Tubercles appear 
at diameter of 20 mm or less, and extend for 
about one-third to half a volution of the adult 
body chamber. Adult shells range from 25 
to 35 mm diameter. Lateral lappets are pres
ent in every specimen with a complete aper-

+- Figure 3. Adult macroconchs (1-4, X 0.67) and adult microconchs (5-8, X 1.5). All the specimens 
are here assigned to Yokoyamaoceras ishikawai (limbo, 1894). 1,3, "Neopuzosia ishikawai (limbo)" <M), 
UMUT. MM18341, from the lower Santonian of the Kotambetsu River (Loc. KT-5040). 2, 4, "N. japonica 
(Spath)" <M), UMUT. MM18337, from the Santonian of the Naiba River, South Sakhalin. 5,6, an 
intermediate form between "N. haboroensis Matsumoto and Inoma" and" Yokoyamaoceras jimboi Mat
sumoto, 1955" <m), UMUT. MM18385, from the uppermost lower Santonian of the Kotambetsu River (Loc. 
KT-5302). 7,8," Yokoyamaoceras jimboi Matsumoto" <m), UMUT. MM18357, from the lower Santonian 
of the Obirashibe River (Loc. TP-022). 
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ture (Figure 5). 
Occurrence.- Lower Santonian except for 

the uppermost part. 
"Yokoyamaoceras ornatum Matsumoto, 1956" 

Holotype.-GK. H521O, from the Abe
shinai River (AB). 

Diagnosis.-Morphospecies characterized 
by much influated shell with subquadrate 
cross section, and very coarse, flexuous dis
tinct ribbing of about 20 ribs per half a whorl. 

Occurrence.-Coniacian. Except for 
difference in cross section, general features of 
"Y. ornatum" are quite similar to those of 
contemporaneous Y. kotoi, and there are 
some intermediate forms between the two 
morpho species. 
"Yokoyamaoceras (?) mysticum Matsumoto, 
1955" 

Holotype.-GK. H3379, from Loc. U-147p, 
Urakawa (UK). 

Diagnosis.-Morphospecies with tubercles 
at both ventrolateral shoulder and umbilical 
margin. 

Occurrence.-Only the holotype is known 
from the Santonian (Matsumoto, 1955, p. 
156-157), and the identity of this species is 
still uncertain. 
"Yokoyamaoceras minimum Matsumoto, 1956" 

Holotype.-GK. H4204, found in a pebble 
in the Ikushumbetsu River (lK). 

Diagnosis.-Morphospecies characterized 
by very small shell size and irregular but 
prominent tuberculation. The adult is 20 
mm or less in shell diameter, with a pair of 
lappets. 

Occurrence.-Upper Turonian to Conia
cian. 
"Yokoyamaoceras yokoii Matsumoto, 1991" 

Holotype.-TMNH (= Toyohashi Museum 
of Natural History) 501, from Mj-k Member, 
Satonosawa Valley, Tappu (TP). 

Diagnosis.-Morphospecies characterized 
by small shell with subtrigonally shouldered 
venter, in which asymmetrically approximat
ed two rows of tubercles appear. 

Occurrence.-Middle Turonian. 
Neopuzosia.-Neopuzosia is characterized 

by a moderate-sized, compressed (BjH: 
about 0.6-0.7 in adult), somewhat widely 
umbilicate Puzosia-like shell with slightly 
convex sides, perpendicular umbilical wall, 
6-8 periodic constrictions per whorl, and fine, 
flexuous prorsiradiate ribs. The constric
tions, associated with double collar ribs, are 
projected forwards on periphery, and can be 
observed in almost all ontogenetic stages. A 
constriction usally truncates 2-4 ribs just 
behind it. Distant, rather straight ribs may 
appear suddenly on the living chamber of 
some adult shells, but flexuous ribbing still 
remains in others. In contrast to other true 
puzosiines in Hokkaido and Sakhalin, the 
shell never attains a large size, and the maxi
mum diameter is usually less than 150 mill. 

The type-species of Neopuzosia is based on 
a type specimen from the Urakawa area, 
Hokkaido. It was first described as Des
moceras gaudama Forbes, 1846 by Yo
koyama (1890). Subsequently, Spath (1922) 
established the genus Kitchinites, based on 

~ Figure 4. Microconchs X 1.2. All the specimens, except 15, 16, are here assigned to Y okoyamaoceras 
ishikawai (limbo, 1894). Arrows show successive change of forms. 1,2, an intermediate form between 
"Yokoyamaoceras jimboi Matsumoto" and "Neopuzosia haboroensis Matsumoto and Inoma," UMUT. 
MM18351, from. the uppermost lower Santonian of the Kotambetsu River (Loc. KT-5302). 3,4, "N. 
haboroensis Matsumoto and Inoma," holotype, GK. H5654, from the upper lower Santonian of the 
Miginosawa Valley (Loc. IA-I 564), Haboro. 5-12," Yokoyamaoceras jimboi Matsumoto." 5,6, GK. 
H5201, exact locality uncertain, Ikushumbetsu. 7,8, a depressed form, UMUT. MM7623a, Kikumenzawa 
Valley, Ikushumbetsu. The specimen was originally described as Yokoyamaoceras kotoi by Matsumoto 
(1955). 9,10, holotype, UMUT. MM7625a, from the Santonian of the Saushi-sanushibe Valley, Hobetsu. 
11,12, UMUT. MM18359, from the lower Santonian of the Kumaoizawa Valley (Loc. IK-300), Ikushumbet
suo 13,14, an intermediate form between" Y. jimboi" and" Y. kotoi," UMUT. MM18350, from the 
lowermost lower Santonian of the Kotambetsu Valley (Loc. KT-5606). 15,16, Yokoyamaoceras kotoi 
(limbo), holotype, UMUT. MM7517, from the Coniacian of the Obirashibe River, Tappu. 
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Figure 5. Schematic diagram showing the diagnostic features and size in the adult stage for the four 
morpho species discussed plus" Yokoyamaoceras kotoi (limbo, 1894)." The latter species can be consid
ered as an ancestral form of the microconchs. 
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Holcodiscus pondicherryanus Kossmat, 1897 
from India. He placed Yokoyama's speci
men within his genus, and gave it a new 
specific name: Kitchinites japonicus. Mat
sumoto (1954b) proposed Neopuzosia as an 
independent puzosiid genus in which 
flexuous ribbing still remains even in the 
adult stage compared with Kitchinites (Kit
chinites), and this division has been followed 
by several studies (Matsumoto, 1988, etc.). 
On the other hand, Wright (1957) ranked 
Neopuzosia as a subgenus of Kitchinites in the 
subfamily Puzosiinae. Neopuzosia is cur
rently regarded as transient from Mesopuzosia 
of the Turonian-Coniacian to Kitch in ites 
(Kitchinites) of the Campanian-Maastrichtian 
(Matsumoto, 1954b, 1981, 1988; Matsumoto 
et al., 1972). Matsumoto (1954b, p.95) 
interpreted" N. ishikawai" as a descendant of 
Mesopuzosia yubarensis (limbo), and "N. 
japonica" as derived from M. pacifica Mat
sumoto. Three Neopuzosia species have been 
described from Hokkaido and Sakhalin, but I 
treat them provisionally as morphospecies 
with double quotation marks in this paper. 
Details are as follows. 
"Neopuzosia japonica (Spath, 1922)" 

Lectotype.-Yokoyama (1890, pI. 19, figs. 
5a, b) from the Urakawa area (UK; exact 
locality unknown). 

Diagnosis.-Morphospecies showing coar
ser and stronger ribbing than" N. ishikawai." 
The rib density is 25-30 per half a whorl at 
100 mm shell diameter. Some adult shells 
may exhibit straight and somewhat stronger 
prorsiradiate ribbing, but others still possess 
flexuous ribbing as in the juvenile. 

Occurrence.-Santonian to lower Campa
nian. 
"Neopuzosia ishikawai (Jimbo, 1894)" 

Lectotype.-UMUT. MM7507 (Figures 6-
5, 6-6), from the Santonian of the Obirashibe 
River, Tappu (TP). 

Diagnosis.-Morphospecies possessing fine, 
dense sigmoid ribbing (numbering about 30-
40 per half a whorl at 100 mm shell diameter). 
The ribs are prorsiradiate, strongly projected 

forwards on periphery even in adult shells. 
Occurrence.-Santonian to lower Campa

nian. 

"Neopuzosia hahoroensis Matsumoto and Inoma, 
1972" 

Holotype.-GK. H5654 (Figures 4-3, 4-4) 
from the Miginosawa Valley, Haboro (HB). 

Diagnosis. - Morphospecies characterized 
by a small, lappeted shell. The adult shell 
ranges from 25 to 40 mm diameter. 

Occurrence.-Uppermost lower Santonian 
to lower Campanian. 

I will concentrate my discussion mainly on 
the four Santonian to lower Campanian 
morphospecies: "N. ishikawai," "N. japon
ica," "N. haboroensis," and" Yokoyamaocer
as jimboi" for they are abundant compared 
with other morphospecies from different hori
zons. For convenience, I adopt their specific 
epithets for the expression of these mor
phospecies, e.g., "ishikawai" for" Neopuzosia 
ishikawai (limbo, 1894)" etc. 

Mode of occurrence 

The species of "Yokoyamaoceras" and 
"Neopuzosia" discussed here are found in the 
central slope basin facies and the western 
shelf facies of the Yezo Group in Hokkaido 
(Matsumoto, 1942, 1954a; Okada, 1979, 
1983). Figure 7 shows stratigraphic occur
rence of Yokoyamaoceras and Neopuzosia in 
the Turonian- Santonian sequence along the 
Kotambetsu River, northwest Hokkaido. 
Strict facies-dependent distributions are not 
seen. 

The species of "Yokoyamaoceras" and 
"Neopuzosia" frequently co-occur in the same 
place (Table 2). Well-preserved examples 
are usually obtained sporadically from calcar
eous concretions embedded in the muddy 
deposits, in association with other ammo
nites, inoceramids, other benthic fossils, and 
numerous plant remains. Most are found in 
a good state of preservation, except for the 
partial collapse of the living chamber during 
diagenesis (Maeda, 1987). Inner whorls with 
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protoconchs are usually well preserved, and 
amenable to ontogenetic study. A few speci
mens, larger than 100 mm in diameter, show 
the slight dissolution of their inner whorls. 
They are never concentrated into shell beds. 

Adult features and variation 

If we take no account of the barrier of 
traditional classification, the coexisting four 
morphospecies can be easily grouped into two 
categories: "macroconch" <M) and "mi
croconch" <m) proposed by Callomon (1955, 
1963) for dimorphic ammonites, in which 
juvenile shell morphologies closely resemble 
each other. The prerequisites for recogniz
ing dimorphism (e.g., Callomon, 1963, 1969, 
198 I ; Makowski, 1963 etc.) are discussed 
below; Figure 2 illustrates the two forms 
schematically. The macroconch consists of 
"ishikawai" (Figures 3- I, 3-3) and "japon
ica" (Figures 3-2, 3-4). "Haboroensis" (Fig
ures 4-3,4-4) and "jimboi" (Figures 3-7, 3-8) 
represent the microconchs. Both forms are 
nearly identical in the immature stage, but 
exhibit remarkable dimorphic features in the 
adult; there are no intermediates. Mac
roconchs are three times (or maximum four 
times) larger than the microconchs (Figure 5). 

Macroconchs.-" Ishikawai" was distin
guished from contemporaneous "japonica"by 
previous authors (e.g., Matsumoto, I 954b) by 
its weaker and finer ribbing. Plots of rib 
density against shell diameter (Figure 8) show 
that the ribs tend to coarsen as the shell 
reaches maturity. Rib density converges 
finally to around 30 per half a whorl in both 
macroconchs. Both macroconchs show a 
wide continuous variation (Figure 6), and the 
ranges of variation of the two "species" over
lap. Besides ribbing, they share many com-

mon morphologic characteristics. The 
differences between the type specimen of 
"ishikawai" <M) and "japonica" <M) are, 
therefore, considered as within the range of 
intraspecific variation, and I summarize both 
macroconchs together as "ishikawai" after 
this. 

Fully grown shells comprise 8-9 whorls, 
and generally reach 90- 140 mm diameter. 
The body chamber extends for 240" to 280". 
The general coiling pattern is slightly 
modified towards the aperture of the adult, as 
a result of decrease of whorl expansion rate 
(Figures 3-1, 3-2). At the same time, the 
whorl becomes slightly compressed, and orna
ment may strengthen somewhat particularly 
on the periphery. These features indicate 
maturity, though approximation of the last 
few septa and simplification of the last suture 
(Kennedy and Cobban, 1976) are not clearly 
observed. The aperture never develops peri
stomal modifications. The aperture line is a 
simple prorsiradiate or concave pattern, 
which gently projects forwards on the periph
ery (Figure 2). 

Microconchs. -" Jimboi" and "haboroen
sis" are nearly identical to macroconchs up to 
15 or 20 mm shell diameter (Figure 9). Rib 
density of microconchs is the same as that of 
macroconchs (Figure 8). Fully grown shells 
possess 12-14 septa per whorl, and the body 
chamber length ranges from 240" to 280", as in 
macroconchs. However, microconchs show 
quite different adult features from the ma
croconchs in shell size, mode of tubercula
tion, and peristomal modifications. 

Fully grown shells, comprising 6-7 whorls, 
are no more than 25-40 mm diameter. In 
later growth stages, alternate ventrolateral 
tubercles appear in "jimboi." They appear 
on the first half of adult body chamber, and 

~ Figure 6. Macroconchs X 1.0. 1-3, "Neopuzosia japonica (Spath)," UMUT. MM18331, from the 
upper Santonian of the Omoshirubeshibetsu Valley (Loc. EM-404), Embetsu. 4, "N. japonica (Spath)," 
UMUT. MM6638, from the uppermost Santonian or lowermost Campanian of the Tannosawa Valley (Loc. 
T-472), Abeshinai. 5,6, "N. ishikawai (Jimbo)," lectotype, UMUT. MM7507, from the Santonian of the 
Obirashibe River, Tappu. 7, UMUT. MM18336; 8, UMUT. MM18386, "N. ishikawai (Jimbo)," from the 
lower Santonian of the Kaminosawa Valley (Loc. KT-5200), Kotambetsu. 
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and " haboroensis" lineage in the Turonian-Santonian sequence along the Kotambetsu River (KT). Solid 
circle: occurrence of microconchs <m) ; Open circle: occurrence of macroconchs <M) . SS.: sandstone. 
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Table 2. Fossil assemblages showing coexistence of macro- and microconchs at the same places. I, an 
example housed in a calcareous nodule of 300 mm diameter, Ikushumbetsu (IK). 2, another 
example housed in a calcareous nodule of 200 mm diameter, Teshio (TS). V A: very 
abundant; A: abundant. 

(I) Locality: IK-300 (Lower Santonian) 

Species 

<AMMONITES) 

Neophylloceras ramosum (Meek) 

Gaudryceras tenuiliratum Yabe 

Tetragonites glabrus (limbo) 

Damesites damesi (limbo) 

"Neopuzosia ishikawai (limbo)" <M) 

"Yokoyamaoceras jimboi Matsumoto" <m) 

Hauericeras (Gardeniceras) angustum Yabe 

Polyptychoceras pseudogaultinum (Yokoyama) 

<BIVALVES) 

Inoceramus (Inoceramus) amakusensis Nagao and Matsumoto 

Inoceramus (Sphenoceramus) naumanni Yokoyama 

<GASTROPOD) 

Serrifusus sachalinensis (Nagao) 

<PLANT REMAINS) 

(2) Locality: TS-8007 (Upper Santonian) 

<AMMONITES) 

Gaudryceras tenuiliratum Yabe 

Damesites sugata (Forbes) 

Species 

"Neopuzosia ishikawai (limbo)" <M) and "N. japonica (Spath)" <M) 

"Neopuzosia haboroensis Matsumoto and Inoma" <M) 

immature shells of "Neopuzosia sp." <M) or <m) 

Hauericeras (Gardeniceras) angustum Yabe 

Polyptychoceras sp. 

<BIVALVES) 

Inoceramus (Sphenoceramus) naumanni Yokoyama 

immature bivalves gen. indet. 

<GASTROPODS) 

"Avellana" problematica Nagao 

Tibia japonica (Nagao) 

<PLANT REMAINS) 

Individuals 

I 

2+ 

12+ 

3 

4 

3 

5+ 

3 

60+ 

VA 

Individuals 

3 

2 

2 

2 

9+ 

1+ 

60+ 

3 

A 
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Figure 8. Plots of rib density in relation to shell diameter (D) for medium-to-large specimens of four 
morpho species. The mode of ribbing shows a wide extent of variation even at the same shell size. It 
varies continuously, and discrimination of "ishikawai" from "japonica" is impossible. Such variation in 
ri bbing is regarded as intraspecific. 

extend over 120°-240° of whorl. The tuber
culation is absent in "haboroensis," however, 
it is unsuitable for taxonomic discrimination 
as stated below. 

The tuberculation of the microconchs clear
ly changes chronologically both in density 
and extent of appearance. Though there is a 
certain degree of variation even in the coexist
ing specimens, microconchs tend to lose their 
tuberculation at progressively higher strati
graphic levels. Typical examples of mi
croconchs from different stratigraphic levels 
are shown in Figures 4 and 7. The lower
most Santonian forms (e.g., Figures 4-13, 4 
-14) are characterized by dense tuberculation 
on the adult body chamber. The specimen 

ill ustrated possesses 18 ventrolateral tu ber
cles, appearing over about half a volution 
(170°) of the body chamber. It shows some
what intermediate features between 
Coniacian "kotoi" (Figures 4-15, 4-16) and 
"jimboi." Irregularly tuberculate specimens, 
typical "jimboi," are dominant in the main 
part of the lower Santonian. The holotype 
(Figures 4-9, 4-10) has 8 tubercles extending 
over one-third of a volution of the body 
chamber. In the upper Santonian and lower 
Campanian, microconchs are represented by 
nontuberculate "haboroensis" (Figures 4-3, 
4-4), and tuberculate forms are unknown at 
this level. 

Recently, I collected several specimens 
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Figure 9. Immature shell s of macro- and microconchs x 1.0. All the specimens are here assign ed to 

Yokoyamaoceras ishikawai (limbo, 1894). 1- 3," Y. jimboi Matsumoto" ( m>, in a calcareous concretion 
from the lower Santonian of the Kotambetsu Valley (Loc. KT-5056). 1, UMUT. MM1 8346 ; 2, 3, 
UMUT. MM 18344. 4- 12, coexistent" Neopuzosia species" in a calcareous concretion from the upper 
Santonian of the Kokuneppu Valley (Loc. TS-8007), Teshio . 4, UMUT. MM18380 ; 5, UMUT. 
MM18381 , immature shells of "N. ishikawai (limbo)" ( M> or " N. haboroensis Matsumoto and Inoma" 
( m>. 6, 7, " N. ishikawai (limbo)" ( M>, UMUT. MM18382. 8- 12, ontogenetic development of " N. 
haboroensis Matsumoto and Inoma" ( m>, UMUT. MM18387. 

intermediate between tuberculate and succes
sive nontuberculate forms (e.g., Figures 4- 11 , 
4- 12 via Figures 4- 5, 4-6 to Figures 4-1 , 4-2). 
One of them, from the uppermost lower 
Santonian (Figures 4-1 , 4- 2), is faintly tuber
culate, with only 6 indistinct ventrolateral 
tubercles on a limited portion (ca. 70· in 
whorl volution) of the adult living chamber. 
It exhibits features clearly transient between 
those "jimboi" (Figures 4-5 , 4- 6) and 
"haboroensis" (Figures 4-3, 4- 4). The two 

microconch morphospecies are thus linked 
together into a single lineage by such interme
diate form s. 

In the full -grown mature stage of ''jimboi'' 
<m) and "haboroensis" <m), a characteristic 
biconcave constriction develops at the end of 
the body chamber, from which a pair of 
lateral lappets and a rostrum project ado rally 
(Figures 2,3-5-3-8,4). The biconcave con
striction is adjacent to the last periodic con
striction. It never appears at any other 
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growth stage, and is easily differentiated from 
the normal periodic constrictions by the 
difference in curvature. The lappets are 2-5 
mm long, and have a simple tapering shape. 
The distinctive apertural modifications are 
regarded as diagnostic of maturity in mi
croconchs (Kennedy and Cobban, 1976; 
Callomon, 1981). "Jimboi" (m> and 
"haboroensis" (m> closely resemble each 
other in size and apertural features at matu
rity (Figures 4, 5). 

Besides these features, parabolic lines 
(= "demarcation lines" by Matsumoto et al., 
1972; Matsumoto, 1991; Figure 2) appear 
repeatedly just in front of the periodic con
striction in several specimens of microconch. 
However, the appearance of parabolic lines 
should be excluded from t~e criteria for rec
ognition of microconchs, because they are not 
peculiar to microconchs but are also fairly 
common in macroconchs (Figure 3-1), and 
even in huge puzosiines. 

Ontogenetic shell growth 

To confirm the dimorphic relationship 
among the four morphospecies discussed 
above, I have paid much attention to the early 
shell morphology, which may possibly reflect 
phylogeny as well as other diagnostic fea
tures. For the analysis of ontogenetic shell 
growth, I prepared cross sections of more than 
30 specimens of the four morpho species and 
other desmocerataceans (Table 1) by polish
ing the shells along the center ::>f the 
protoconch. The following parameters 
(abbreviations used in the text, figures, and 
tables are shown in parentheses) were meas
ured at intervals of half a whorl (180') on 
each sectioned specimen using a digital 
micrometer (accuracy± 1 ,urn) attached to an 
overhead profile projector (V-16D, Nikon); 
whorl radius (R), whorl breadth (B) and 
umbilical radius (C). The whorl volution is 
expressed by 7l (= 180') scale from the center 
of protoconch. 

Figure 10 shows the median cross sections 

of early growth stage of "ishikawai" (M>, 
"haboroensis" (m>, and "jimboi" (m> 
compared with three other desmocerataceans. 
The macroconchs are treated as "ishikawai." 
The protoconchs of dimorphs are nearly iden
tical, having an ellipsoid shape, 0.5 mm wide 
and 0.3 mm diameter. They are enclosed by 
the extremely depressed first whorl. In all 
morpho species, the siphuncular tube lies at 
first in the center of the camera just as in 
Nautilus. Thereafter, it moves towards the 
venter, and finally closes to the ventral shell 
wall at the 3-4 7l stage. The whorl is 
depressed at first, but whorl height grows 
more rapidly than breadth as the shell grows. 
The umbilical shoulder appears at the 4-5 7l 

stage. 
The profiles of" haboroensis" (m> (Figures 

10-1), "ishikawai" (M> (Figures 10-2), and 
"jimboi" (m> (Figures 10-3) are almost iden
tical. They share abrupt narrowing of um
bilicus once at the second to fourth whorl (see 
also Tanabe and Shigeta, 1987, fig. 4). It is 
most conspicuous at 5-6 7l stage where umbil
ical shoulders project into the umbilical void 
and form a remarkable "umbilical break." 
On the succeeding third to fourth whorl the 
umbilicus widens gradually, and finally the 
shell shows a somewhat evolute Puzosia-like 
morphology. Kossmaticeras theobaldianum 
paucicostatum (Figure 10-4) also shows a 
quite similar profile of juvenile shell shape. 
In contrast, Mesopuzosia pacifica, which was 
considered as the ancestor of "japonica" (M>, 
never exhibits such umbilical narrowing in 
the early stage (Figure 10-6). 

Early ontogenetic growth patterns of whorl 
radius, breadth, and umbilical radius are 
essentially similar among the three mor
phospecies (Figure 11). The growth of the 
whorl radius (R) exhibits monophasic al
lometry at least for the early stage (2-12 7l 

stage; D ~ 0.7-18 mm). That of whorl 
breadth (B) of the three morphospecies shows 
diphasic allometry, and the growth ratio 
increases markedly at the 2-3 7l stage, which 
may result from rapid whorl growth after the 
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Figure 10. Median cross sections of early growth stage showing the ontogenetic change of whorl 
shape and siphuncular position. 1, "Neopuzosia haboroensis Matsumoto and Inoma" (m>, UMUT. 
MM18376, upper Santonian. 2, "N. ishikawai (Jimbo)" (M>, UMUT. MM18369, lower Santonian. 3, 
"Yokoyamaoceras jimboi Matsumoto" (m>, UMUT. MMI8372, lower Santonian. 4, Kossmaticeras 
theobaldianum paucicostatum Matsumoto, UMUT. MM18374, Coniacian. 5, Desmoceras (Pseudo
uhligella) japonicum Yabe, UMUT. MM18379, middle Cenomanian. 6, Mesopuzosia pacifica Mat
sumoto, UMUT. MM18362, middle Turonian. 
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Figure 11. Ontogenetic allometry of radius vector (R), whorl breadth (8), and umbilical radius (C) 
in relation to whorl volution for three morphospecies in the early stage. Whorl volution of 2-12 7C 

corresponds approximately to shell diameter of 0.7-18 mm. 
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formation of the primary constriction 
( = hatching). 

Double logarithmic plots of umbilicus ver
sus shell diameter for selected specimens of 
four morphospecies show a similar growth 
pattern throughout their ontogeny (Figure 
12). Remarkable reduction of umbilical 

u 
mm 

50 

2'() 

10 

5 

2 
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0.2 

growth is present between 1-4 mm diameter, 
and thereafter the umbilicus shows an 
isometric growth pattern. The first flection 
point at a diameter of 1.5 mm obviously 
corresponds to the stage of abrupt umbilical 
narrowing in the second whorl. The second 
flection point at a diameter of 3 mm reflects 
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Figure 12. Allometric relationship between shell diameter (D) and umbilic~s (U) for t~e fo~r 

morpho species and Mesopuzosia pacifica. Ontogenetic change of measurements In each specimen IS 

linked by a line (same as in Figure 13). 
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its maximum decrease and formation of the 
"umbilical break" around the third whorl 
stage (see also Figures 10, llC). The umbili
cal growth patterns of the four morpho species 
markedly differ from that of Mesopuzosia 
pacifica in the presence of growth reduction 
at 1-4 or 5 mm diameter. 

The ontogenetic changes of whorl shape 
expressed by breadth-height ratio (BjH) ver
sus shell diameter (D) of the four mor
phospecies are also essentially similar up to 
15-20 mm diameter, and show a gradual 
decrease of this parameter with growth (Fig
ure 13). At the stage less than I mm diame-
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ter, whorls are twice as wide as high, and the 
BjH ratio then decreases rapidly. Rate 'Of 
decrease reduces abruptly at a diameter of 4 
mm. In macroconchs, this ratio decreases 
gradually after 15-20 mm diameter, and at 
maturity it attains 0.6-0.7, which is somewhat 
larger than that of Kitchinites (s.s.) species 
from the Campanian to Maastrichtian (e.g., 
Howarth, 1965; Henderson, 1970). In full
grown microconchs, the ratio is quite variable 
as compared with macroconchs, and tuber
culation appears coincidentally in "Y. jim
hoi." 

Contrarily, Mesopuzosia pacifica exhibits a 
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Figure 13. Ont?genetic changes of the breadth-height ratio (B/H) in relation to shell diameter (D) 
for four morphospecles plus Mesopuzosia pacifica. 
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somewhat different pattern of decreasing BjH 
ratio from those of the four morphospecies 
(Figure 13), particularly in the early growth 
stage in the presence of a sudden fall at 1.2 
mm diameter and in the absence of the flec
tion point at 4 mm diameter. 

Dimorphism of four morphospecies 

The following observations strongly sug
gest the presence of dimorphism among the 
four morphospecies : 

I) They frequently co-occur in the 
Santonian to lower Campanian in Hokkaido. 

2) All morpho species share similar shell 
morphology in the immature stage. 

3) Their adult shell sizes are discretely 
bimodal: the macroconch <M) (" ishikawai" 
and "japonica") has a simple aperture, and 
the microconch <m) ("jimboi" and "habor
oensis") has lappets. 

4) Macroconchs may show slight numeri
cal dominance, but great disparity in the 
relative frequency of the two froms is not 
observed. 

5) Some diagnostic features, such as rib 
density and mode of tuberculation are unsuit
able for taxonomic discrimination, because of 
their wide range of variation. 

However, the taxonomic barrier between 
the Puzosiinae and Kossmaticeratidae has 
prevented us from recognizing the dimor
phism, and gave rise to somewhat compli
cated problems. Matsumoto et al. (1972) 
already commented on dimorphism in "Neop
uzosia." They hypothesized that "ishik
awai" <M) and lappeted "haboroensis" <m) 
were a dimorphic pair. On the other hand, 
Matsumoto (1981,1991) also commented on 
possible dimorphism between species of Yo
koyamaoceras <m) and Kossmaticeras <M). 
These hypotheses were, however, not 
confirmed by these authors because of the 
marked disparity both in stratigraphic occur
rence and frequency of presumed dimorphs. 
For example, Y. jimboi <m) is quite common 
in the lower Santonian of Hokkaido and 

Sakhalin, but Kossmaticeras spp., presumed 
<M), almost disappear In the upper 
Coniacian. 

Recently, Matsumoto (1988) described 
dimorphism independently in every "Neo
puzosia species." This is, however, quite 
inconsistent with the situation in "N. habor
oensis" which is represented only by lappeted 
microconchs. Similarly, Alabushev and 
Alabusheva (1988) assumed sexual dimor
phism within "Y. jimboi" by differences of 
septation, shell ornament, and constrictions. 
However, this interpretation should be reject
ed because both of their "dimorphs" are 
undoubtedly lappeted. Although the func
tion of lappets is still obscure, this feature is 
peculiar to the microconchs (Kennedy and 
Cobban, 1976, etc.). The two forms in "jim
boi" by Alabushev and Alabusheva (1988) 
and" haboroensis" are, therefore, included in 
the wide morphologic variation of micro
conch <m). 

If we take no account of the taxonomic 
artifice, but take "Neopuzosia" into considera
tion together with "Yokoyamaoceras" and 
Kossma ticeras , differences in the range and 
the occurrence of dimorphs disappear com
pletely (Figure 7). Consequently, one "koss
maticeratid" and three "puzosiines" can be 
classified as a single, dimorphic biospecies. 

Higher taxonomic considerations 

If one "kossmaticeratid" and three 
"puzosiines" can be lumped together under a 
biospecies, a problem naturally arises as to its 
suprageneric pOSitIOn. Kennedy (1986) 
presumed a dimorphic relationship between 
Yokoyamaoceras and Neopuzosia, and placed 
both genera together in Puzosiinae. On the 
other hand, morphological resemblance 
between Kossmaticeras and Kitchinites (s.l.) 
including Neopuzosia was already pointed 
out by previous authors (e.g., Kossmat, 1897 ; 
Yabe, 1927; Matsumoto, 1954b). Besides 
the four morphospecies discussed here, there 
are many puzzling examples as to whether 



118 Haruyoshi Maeda 

tuberculate and nontuberculate forms should 
be placed in Puzosiinae or Kossmaticeratidae 
(Kennedy et'al" 1979, etc,). The ambiguity 
of diagnostic criteria between the two su
prageneric groups is responsible for such 
doubts as to their classification (e.g., truncat
ed ribbing by periodic constriction, and 
tuberculation). 

As already admitted to some extent by 
Matsumoto (1955, p. 155), the sutural 
difference between "Yokoyamaoceras" and 
"Neopuzosia" is also ambiguous. "Ishik
awai" <M>, "haboroensis" <m>, and "jimboi" 
<m> are not distinguishable from one another 
by their sutures at the same shell size, about 
20 mm diameter. The sutures of kossmaticer
atid "jimboi" <m> also show "puzosiine fea
tures," such as an asymmetrically tripartite L 
and a retracted umbilical element (Mat
sumoto, 1954b, 1988; Figure 14). 

In contrast, information on phylogeny is to 
be found in early ontogeny, because ecologi
cal constraints may not so strongly influence 
the juvenile shell morphology. Ontogenetic 
changes of umbilicus/diameter ratio (U /0) 
in "jimboi" <m>, "haboroensis" <m>, and 
"ishikawai" (including "japonica") <M> are 
shown in Figure 15 compared with those of 
other desmocerataceans. The three mor
phospecies and Kossma ticeras theobal
dianum paucicostatum (Kossmaticeratidae, 
Coniacian) show a quite similar ontogenetic 
pattern for this parameter with respect to a 
remarkable umbilical reduction in the 4-8 or 
971 stage (about 1.3-7 mm shell diameter). 
The minimum point in the graph corresponds 
to the temporal formation of a sharp umbili
cal break at the 5-6 7l stage (about 2-3 mm 
shell diameter) on their profiles (Figure 10). 
The temporal abrupt reduction of the um
bilicus at an early stage seems to be a charac
teristic feature of the Kossmaticeras group, 
Both Desmoceras (Pseudouhligella) 
japonicum (Oesmoceratidae, middle 
Cenomanian; Figure 10-5) and Anapa
chydiscus sp. (Pachydiscidae, upper 
Santonian) also possess similar patterns for 

ontogenetic change of U /0 (Figure 15). 
In contrast to this, true puzosiines such as 

Mesopuzosia pacifica (Turonian; the direct 
descendant of Puzosia), M. yubarensis 
(Coniacian), and limboiceras planulatiforme 
(Turonian) never show the narrowing of the 
umbilicus in the early growth stage. Their 
umbilicus is still wide during the 4-9 7l stage 
(U /0 ~ 40%), and thereafter its umbilicus/ 
diameter ratio gradually decreases (U /0 ~ 
35%). Hauericeras (Gardeniceras) angus
tum (Hauericeratinae, Santonian) also shares 
a similar ontogenetic change of U /0 ratio 
with Mesopuzosia. There are no intermedi
ates between the Kossmaticeras and Mesop
uzosia groups in this parameter. Neopuzosia 

5mm 
; ", 

: ", 

. . i __ ! 2 

3 

:4 

Figure 14. Suture lines of macro- and mi
croconchs. 1, adult suture of "Neopuzosia ishik
awai" <M) at about 140 mm diameter, UMUT. 
MM6640, Santonian. 2-4, immature stu res at 
about shell diameter of 20 mm; 2, "N. ishikawai" 
<M), UMUT. MM18380, upper Santonian; 3, "N. 
haboroensis" <m), UMUT. MM18383, upper 
Santonian; 4, "Yokoyamaoceras jimboi" <m), 
UMUT. MMI8344, lower Santonian. 
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Figure 15. Ontogenetic changes of the umbilicus/diameter ratio (U/D) in relation to whorl volution 
for three morpho species of" Yokoyamaoceras" and "Neopuzosia," and selected species of Kossmaticeras, 
Desmoceras, Anapachydiscus, Mesopuzosia, and Hauericeras. This figure shows that the three mor
phospecies are clearly distinguished from the true puzosiines in the abrupt narrowing of umbilicus in the 
limited stage of 4-9 7l stage (~ 1.3-7 mm shell diameter). 
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and Yokoyamaoceras obviously belong in 
the Kossmaticeras group in terms of early 
shell shape. Thus the four morpho species in 
question should be placed in the family 
Kossmaticeratidae. 

Besides this, several morphological features 
cast doubts on puzosiine origin of the four 
morphospecies. "Neopuzosia ishika wai" 
and "N. japonica" never exceed 150 mm 
diameter, but true puzosiines, e.g., Mesop
uzosia, commonly attain gigantic shell-size 
(500 mm or larger). In addition, the adult 
shells of Kossmaticeras (Collignon, 1955; 
Kennedy and Klinger, 1985; Matsumoto, 
1991), Yokoyamaoceras, Neopuzosia (Figures 
2,3-1,16-1,16-3), and Kitchinites (Kit
chinites) (Henderson, 1970; Macellari, 1986) 
similarly have a characteristic double collar 
rib, interspaced with a sharp, deep furrow, on 
the shell surface at the position of the peri
odic constriction on the internal mold. In 
contrast, the collar feature of puzosiines is 
quite different. The shells of true puzosiines 
have adapical collars only, and the furrow at 
the constriction on the shell surface is obscure 
(Figure 16-2,16-4). These may also sup
pose the kossmaticeratid origin of "Neop
uzosia" and Kitchinites. Comparable geo
graphic distribution of Kitch in ites (Kit
chinites) and diverse kossmaticeratids in the 
southern hemisphere during the late 
Campanian to Maastrichtian (Henderson, 
1970; Macellari, 1986; Bando et at., 1987 
etc.) should also be noted. 

The superficial resemblance of external 
shell morphology of Mesopuzosia and Neop
uzosia in the middle to late growth stages is a 
homeomorphy, a phenomenon that is wide
spread among ammonites (Kennedy and Cob
ban, 1976). 

The acceptance of kossmaticeratid affinities 
of the four morphospecies brings further 
results. I agree with Matsumoto's presump
tion (Matsumoto, 1981, 1991) that the origin 
of lineages with such dimorphs can be traced 
back to the Coniacian, or further, to the 
Turonian (Figure 7) though examples from 

1 

adapertural 

<' 

3 

2 

adapical 
.... 

" .... :: .. : .. 4 

Figure 16. Comparison on collar rib of Yo
koyamaoceras ishikawai (limbo) <M> with that of a 
true puzosiine at the same shell size (D = approxi
mately 100 mm). 3 and 4 are schematic profiles of 
collar ribs. 1,3, Y. ishikawai (limbo) <M>. 2,4, 
Mesopuzosia pacifica Matsumoto. A sharp, deep 
furrow between the collars on the shell surface is one 
of the characteristic features of kossamaticeratids. It 
does not develop in shells of true puzosiines. 

lower stratigraphic horizons are rare. 
"Neopuzosia haboroensis" (m) and "Yo
koyamaoceras jimboi" (m) possibly originat
ed in Yokoyamaoceras yokoii (m), Y. mini
mum (m) or Y. kotoi (m) (Figures 4-15,4-
16) of Turonian-Coniacian age via some 
intermediate forms (Figures 4-13, 4-14). 

On the other hand, the macroconch "Neop
uzosia ishikawai" of Santonian-early 
Campanian age can be traced likewise to the 
species of Turonian-Coniacian Kossm a ticer
as (M), which is contemporaneous with the 
above Yokoyamaoceras species (m). The 
shell ornament may weaken simultaneously, 
in parallel, in both macroconchs and mi
croconchs (Figure 7). Such simultaneous 
change provides powerful arguments in sup
port of dimorphism (Callomon, 1981), 
though the morphologic change of the ma
croconch during the Santonian to lower 
Campanian is slight. 

Handling of such dimorphic "species" 
involves several complicated nomenc1atorial 
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problems debated by some paleontologists 
(e.g., Westermann, 1969; Callomon, 1981). 
I lump the four nominal species in a single 
evolutionary biospecies belonging to the fam
ily Kossmaticeratidae. Thus the microconch 
genus Yokoyamaoceras Wright and Mat
sumoto, 1954, and specific epithet of the 
macroconch: ishikawai of "Desmoceras ishi
kawai limbo, 1894," are adopted in the 
revised nomenclature of the species. 

Conclusion 

Three supposed puzosiines, Neopuzosia 
ishikawai (limbo, 1894), N. japonica (Spath, 
1922), and N. haboroensis Matsumoto and 
Inoma, 1972, and a kossmaticeratid Yo
koyamaoceras jimboi Matsumoto, 1955, oc
curring from the Santonian to the lower 
Campanian sequence of the Yezo Group in 
Hokkaido, Sakhalin and Koryak
Kamchatka, are not independent biospecies 
but dimorphs of a single species of Koss
maticeratidae, Yokoyamaoceras ishikawai 
(limbo, 1894) revised here (Figure 7). The 
mode of ontogenetic shell growth, particular
ly the umbilicus, reveals a kossmaticeratid 
origin for Y. ishikawai. Thus the dimorphic 
lineage can be traced back to Kossmaticeras 
(M) and Yokoyamaoceras (m) of Conia
cian-Turonian age. 

Though little has been investigated about 
dimorphism, there are several contemporane
ous pairs of nontuberculate and tuberculate 
genera in the family Kossmaticeratidae, e.g., 

M arshallites and Eomadrasites in the 
Cenomanian, and Maorites and Jacobites of 
the Campanian. The ancetral Kossmaticer
as and the descendent Kitchinites should, 
therefore, be more closely investigated to 
determine the nature of their dimorphism. 

Yokoyamaoceras ishikawai is a peculiar 
"false puzosiine" showing homeomorphy 
with Mesopuzosia. On the other hand, true 
puzosiines such as Puzosia and descendant 
Mesopuzosia attain large shell size, and are 
fairly abundant through the Albian to 

Coniacian of the Yezo Group in Hokkaido 
and Sakhalin (Matsumoto, 1988; Maeda, 
1991). However, they almost disappear in 
the upper Coniacian. Y. ishikawai might 
possibly have adapted to the vacated niche of 
such true puzosiines during the Santonian 
and early Campanian, and succeeded in sur
viving in the Far East region of the northern 
hemisphere where Late Cretaceous koss
maticeratids are otherwise unknown. 

In addtion, the umbilical ontogeny of 
Mesopuzosia and Hauericeras is quite 
different from that of other desmocerataceans 
(Figure 15). This casts doubt on the 
puzosiine origin of Kitchinites, and may also 
indicate a need for further phylogenetic re
examination of the Puzosiinae and Hauericer
atinae in the large superfamily Desmocer
ataceae (Wright, 1981). 
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Systematic paleontology 

Superfamily Desmocerataceae Zittel, 1895 
Family Kossmaticeratidae Spath, 1922 

Subfamily Kossmaticeratinae Spath, 1922 

Genus Yokoyamaoceras Wright 
and Matsumoto, 1954 

Type species.-Holcodiscus kotoi Jimbo, 
1894, p. 33, pI. 5, figs. 2, 2a, b, by original 
designation of Wright and Matsumoto (1954). 

Synonym.-Neopuzosia Matsumoto, 1954 
[type species: Kitchinites japonicus Spath, 
1922]. Yokoyamaoceras and Neopuzosia 
were proposed in the same year, but the date 
of publication for the former is July 31, while 
that of the latter is October 30. 

Diagnosis.-A dimorphic genus of moder
ately involute or evolute, somewhat com
pressed shells with prorsiradiate ribs truncat
ed somewhat obliquely by well-marked peri
odic constrictions, which are associated with 
a double collar rib. The cross section 
exhibits temporal umbilical reduction, form
ing an umbilical break at the second to fo'urth 
whorl stage. Macroconch three or four times 
larger than lappeted microconch, but never 
attains a large size. Alternate or opposite 
ventrolateral tubercles appear in some adult 
microconchs. 

Occurrence.-Middle Turonian to lower 
Campanian of Hokkaido, Sakhalin, Koryak
Kamchatka, France, California, British 
Columbia, Argentine, and Antarctica. 

Yokoyamaoceras ishikawai (Jimbo, 1894) 

Figures 3,4-1-4-14,6,9,10-1-10-3 

Macroconch.-
Desmoceras gaudama (Forbes). Yokoyama, 1890, p. 

184, pI. 19. figs. 5a, b. 
Desmoceras ishikawai Jimbo, 1894, p. 28, pI. 17, figs. 

5a, b. 
Kitchinites japonicus Spath, 1922, p. 127. 

Kitchinites ishikawai (Jimbo). Spath, 1922, p. 127. 
Neopuzosia japonica (Spath). Matsumoto, 1954b, p. 

91, pI. 17, figs. 1,2; pI. 18, figs. 1-4; pI. 23, fig. 
1 ; Matsumoto, 1963, p.29, pI. 45, figs. 5a, b; 
Matsumoto, 1988, p. 11 ; p.82, figs. 31 A-F, 32A, 
33A-C. 

Neopuzosia ishikawai (Jimbo). Matsumoto, 1954b, 
p. 94, pI. 19, figs. 1-4; pI. 23, figs. 2a-d (see for 
complete synonymy); Matsumoto, 1963, p.43, 
pI. 60, fig. 5; Vereshchagin, Kinasov, Paraket
soy, and Terekhova, 1965, p.50, pI. 53, figs. la, 
b; pI. 54, fig. I ; Matsumoto, 1988, p. II, figs. 
32B-H,33I-K. 

Kitchinites (Neopuzosia) japonicus Spath. Wright, 
1957, p. 367; Haggart and Ward, 1989, p.220, 
fig~ 3.6,5.9-5.12,~ 

Kitchinites (Neopuzosia) ishikawai (Jimbo). Wright, 
1957, p. 367. 

Microconch.-
Y okoyamaoceras kotoi Matsumoto, 1955, p. 152, 

text-fig. 12. 
Yokoyamaoceras jimboi Matsumoto, 1955, p.152-

153, fig. 13; pI. 9, figs. 4a, b, 5a, b (see for com
plete synonymy); Matsumoto, 1956, pI. 16, figs. 
5a, b; Alabushev and Alabusheva, 1988, figs. 5, 
6; Matsumoto, 1991, p. 100, pI. 22, fig. 7; pI. 23, 
figs. I, 2. 

Kitchinites (Neopuzosia) haboroensis Matsumoto and 
Inoma, 1972, p. 384, pI. 47, figs. 5, 6. 

Kitchinites (Neopuzosia) aff. haboroensis (Matsumoto 
and Inoma). Obata, Futakami, Kawashita, and 
Takahashi, 1978, p. 144, fig. 6, pI. I, figs.4a-c. 

Kitchinites (Neopuzosia) cf. japonicus (Spath). 
Obata, Futakami, Kawashita, and Takahashi, 
1978, p. 143, pI. 2, figs. 2a-c. 

Yokoyamaoceras aff. jimboi Matsumoto. Kennedy, 
1986, p. 25, fig. 8-E; pI. I, figs. 6-8. 

Diagnosis.- Yokoyamaoceras of com
pressed (BjH=0.6-0.7 in adult <M»), 
Puzosia-like shell with very fine, weak, 
flexuous ribs numbering 30-50 per half a 
whorl, and periodic constrictions numbering 
6-8 per whorl. A biconcave constriction 
and a pair of lappets appear at the aperture of 
adult microconch. The lower Santonian 
microconch has impersistent, alternate 
ventrolateral tubercles, numbering 6-18 per 
70' -240' of a volution. 

Lectotype.-UMUT. MM7507 (= lectotype 
of Desmoceras ishikawai Jimbo, 1894, a 
macroconch of middle growth stage), 
designated by Matsumoto (1954, p. 94, as 
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Table 3. Dimensions (in mm) and ratios of Yokoyamaoceras ishikawai (limbo, 1984). I, 
measurements of middle- to full-grown shells. 2, measurements of ontogenetic growth 
of UMUT. MMI8365 <M), from the upper Santonian of the Kotambetsu River (Loc. 
KT-5031). -: calculated value; D: shell diameter; H: whorl height; B: whorl 
breadth; U: diameter of umbilicus; Rib/HW: number of ribs per half a whorl; 
Tbc/WV: number of ventrolateral tubercles per whorl volution; WV (7C): whorl 
volution in 7C (= 180·) scale; R: whorl radius; c: umbilical radius; <L): 
lectotype; (PC): protoconch. 

(I) 

< Macroconch) 

MM6642 

MM7507 <L) 

MM6637 

MMI8340 

MMI8337 

MMI8341 

<Microconch) 

MM18359 

MM18357 

MM18351 

GK. H.5654 

(2) 

D 

26.8 

37.7 

54.0 

80.2 

94.7 

-134 

D 

27.1 

32.1 

37.2 

30.2 

H 

9.8 

15.5 

23.0 

30.2 

37.1 

-50 

H 

10.9 

13.2 

15.5 

10.8 

B 

8.8 

13.3 

18.0 

23.2 

25.1 

30.7 

B 

9.1 

10.9 

11.3 

7.8 

B/H 

0.90 

0.86 

0.78 

0.77 

0.68 

-0.61 

B/H 

0.84 

0.83 

0.73 

0.72 

U 

8.6 

12.2 

17.1 

28.0 

31.0 

50.3 

U 

9.6 

10.8 

11.9 

11.1 

U/D% 

32 

32 

32 

35 

33 

-38 

U/D% 

35 

34 

32 

37 

Rib/HW 

54 

45 

41 

26 

32 

Tbc/WV 

11/130· 

10/140· 

6/ 70· 

WV (7C) R B C D H B/H U UjD% 

(PC) 0.585 0.328 

1 0.313 0.588 0.011 0.477 0.302 1.947 0.0 

2 0.428 0.648 0.112 0.741 0.316 2.165 0.123 16.6 

3 0.572 0.681 0.203 1.000 0.369 1.846 0.315 31.5 

4 0.776 0.913 0.221 1.348 0.555 1.645 0.424 31.5 

5 1.111 1.238 0.271 1.887 0.840 1.474 0.492 26.1 

6 1.541 1.541 0.293 2.652 1.248 1.235 0.564 21.3 

7 2.081 1.954 0.392 3.622 1.689 1.157 0.685 18.9 

8 2.827 2.315 0.702 4.908 2.125 1.089 1.094 22.3 

9 3.989 3.302 1.107 6.816 2.882 1.146 1.809 26.5 

10 5.629 4.305 1.658 9.618 3.981 1.081 2.755 28.6 

11 8.278 5.877 2.596 13.907 5.682 1.034 4.244 30.5 

12 12.119 7.838 3.776 20.397 8.343 0.940 6.372 31.2 

13 18.105 10.369 5.629 30.224 12.476 0.831 9.405 31.1 

123 
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"Neopuzosia ishikawai"), from the Santonian 
of the Obirashibe River, northwest Hokkaido, 
Japan. 

Material.-More than eighty specimens 
from the upper part of the Yezo Group at 
various points in Hokkaido and Sakhalin. 
UMUT. MM6624-6639, 6640-6644, 6675, 
6883, 7507, 7623a, b, 7624a, b, 7625a, b, 7626, 
7697,7698,7700,9137,18330-18353,18365-
18370,18376,18380-18387; GK. H3366, 
5143,5201,5654-5656. 

Dimensions.-Shown in Table 3. 
Description.-Protoconch ellipsoidal, 0.5 

mm wide and 0.3 mm diameter. Whorl glob
ular at first. The umbilicus narrows tempo
rally in the second to early fifth whorl stage 
(1.3-7 mm shell diameter). In the third 
whorl stage (0=2-3 mm; U/D = 20%), a 
sharp umbilical break appears in the cross 
section. 

After the fifth whorl stage (0 ~ 9 mm), the 
coiling becomes moderately evolute, with 40% 
of the previous whorl being covered. The 
rather shallow umbilicus comprises 30-35% of 
the diameter. The whorl section becomes 
compressed with growth, with the maximum 
breadth towards the inner flank. Slightly 
convex flanks converge to the rounded 
ventrolateral shoulders. 

Very fine, flexuous prorsiradiate ribs are 
distinct from a diameter of 15 mm. The ribs 
arise at the umbilical margin, being gently 
flexed on the inner flank, and bend forwards 
across the outer flank and ventrolateral shoul
der to project over the venter in a fairly strong 
convexity. These primary ribs bifurcate once 
or twice on the mid-flank, and loop across the 
venter, while shorter ribs are also intercalated. 

Narrow, deep, prorsiradiate periodic con
strictions numbering 6-8 per a whorl, appear 
at less than 5 mm diameter. They are 
straight on the inner flank, but sweep for
wards over the venter in a deep convexity. 
Double collar ribs, interspaced with a deep 
furrow, flank the constrictions and become 
obvious in adults. The prominent adapical 
collar subdivides across the ventrolateral 

shoulder to give rise to two or four riblets 
arranged in a virga toto me pattern. Para
bolic lines commonly appear in front of the 
periodic constrictions. 

Phragmocones have 12-14 septa per whorl. 
Body chamber length ranges from 2400 to 2800 

of a volution. Sutures with a large tripartite 
L and retracted umbilical elements, are vari
able. Macro- and microconchs are identical 
in overall shell morphology up to 15-20 mm 
diameter, and thereafter become dimorphic. 

Macroconch <M>.-Fully grown shell 
comprises 8-9 whorls (90-140 mm diameter). 
The expansion rate decreases slightly in the 
adult body chamber, and the aperture 
becomes narrower. The ribbing coarsens 
somewhat and numbers 25-30 per half a 
whorl, strengthening particularly on the 
periphery. Aperture simple. Tubercles 
never develop. 

Microconch <m>.-Fully grown shell, com
prising 6-7 whorls, is 25-40 mm in diameter. 
In lower Santonian forms, alternate 
ventrolateral tubercles appear at 15-20 mm 
diameter, and extend to the early half of the 
adult body chamber. They sometimes give 
rise to two or three fine ribs which loop across 
the flank and converge at the umbilical mar
gin. The upper Santonian to lower 
Campanian forms have no tubercles. The 
adapical collars are bullate on the venter in 
some microconchs. Finally, a biconcave 
constriction, which is in close proximity to 
the last normal constriction, paired lappets, 
and a rostrum appear at the aperture. The 
lappets are simple, tapering, and 2-5 mm 
long. 

Discussion.-UMUT. MM7623a (Figures 
4-7,4-8) and MM7623b, which have a 
depressed body chamber (= larger B/H ratio; 
Figure 13), were previously assigned to Y. 
kotoi by Matsumoto (1955, p. 152, figs. 12, 
13). However, these can be discriminated 
from Y. kotoi by irregular, less extensive 
tuberculation (about 1600 in a volution), and 
there are many intermediates between 
depressed forms and typical "jimboi." 
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Therefore, these can be included in the varia
tion of the present species <m). 

Y. ishikawai is very closely related to 
Coniacian Kossma ticeras theobaldianum 
paucicostatum Matsumoto, 1955 <M) and 
Yokoyamaoceras kotoi (limbo, 1894) or Y. 
minimum Matsumoto, 1956 <m) in many 
respects. The species is, however, di
scriminated from such Coniacian forms by a 
more compressed shell form, finer, weaker 
ribbing <M, m), and more irregular tuber
culation <m). The macroconch of this 
species also resembles the possible descendent 
Kitchinites (Kitchinites), particularly K. (K.) 
brevicostatus (Marshall) from the upper 
Campanian to Maastrichtian of the Mata 
Series, New Zealand in possessing fine, 
flexuous prorsiradiate ribbing (Henderson, 
1970, p. 32, pI. 13, fig. 4). The latter is, how
ever, much more compressed than the present 
species. 

In addition, "Neopuzosia matsumotoi Col
lignon, 1961" from the Coniacian of 
Madagascar (Collignon, 1961, p.54, pI. 23, 
fig. 1) should be rather regarded as a true 
puzosiine, Mesopuzosia as already stated by 
Howarth (1965) and Matsumoto ( 1988), 
because it never has double collar ribs. 

Occurrence.-From the lower Santonian to 
lower Campanian in Hokkaido, Sakhalin, 
Koryak-Kamchatka, and British Columbia, 
California, and France. In Hokkaido and 
Sakhalin, tuberculate microconchs (=" Y. 
jimboi") are stratigraphically confined to the 
main part of the Inoceramus (Inoceramus) 
amakusensis Zone in the lower Santonian. 
Nontuberculate microconchs (= "N. haboro
ensis") are succeeded stratigraphically by 
tuberculate ones in the uppermost lower 
Santonian to lower Campanian ( = uppermost 
part of l. (I.) amakusensis Zone, and l. 
(Platyceramus) japonicus and l. (Sphenocer
amus) schmidti Zones). 

Macroconch <M) (=" N. japonica") also 
occurs from the Santonian to lower 
Campanian in British Columbia and Washi
ngton (Haggart and Ward, 1989). Tuber-

culate microconch <m) (=" Y. jimboi") is 
only known from the lower Campanian In 

France (Kennedy, 1986). 
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Palaeontological Society of Japan (PSJ) Council Actions 

During its meeting on January 28, 1993, the PSJ Council enacted the following 
changes to its membership. 

New members elected: 

Naoko Egi, 

Takeo Ichimura, 

Kazuya Kinoshita, 

Takahisa Makiguchi, 

Eiichi Nishimura, 

Robert M. Ross, 

Manabu Sugisawa, 

Kazuhito Yamasaki, 

Katsuhiko Yoshida, 
Jie Yu. 

New Fellows approved: 
Masao Futakami, 

Yasufumi Iryu, 

Yoshikazu Noda, 

Seiichi Suzuki, 

Resigned members: 

(Ordinary members) : 

Kunio Kanamori, 

Toshiaki Suyama, 

Deceased members: 
(Fellows) 

Y oshihisa Ohta, 

Kiyofumi Hasegawa, 
N aoki Ikegami, 

Katsuhiko Kishi, 

Katsutomo Mano, 

Hiroshi Oguri, 

Kazuhisa Sasaki, 

Kenshu Shimada, 

Keiji Yamasaki, 
Atsushi Yoshino, 

Yukio Gunji, 

Akihiro Kano, 

Kenichi Saiki, 

Hitoshi Tanaka, 

Hiroaki Kobayashi, 

Shuichi Yanai. 

Susumu Matsushita. 

Masashi Hirano, 
Yasuhiro Itoh, 

Naoki Kitamura, 

Tsuneo Nakajima, 

Hirokazu Ozawa, 

Shinichi Sato, 

Kazuo Tomita, 

Tetsuji Yamasaki, 
Ryuichiro Watanabe, 

Hiroshi Hayakawa, 

Yasuo Kondo, 

Takeshi Setoguchi, 

Yukio Yanagisawa. 

Mika Shigei, 

New Honarary members approved by the 1993 Annual Meeting of the Society held 

on 29, January, 1993. 
Keiji Nakazawa, Katsura Oyama. 
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