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LATE PERMIAN (CHANGHSINGIAN) BRACHIOPODS FROM THE
TOYOMA FORMATION, SOUTH KITAKAMI BELT, JAPAN

Jun-ichi TAZAWA

Hamaura-cho 1-260-1, Chuo-ku, Niigata 951-8151, Japan
ABSTRACT

This study describes 35 species of late Permian (Changhsingian) brachiopods in 28 genera (including one new
species, Edriosteges kotlyari sp. nov.) from the upper part of the Toyoma Formation in the eastern (Maeda area) and
central (Kanayashiki and Nabekoshiyama areas) parts of the South Kitakami Belt (southern Kitakami Mountains),
northeastern Japan. Based mainly on brachiopod biostratigraphy, the upper part of the Toyoma Formation is correlated
with the Changhsingian. In terms of palaeobiogeograpy, the Changhsingian brachiopod assemblage is a mixed
Boreal-Tethyan fauna, and has a close affinity with that of the Maizuru Belt, southwestern Japan. Thus, during the
latest Permian, the South Kitakami region was a part of the Sino-Mongolian—Japanese Province located between the
Boreal and Tethyan realms in the middle latitudes of the Northern Hemisphere. This region was probably a deep sea
bordering a microcontinent (the Proto-Japan Block), which was located east of the North China Block at the eastern
end of the Central Asian Orogenic Belt during the Changhsingian.
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INTRODUCTION

This paper is the sixth and final contribution in a series
on the early Carboniferous (Tournaisian) to late Permian
(Changhsingian) brachiopods of the South Kitakami Belt,
northeastern Japan. In the first of the series (Tazawa, 2018b),
I described the Tournaisian and Visean brachiopods from the
Hikoroichi Formation of the Hikoroichi area, eastern part of the
belt. The second contribution (Tazawa et al., 2019) addressed
the Tournaisian and Visean brachiopods from the Karaumedate
Formation in the Nagasaka area, western part of the belt. The
third of the series (Tazawa, 2020) considered the Tournaisian
and Visean brachiopods from the Shittakazawa, Arisu and
Odaira Formations in the central part of the belt (Shimoarisu,
Yokota, Yahagi, Nisawa, Okuhinotsuchi and Shizu areas). The
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fourth contribution (Tazawa and Shintani, 2022) addressed the
Sakmarian and Kungurian brachiopods from the Nagaiwa-—
Sakamotozawa area, eastern part of the belt, and the fifth of
the series (Tazawa and Ibaraki, 2023) was concerned with
the Roadian—Capitanian, mostly Wordian brachiopods from
the central part of the belt (Setamai, Kamiyassse—Imo and
Matsukawa areas). In the present study, the last of the series, I
describe the latest Permian (Changhsingian) brachiopods from
the Toyoma Formation in the eastern (Maeda area) and central
(Kanayashiki and Nabekoshiyama areas) parts of the South
Kitakami Belt.

Upper Permian marine sedimentary rocks are widely
distributed in the central to southwestern parts of the South
Kitakami Belt. The upper Permian succession of the South
Kitakami Belt consists mostly of black shale, often associated
with thick sandstone and conglomerate. The upper Permian
deposits are considered to be deep-sea (bathyal zone) sediments
with slump deposits (Kamada, 1990, 1998). Fossils are scarcer
than in the other Carboniferous and Permian formations of the
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FIGURE 1. Maps showing the location and geology of the Maeda, Kanayashiki and Nabekoshiyama areas, South Kitakami Belt, northeastern Japan.
A, Geotectonic map of the Japanese Islands, showing the distribution of the South Kitakami Belt (based on Tazawa, 2018a); B, geotectonic map of the
northeastern Honshu, Japan, showing the distribution of the Permian rocks in the South Kitakami Belt (based on Kawamura et al., 2013).

South Kitakami Belt. In this paper, I describe brachiopods from
the upper part of the Toyoma Formation (Onuki, 1956, 1969) in
the Maeda area (in Ikawa-cho, Ofunato City, Iwate Prefecture),
the Kanayashiki area (in Yahagi-cho, Rikuzentakata City,
Iwate Prefecture) and the Nabekoshiyama area (in Kesennuma
City, Miyagi Prefecture) (Figs. 1-3), and discuss the age and
palaeobiogeography of the brachiopod faunas. I collected
most of the brachiopod specimens described in this paper at
Nabekoshiyama in 1972-1974, during the course of graduate
studies at Hokkaido University under the supervision of M.
Minato. Other specimens from Maeda and Nabekoshiyama were
collected by Y. Miyake and H. Araki.

PREVIOUS WORK
Stratigraphy

Previous studies on the stratigraphy of the upper Permian
rocks in the Maeda area are summarized in Fig. 4. Until now, no
detailed geological map of the Maeda area has been published;
thus, the stratigraphy of the upper Permian rocks in the area has
not been established. In early studies, the upper Permian rocks
of the area were considered to be lower to middle Permian,
and were named the Maiya Group (Yabe and Sugiyama, 1937),
“the Lower—Middle Permian” (Onuki, 1956), and the Kanokura
Series (Minato et al., 1979). Ehiro (1996) first recognized

the uppermost Permian (Changhsingian) in the Maeda area
based on two ammonoid species, Paratirolites compressus
and Paratirolites sp., although the fossil-bearing shale was not
named. Subsequently, Tazawa (2008a) and Tazawa and Miyake
(2011) named the uppermost Permian rocks the upper Toyoma
Formation based on lithology and the presence of several
brachiopod species, including Tethyochonetes sp. (=Fusichonetes
sp.), Lamnimargus peregrinus, and Choristitella wynnei.
Previous studies on the stratigraphy of the upper Permian
rocks in the Kanayashiki area are summarized in Fig. 5. Initially,
the black shale-dominated formation overlying the middle
Permian succession in Kanayashiki was named the Futatsumori
Formation by Shiida (1940). Subsequently, Onuki (1956)
named the same unit the Kowaragi Formation. This scheme was
employed by Ehiro (1974, 1977), although he proposed the name
“Kanayashiki Sandstone Member” for a thick sandstone with
conglomerate in the upper part of the formation. Murata and
Shimoyama (1979) considered that the Kanayashiki Sandstone
Member is the northwestern extension of the lower part of the
Toyoma Formation of Kowaragi in the Karakuwa area, based
on mollusc fossils (Euphemitopsis kitakamiensis, Astartella
toyomensis and Pseudopermophorus uedai). However, Tazawa
(1982) correlated the formation with thick sandstone of the
Toyoma Formation (Changhsingian) in Nabekoshiyama, based
on lithology and the occurrence of the brachiopod Oldhamina
kitakamiensis, which resembles the Changhsingian Oldhamina
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FIGURE 2. Views of the Nabekoshiyama area. A, Eastern slope of the Mt. Nabekoshiyama; B, upper stream of the Komagomesawa
Valley.
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FIGURE 3. A, Outcrop of black shale in the upper part of the Toyoma Formation at the middle stream of the Komagomesawa Valley; B,
outcrop of calcareous sandstone in the upper part of the Toyoma Formation at the upper stream of the Komagomesawa Valley.
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FIGURE 4. Comparison of stratigraphic schemes proposed for the upper Permian formations in the Maeda area, South Kitakami Belt.
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FIGURE 6. Comparison of stratigraphic schemes proposed for the upper Permian formations in the Nabekoshiyama area, South

Kitakami Belt. NSM: Nabekoshiyama Sandstone Member.

species of South China.

Previous studies on the stratigraphy of the upper Permian
rocks in the Nabekoshiyama area are summarized in Fig. 6.
In the early studies, Shiida (1940) named the Permian rocks
of the Kesennuma area (including the Nabekoshiyama area)
the Kamiyasse Formation. Subsequently, Kambe and Shimazu
(1961) named the Permian rocks the Kanokura Group, and Ehiro
(1974) called the same rocks the Nabekoshiyama Formation.
All of these workers regarded the age of the Permian rocks as
Cisuralian—Guadalupian or Guadalupian based on the sandstone-
dominated lithology. Tazawa (1975, 1976) clarified the age
of the formation as Changhsingian based on foraminifers
(Colaniella parva and Paracolaniella leei) and brachiopods
(Tschernyschewia typica, Paramarginifera japonica, Eolyttonia
cf. nakazawai and other taxa), and considered that the formation
was located stratigraphically higher than the Guadalupian
Kanokura Series; he regarded the formation as being the upper
part of the Toyoma Formation. This conclusion was supported
by Ehiro (1977), Tazawa (1978), Yoshida et al. (1995) and
Kobayashi (2002). In this paper, the “Nabekoshiyama Sandstone
Member” is proposed for the thick sandstone-dominated
sequence in the upper part of the Toyoma Formation in the
Nabekoshiyama area.

Palaeontology

There have been few studies on the invertebrate fossils, with
the exception of the brachiopods, from the upper part of the
Toyoma Formation in Maeda, Kanayashiki and Nabekoshiyama.
Until now only a few species of the foraminifers, pelecypods
and ammonoids have been described: Colaniella parva,
Paracolaniella leei, Nanlingella cf. meridionalis and
Palaeofusulina sp. from Nabekoshiyama (Tazawa, 1975;
Kobayashi, 2002); Girtypecten cf. beipeiensis and Etheripecten?
sp. from Maeda (Nakazawa, 1998) and Actinodontophora
katsurensis from Nabekoshiyama (Nakazawa and Newell,
1968); and Paratirolites compressus and Paratirolites sp.
from Maeda (Ehiro, 1996). In contrast, taxonomic studies on
the brachiopods are plentiful. Tazawa (2008a) and Tazawa
and Miyake (2011) described the following 15 species in
14 genera from Maeda: Tethyochonetes sp., Lamnimargus
peregrinus, Compressoproductus cf. mytiloides, Richthofenia
sp., Petasmaia ehiroi, Derbyia sp., Geyerella ofunatoensis,
Geyerella sp., Tropidelasma sp., Enteletes andrewsi, Orthotichia
sp., Hustedia minuta, Attenuatella sp., Choristitella wynnei
and Callispirina sp. Tazawa (1982) described one species,
Oldhamina kitakamiensis, from Kanayashiki. Tazawa
(1975, 2012) and Tazawa and Araki (2014) described 28
species in 21 genera from Nabekoshiyama: Neochonetes sp.,
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FIGURE 7. Map showing the fossil localities MED1 and MED?2 in the Maeda area (using the electronic topographical map of GSI).

Spinomarginifera lopingensis, Lamnimargus peregrinus,
L. japonicus, Linoproductus sp., Megousia auriculata, M.
nakamurai, Terrakea nabekoshiyamensis, Orthothrix sudoi,
Edriosteges sp. A, Tschernyschewia typica, Eolyttonia tenuis, E.
mira, Oldhamina squamosa, O. anshunensis, O. kitakamiensis,
O. ehiroi, Derbyia sp., Meekella sp., Enteletes sp., Peltichia
cf. transversa, Orthotichia sp., Hustedia indica, H. minuta,
Attenuatella bandoi, Martinia sp., Choristitella wynnei and
Spiriferellina cristata.

In terms of biostratigraphy, Tazawa (1975) first recognized the
Changhsingian age of the upper part of the Toyoma Formation
in Nabekoshiyama based on foraminifers (Colaniella parva
and Paracolaniella leei) and brachiopods (Paramarginifera
Jjaponica and Eolyttonia cf. nakazawai). Ishii et al. (1975) also
documented upper Perman foraminifers (Colaniella minima,
Palaeofusulina sp. and other taxa) from Nabekoshiyama, but
these specimens were not described. In Kanayashiki, Tazawa
(1982) assigned the upper part of the Toyoma Formation to the
Changhsingian based on the sole brachiopod species, Oldhamina
kitakamiensis. In Maeda, Ehiro (1996) found Changhsingian
ammonoids (Palatirolites compressus and Paratirolites sp.),
and Nakazawa (1998) described Changhsingian pelecypods
(Girtypecten cf. beipeiensis and Etheripecten? sp.). Subsequently,
Kobayashi (2002) described the Changhsingian foraminifers
Colaniella parva and Palaeofusulina sp., Paracolaniella leei,
Nanlingella cf. meridionalis and Palaeofusulina sp. from

Nabekoshiyama. Tazawa and Miyake (2011) described the
Changhsingian brachiopods from Maeda, and Tazawa (2012)
described those from Nabekoshiyama.

In terms of palaecobiogeography, Nakazawa (1988) reported
that the Changhsingian pelecypods (Girtypecten cf. beipeiensis
and Etheripecten? sp.) from Maeda showed an affinity with the
bivalve fauna of South China. Kobayashi (2002) proposed that
the Nabekoshiyama foraminifer fauna, consisting of Colaniella
parva, Nanlingella cf. meridionalis and Palaeofusulina sp.,
belonged to the Tethyan Province, and was allied to the late
Permian faunas known from the Maizuru and Kurosegawa belts
of southwestern Japan, South China and Southeast Asia. In
contrast, Tazawa (2008a) considered that the brachiopod genus
Lamnimargus from the upper Toyoma Formation of Maeda
was an anti-tropical genus distributed in the middle-latitude
areas of both Northern and Southern Hemispheres, meaning
that the South Kitakami region, including Maeda, was located
in the mid-latitude area of the Northern Hemisphare, probably
near eastern Russia (South Primorye), northeastern China and
northern China (Inner Mongolia). Subsequently, Tazawa and
Miyake (2011) proposed the Maeda brachiopod fauna was a
mixed Boreal and Tethyan fauna, and that the area was located
near North China during the late Permian. Tazawa (2012)
proposed that the Nabekoshiyama brachiopod fauna was a mixed
Boreal and Tethyan fauna, and was allied with the late Permian
fauna of South Primorye, eastern Russia.
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FIGURE 8. Map showing the fossil locality KNY1 in the Kanayashiki area (using the electronic topographical map of GSI).

STRATIGRAPHY

Upper Permian rocks of the Toyoma Formation are exposed
in the Maeda, Kanayashiki and Nabekoshiyama areas, forming
three subparallel synclines that trend NNW-SSE and plunge
gently towards the south (Fig. 1; Minato et al., 1979, fig. 2k-
1). The upper Permian successions of these areas consist mostly
of black shale with subordinate sandstone, conglomerate and
limestone. In two areas (Kanayashiki and Nabekoshiyama), thick
sandstones are developed.

Maeda

The upper Permian succession of the Maeda area composed
mainly of black to dark grey shale, with subordinate sandy shale,
sandstone and conglomerate (Ehiro, 1996). The total thickness is
unknown. These strata strike NNW-SSE to NW-SE and dip 40—
80°W. Brachiopod fossils were collected from dark grey sandy
shale at two localities MED1 and MED?2 (Fig. 7). Tazawa (2008a)
regarded the shale-dominated beds as the upper part of the
Toyoma Formation on the basis of lithology and fossil content;
i.e., the Changhsingian ammonoids and pelecypods described by
Ehiro (1996) and Nakazawa (1998), respectively.

Kanayashiki

The upper Permian of the Kanayashiki area (Fig. 8) is more
than 1,000 m thick, and consists mostly of alternating black shale
and dark grey sandstone, with a comparatively thick sandstone
and conglomerate unit (the Kanayashiki Sandstone Member)
in the upper part (Fig. 9; Ehiro, 1974). A single specimen of
the brachiopod Oldhamina kitakamiensis was collected from
calcareous shale float at locality KNY1, and was probably
derived from the Kanayashiki Sandstone Member (exact horizon
is unknown).

Nabekoshiyama

The upper Permian Toyoma Formation is exposed in the
Nabekoshiyama area, forming the core of a syncline that trends
NW-SE and plunges SE (Figs. 10, 11). According to Tazawa
(1975), the upper Permian rocks in the Nabekoshiyama area are
mostly composed of black shale and sandstone with subordinate
conglomerate and limestone, with a total thickness of more than
700 m. The lower part consists of black shale that is more than
330 m thick. The upper part is subdivided into two parts: the
lower interval contains mostly sandstone with subordinate black
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FIGURE 9. Generalized columnar section of the upper part of the
Toyoma Formation in the Kanayashiki area (modified from Ehiro, 1974).

PROPOSAL FOR STRATIGRAPHIC UNIT
Nabekoshiyama Sandstone Member

Type locality: Komagomesawa Valley, south of Mt.
Nabekoshiyama, Kesennuma, Miyagi Prefecture, northeastern
Japan. Distribution: Around Mt. Nabekoshiyama, Kesennuma,
Miyagi Prefecture, northeastern Japan. Thickness: 450 m thick.
Lithology: Sandstone with intercalations of conglomerate, shale
and limestone. Fossils occur from sandstone (brachiopods)
and limestone (foraminifers). The stratigraphic succession of
the Nabekoshiyama Sandstone Member in ascending order
is as follows: sandstone with intercalations of limestone and
conglomerate (150 m thick), dark-grey to black shale (100 m
thick), and sandstone with intercalations of limestone, shale and
conglomerate (200 m thick). Fossils: Formainifers (Colaniella
parva, Palaeofusulina sp., etc.) and brachiopods (Lamnimargus
peregrinus, L. japonicus, Spinomarginifera lopingensis,
Edriosteges kotlyari sp. nov., Tschernyschewia typica,
Megousia auriculata, M. nakamurai, Eolyttonia tenuis, E. mira,
Oldhamina squamosa, O. anshunensis, Peltichia transversa,
Orthotichia dorashamensis, Attenuatella bandoi, Choristitella
wynnei, Spiriferellina cristata, etc.). Stratigraphic relationship:
Conformably overlies black shale of the lower part of the
Toyoma Formation, and is in turn conformably overlain by black
shale of the upper part of the Toyoma Formation. References:
Kobayashi, F. 2002. Lithology and foraminiferal fauna of
allochthonous limestones (Changhsingian) in the upper part of
the Toyoma Formation in the South Kitakami Belt, northeast
Japan. Paleont. Res. 6: 331-342; Tazawa, J. 1975. Uppermost
Permian fossils from the Southern Kitakami Mountains,
northeast Japan. Jour. Geol. Soc. Japan. 81: 629—640; Tazawa,
J. 2012. Late Permian (Changhsingian) brachiopod fauna from
Nabekoshiyama in the Kesennuma area, South Kitakami Belt,
northeast Japan. Sci. Rep. Niigata Univ. (Geol.) 27: 15-50.

shale and intercalations of conglomerate, shale and limestone,
and is 450 m thick; the upper interval consists of black shale
that is more than 80 m thick (Fig. 12). Fossil foraminifers
and brachiopods occur in the sandstone and limestone of the
upper part of the Toyoma Formation. The brachiopods of the
Nabekoshiyama area were collected from seven localities (ARG,
AR7,KF105,KF107, KF 108, KF109 and KZ2) in the sandstone
of the upper part of the Toyoma Formation. In this paper I
propose the name “Nabekoshiyama Sandstone Member” for the
thick sandstone-dominated sequence in the upper part of the
Toyoma Formation in the Nabekoshiyama area.

MATERIALS AND FOSSIL LOCALITIES

The brachiopod specimens described herein were collected
from 10 localities (stations) in the Maeda, Kanayashiki and
Nabekoshiyama areas of the South Kitakami Belt. The materials
were collected by H. Araki, Y. Miyake and the present author.
The topographic and stratigraphic locations, lithologies and
brachiopod species from the 10 fossil localities are indicated in
Figs. 7-10, 12, 13, and summarized below. These specimens are

now registered and stored in the Department of Geology, Niigata
University, Niigata (NU-B prefix); the Hokkaido University
Museum, Sapporo (UHR prefix); the Tohoku University
Museum, Sendai (IGPS prefix); and the Kesennuma Board of
Education, Kesennuma, Miyagi Prefecture (KCG prefix).

ARG: Nabekoshiyama area (38°55" 29”N, 141°34" 00" E), upper
Kitsunezakisawa Valley, grey to light brown coarse-grained
sandstone, 435 m above the base of the Nabekoshiyama
Sandstone Member in the upper part of the Toyoma
Formation, with Petasmaia ehiroi.

ART7: Nabekoshiyama area (38°54 58”N, 141°33" 50”E), upper
Takinosawa Valley, dark grey to black shale, 447 m above the
base of the Nabekoshiyama Sandstone Member in the upper
part of the Toyoma Formation, with Attenuatella bandoi.

KF105 (Loc. 6 of Tazawa, 1975): Nabekoshiyama area (38°54’
58”N, 141°33" 42”E), upper Takinosawa Valley, light brown
granule to very coarse-grained sandstone, 394 m above the
base of the Nabekoshiyama Sandstone Member in the upper
part of the Toyoma Formation, with Orthothrix sudoi.

KF107 (Loc. 2 of Tazawa, 1975): Nabekoshiyama area (38°55
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FIGURE 10. Map showing the fossil localities AR6, AR7, KF107, KF108, KF109 and KZ2 in the Nabekoshiyama area (using the electronic topographical
map of GSI).

36"N, 141°33’ 51”E), upper Kitsunezakisawa Valley, 125
m ESE of the summit of Mt. Nabekoshiyama, light brown
granule to very coarse-grained sandstone, 265 m above the
base of the Nabekoshiyama Sandstone Member in the upper
part of the Toyoma Formation, with Lamnimargus japonicus,
Edriosteges kotlyari sp. nov., Megousia auriculata, M.
nakamurai, Orthothrix sudoi, Hustedia indica and Martinia
sp.

KF108 (Loc. 5 of Tazawa, 1975): Nabekoshiyama area (38°55
16"N, 141°33' 46”E), middle Komagomesawa Valley, grey
medium-grained sandstone, 124 m above the base of the
Nabekoshiyama Sandstone Member in the upper part of the
Toyoma Formation, with Neochonetes sp., Lamnimargus
peregrinus, L. japonicus, Spinomarginifera lopingensis,
Tschernyschewia typica, Linoproductus sp., Megousia
auriculata, M. nakamurai, Terrakea nabekoshiyamensis,
Orthothrix sudoi, Eolyttonia tenuis, E. mira, Oldhamina
squamosa, O. anshunensis, O. kitakamiensis, Petasmaia
ehiroi, Derbyia sp., Enteletes andrewsi, Peltichia transversa,
Orthotichia dorashamensis, Hustedia indica, H. minuta,

Choristitella wynnei and Spiriferellina cristata.

KF109 (Loc. 4 of Tazawa, 1975): Nabekoshiyama area (38°55’
28”N, 141°33" 40"E), upper Komagomesawa Valley, grey
calcareous medium-grained sandstone, 135 m above the base
of the Nabekoshiyama Sandstone Member in the upper part of
the Toyoma Formation, with Megousia nakamurai, Eolyttonia
tenuis, E. mira, Oldhamina squamosa, O. anshunnensis and
Petasmaia ehiroi.

KNY1: Kanayashiki area (39°01” 03”N, 141°34’ 13”E), lower
Komasunaizawa Vallley, float, grey coarse-grained sandstone
of the Kanayashiki Sandstone Member in the upper part of the
Toyoma Formation, with Oldhamina kitakamiensis.

KZ2: Nabekoshiyama area (38°55"43”N, 141°33’ 35"E),
upper Koshijisawa Valley, grey fine-grained sandstone, 14 m
above the base of the Nabekoshiyama Sandstone Member in
the upper part of the Toyoma Formation, with Edriosteges
kotlyari sp. nov., Meekella sp. and Orthotichia sp.

MEDI1 (Loc. A of Ehiro, 1996): Maeda area (39°05" 45”N,
141°42" 02”E), railroad-cut at 200 m NW from junction
of railroad (Iwate Kaihatsu Tetsudo) and road (Sanriku
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Jidoshado), upper part of the Toyoma Formation, with
Lamnimargus peregrinus.

MED?2 (Loc. B of Ehiro, 1996): Maeda area (39°05" 50”
N, 141°42" 09”E), roadcut at 300 m NNE from junction
of railroad (Iwate Kaihatsu Tetsudo) and road (Sanriku

Jidoshado), upper part of the Toyoma Formation,
with Fusichonetes sp., Lamnimargus peregrinus,
Compressoproductus cf. mytiloides, Richthofenia sp.
Petasmaia ehiroi, Geyerella ofunatoensis, Tropidelasma sp.,
Enteletes andrewsi, Orthotichia dorashamensis, Hustedia
minuta, Choristitella wynnei and Callispirina sp.

BRACHIOPOD FAUNA

The brachiopods described herein are the following 35 species
in 28 genera: Fusichonetes sp., Neochonetes sp., Lamnimargus
peregrinus (Fredericks, 1924a), L. japonicus (Tazawa, 1975),
Spinomarginifera lopingensis (Kayser, 1883), Edriosteges
kotlyari sp. nov., Tschernyschewia typica Stoyanow, 1910,
Linoproductus sp., Megousia auriculata Muir-Wood and Cooper,
1960, M. nakamurai Tazawa, 1975, Compressoproductus
cf. mytiloides (Waagen, 1884), Terrakea nabekoshiyamensis
Tazawa. 2012, Orthothrix sudoi Tazawa, 2012, Richthofenia
sp., Eolyttonia tenuis (Waagen, 1883), E. mira (Fredericks,
1916), Oldhamina squamosa Huang, 1932, O. anshunensis
Huang, 1932, O. kitakamiensis Tazawa, 1982, Petasmaia ehiroi
Tazawa in Tazawa and Miyake, 2011, Derbyia sp., Meekella
sp., Geyerella ofunatoensis Tazawa in Tazawa and Miyake,
2011, Tropidelasma sp., Enteretes andrewsi Grabau, 1931,
Peltichia transversa (Huang, 1933), Orthotichia dorashamensis
Sokolskaya, 1965, Orthotichia sp., Hustedia indica (Waagen,
1883), H. minuta Tazawa in Tazawa and Miyake, 2011,
Attenuatella bandoi Tazawa, 1987, Martinia sp., Choristitella
wynnei (Waagen, 1883), Callispirina sp. and Spiriferellina
cristata (von Schlotheim, 1816).

The brachiopods listed above is classified into two faunas
(Maeda and Nabekoshiyama faunas) and sole species Oldhamina
kitakamiensis from Kanayashiki.

Maeda fauna

The Maeda fauna, from the upper part of the Toyoma
Formation in Maeda (localities MED1 and MED?2), includes
12 species in 12 genera. The species are Fusichonetes
sp., Lamnimargus peregrinus, Compressoproductus cf.
mytiloides, Richthofenia sp., Petasmaia ehiroi, Geyerella
ofunatoensis, Tropidelasma sp., Enteletes andrewsi, Orthotichia
dorashamensis, Hustedia minuta, Choristitella wynnei and
Callispirina sp. Of these species, Lamnimargus peregrinus,
Geyerella ofunatoensis and Enteletes andrewsi are abundant;
Richthofenia sp., Tropidelasma sp., Hustedia minuta and
Callispirina sp. are common; and the other species are rare (Fig.
13).

Nabekoshiyama fauna

The Nabekoshiyama fauna, from the upper part of the Toyoma
Formation in Nabekoshiyama (localities KZ2, KF108, KF109,
KF107, KF105, AR6 and AR7), includes 29 species in 22 genera.
The species are Neochonetes sp., Lamnimargus peregrinus, L.
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locality

Species

Maeda
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KF107 | Nabekoshiyama
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FIGURE 13. Occurrence of brachiopod species from the upper part of the Toyoma Formation in the
Maeda, Kanayashiki and Nabekoshiyama areas, South Kitakami Belt. A: abundant, C: common, R: rare.

Jjaponicus, Spinomarginifera lopingensis, Edriosteges kotlyari
sp. nov., Ischernyschewia typica, Linoproductus sp., Megousia
auriculata, M. nakamurai, Terrakea nabekoshiyamensis,
Orthothrix sudoi, Eolyttonia tenuis, E. mira, Oldhamina
squamosa, O. anshunensis, O. kitakamiensis, Petasmaia
ehiroi, Derbyia sp., Meekella sp., Enteletes andrewsi, Peltichia
transversa, Orthotichia dorashamensis, Orthotichia sp.,
Hustedia indica, H. minuta, Attenuatella bandoi, Martinia
sp., Choristitella wynnei and Spiriferellina cristata. Of these

species, Lamnimargus japonicus, Spinomarginifera lopingensis,
Tschernyschewia typica, Megousia nakamurai, Orthothrix
sudoi, Eolyttonia tenuis and Hustedia minuta are abundant;
Neochonetes sp., Lamnimargus peregrinus, Megousia auriculata
and Spiriferellina cristata are common; and the other species are
rare (Fig. 13).

AGE AND CORRELATION
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FIGURE 14. Stratigraphic distributions of the brachiopod species in the
Maeda fauna. Broken line shows range of the genus.

Upper part of the Toyoma Formation

Maeda

The stratigraphic distributions of the brachiopod species of
the Maeda fauna are described in the “Systematic descriptions”
section of the present paper, and summarized in Fig. 14. Of
the brachiopods listed above, four species (Petasmaia ehiroi,
Geyerella ofunatoensis, Orthotichia dorashamensis and
Hustedia minuta) are known only from the Changhsingian;
Choristitella wynnei is known from the Capitanian—
Changhsingian; Lamnimargus peregrinus from the Wordian—
Changhsingian; and Enteletes andrewsi from the Roadian—
Changhsingian. At the generic level, Fusichonetes has a
stratigraphic range of Changhsingian to lowest Triassic (Shen et
al., 2017). In summary, the age of the Maeda fauna is identified
as Changhsingian; thus, the upper part of the Toyoma Formation
in Maeda is correlated with the Changhsingian. This conclusion
is consistent with those of previous studies (Ehiro, 1996;
Nakazawa, 1998), in which the upper Permian successions at
Maeda was assigned to the Changhsingian based on ammonoids
(Paratirolites compressus and Paratirolites sp.; Ehiro, 1996) and
pelecypods (Girtypecten cf. beipeiensis and Etheripecten? sp.;
Nakazawa, 1998).

Kanayashiki

One brachiopod species, Oldhamina kitakamiensis, occurs
in the upper part of the Toyoma Formation (Kanayashiki
Sandstone Member) in Kanayashiki. This species closely
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FIGURE 15. Stratigraphic distributions of the brachiopod species in the
Nabekoshiyama fauna. Broken line shows range of the genus.

resembles Oldhamina anshunensis, from the Changhsingian
of Guizhou, southwestern China, and also occurs in the
upper part of the Toyoma Formation (Nabekoshiyama
Sandstone Member) in Nabekoshiyama. Thus, the age of the
Oldhamina-bearing formation is identified as Changhsingian.
This conclusion is consistent with previous work (Tazawa,
1982), in which the upper part of the Toyoma Formation in
Kanayashiki was correlated with the upper part of the Toyoma
Formation (identified as Changhsingian by Tazawa, 1975) in
Nabekoshiyama on the basis of lithology and brachiopod fossils.

Nabekoshiyama
The stratigraphic distributions of the brachiopod species of
the Nabekoshiyama fauna are described in the “Systematic
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FIGURE 16. Geographic distributions of brachiopod species of the Maeda and Nabekoshiyama faunas with

Oldhamina kitakamiensis from Kanayashiki.

descriptions” section of the present paper, and summarized in
Fig. 15. Of the brachiopod species listed above, nine species
(Lamnimargus japonicus, Megousia nakamurai, Terrakea
nabekoshiyamensis, Orthothrix sudoi, Oldhamina squamosa,
O. kitakamiensis, Petasmaia ehiroi, Orthotichia dorashamensis
and Hustedia minuta) are known only from the Changhsingian;
five species (Edriosteges kotlyari sp. nov., Tschernyschewia
typica, Oldhamina anshunensis, Peltichia transversa and
Attenuatella bandoi) are known from the Wuchiapingian—
Changhsingian; Choristitella wynnei is known from the
Capitanian—Changhsingian; and three species (Lamnimargus
peregrinus, Spinomarginifera lopingensis and Eolyttonia mira)

are known from the Wordian—Changhsingian. In summary,
the Nabekoshiyama fauna is identified as Changhsingian in
age. Thus, the upper part of the Toyoma Formation (including
the Nabekoshiyama Sandstone Member) is correlated with
the Changhsingian. This conclusion is consistent with those
of previous studies (Tazawa, 1975, 2012; Kobayashi, 2002),
in which the age of the upper part of the Toyoma Formation
in Nabekoshiyama was identified as Changhsingian based
on both foraminifers (Colaniella parva and Palaeofusulina
sp.) and brachiopods (Lamnimargus peregrinus, L. japonicus,
Spinomarginifera lopingensis, Tschernyschewia typica,
Oldhamina squamosa, O. anshunensis and O. kitakamiensis).
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FIGURE 17. Late Permian (Changhsingian) reconstruction map of the world (adapted from Ziegler et al., 1997), showing the geographic distribution of
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PALAEOBIOGEOGRAPHY

The geographic distributions of the Changhsingian brachiopod
species of the Maeda and Nabekoshiyama faunas and the
Kanayashiki species (Oldhamina kitakamiensis) are documented
in the “Systematic descriptions” section and are summarized
in Figs. 16 and 17. Of the 25 species (excluding 10 uncertain
species) of Changhsingian brachiopods, five species also occur
in southwestern China (Sichuan); four species also occur in
southwestern China (Guizhou); three species are found in
southwestern Japan (Maizuru Belt) and central-southern China
(Guangxi); and two species are found in central-southern China
(Hubei and Guangdong). Furthermore, the Changhsingian
brachiopod faunas of the South Kitakami and Maizuru belts
include both antitropical (Lamnimargus and Megousia)
and tropical (Spinomarginifera, Eolyttonia, Oldhamina and
Peltichia) genera; in contrast, the Changhsingian brachiopod
faunas of central-southern China (Hubei, Guangdong and
Guangxi) and southwestern China (Guizhou and Sichuan)
include tropical genera (Spinomarginifera, Eolyttonia,
Oldhamina and Peltichia), but lack antitropical genera (such as
Lamnimargus and Megousia). To summarise, the Changhsingian
fauna of the South Kitakami Belt is a mixed Boreal-Tethyan
fauna, and exhibits affinities with that of southwestern Japan
(Maizuru Belt). This conclusion is consistent with the previous
works on the Changhsingian brachiopod faunas of Maeda
(Tazawa and Miyake, 2011) and Nabekoshiyama (Tazawa, 2012)
in the South Kitakami Belt and Kawahigashi (Tazawa, 2006a, b)
in the Maizuru Belt.

From the information provided above, I conclude that the
Changhsingian brachiopod fauna of the South Kitakami Belt
is characterised by a mixture of Boreal and Tethyan elements,
and belonged to the Sino-Mongolian—Japanese Province (Shi
and Tazawa, 2001) located between the Boreal and Tethyan
realms in the mid-latitudes of the Northern Hemisphere (Fig.
17). The South Kitakami region was probably east of the North
China Block as a remnant of the Sino-Mongolian—Japanese
Province during the Changhsingian (Fig. 17). This conclusion is
consistent with earlier studies of the Changhsingian brachiopod
biogeography of eastern Asia (Tazawa and Miyake, 2011;
Tazawa, 2012) and globally (Shen et al., 2000).

CONCLUSIONS

In this study, late Permian (Changhsingian) brachiopods are
described from the upper part of the Toyoma Formation in the
eastern (Maeda) and central (Kanayashiki and Nabekoshiyama)
parts of the South Kitakami Belt (southern Kitakami Belt),
northeastern Japan. A total of 35 species in 28 genera are
described, of which one species (Edriosteges kotlyari sp. nov.)
is new. In terms of biostratigraphy, the upper part of the Toyoma
Formation in the Maeda, Nabekoshiyama and Kanayashiki areas
is correlated with the Changhsingian. Palaecobiogeographically,
the Changhsingian brachiopod fauna, including the Maeda and
Nabekoshiyama faunas and the Kanayashiki species (Oldhamina
kitakamiensis), is a mixed Boreal-Tethyan fauna and exhibits
affinities with that of the Maizuru Belt, southwestern Japan.
Thus, the South Kitakami region belonged to the Sino-
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FIGURE 18. A, Fusichonetes sp., external mould (A1, A2) and external latex cast (A3) of dorsal valve, NU-B1479; B, C, Neochonetes sp., B,
internal mould (B1, B2) of ventral valve, NU-B1654; C, internal mould (C1, C2) of ventral valve, NU-B1656. Scale bars are 1 cm.

Mongolian—Japanese Province (Shi and Tazawa, 2001) between
the Boreal and Tethyan realms in the Northern Hemisphere.
This region was probably a deep sea bordering a microcontinent
(the Proto-Japan Block), which was located near and east of
the North China Block at the eastern end of the Central Asian
Orogenic Belt during the Changhsingian.

SYSTEMATIC DESCRIPTIONS

The suprageneric classification given herein mainly
follows that of “Treatise on Invertebrate Paleontology, Part H
Brachiopoda Revised, Volumes 2-6”, edited by Kaesler (2000a,
2000b, 2002, 2006) and Selden (2007), with exception that
classification of suborder Productidina follows Waterhouse
(2002).

Order PRODUCTIDA Sarytcheva and Sokolskaya, 1959
Suborder CHONETIDINA Muir-Wood, 1955
Superfamily CHONETOIDEA Bronn, 1862
Family RUGOSOCHONETIDAE Muir-Wood, 1962
Subfamily RUGOSOCHONETINAE Muir-Wood, 1962
Genus FUSICHONETES Liao in Zhao et al., 1981

Type species.— Plicochonetes nayongensis Liao, 1980.

Fusichonetes sp.
(Fig. 18A)

Tethyochonetes sp. Tazawa in Tazawa and Miyake, 2011, p. 4,
fig. 2.1.

Material.—One specimen from locality MED2, external
mould of a dorsal valve, NU-B1479.

Remarks.—This specimen was previously described
by Tazawa (in Tazawa and Miyake, 2011, p. 4, fig. 2) as
Tethyochonetes sp. from the upper part of the Toyoma Formation
in Maeda. According to Wu et al. (2017) and Shen et al.
(2017), the genus Tethyochonetes Chen et al., 2000 is a junior
synonym of the genus Fusichonetes Liao in Zhao et al., 1981.
The Maeda species can be assigned to the genus Fusichonetes
by its small size (length about 6 mm, width about 12 mm in the
sole specimen, NU-B1479), transversely subquadrate outline,
and in having numerous simple, round costellae (8-9 in 3 mm
at midvalve) on the dorsal valve. This species superficially
resembles Fusispirifer soochowensis (Chao, 1928, p. 31, pl. 1,
figs. 14-16), from the Lungtan Formation (Wuchiapingian) of
Jiangsu, eastern China and Guizhou, southwestern China in its
transversely subquadrate outline and in having large ears. But
specific identification is difficult for the poor material.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2).

Distribution.—Changhsingian (Maeda in the South Kitakami
Belt).

Genus NEOCHONETES Muir-Wood, 1962
Type species.— Chonetes dominus King, 1938.

Neochonetes sp.
(Fig. 18B, C)



26 JUN-ICHI TAZAWA

Neochonetes sp. Tazawa, 2012, p. 19, fig. 3.1-3.3.

Material.—Three specimens from locality KF108, internal
moulds of three ventral valves, NU-B1654—1656.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 19, fig. 3.1-3.3) as Neochonetes sp. from
the upper part of the Toyoma Formation in Nabekoshiyama.
The Nabekoshiyama species can be assigned to the genus
Neochonetes Muir-Wood, 1962 on account of medium size for
the Permian chonetoids (length 8 mm, width about 13 mm in the
best-preserved specimen, NU-B1654), transversely subquadrate
outline and the ventral valve with a moderately developed sulcus
and a strong median septum. However, specific identification is
difficult for the poorly preserved specimens.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Suborder PRODUCTIDINA Waagen, 1883
Superfamily MARGINIFEROIDEA Stehli, 1954
Family PAUCISPINIFERIDAE Muir-Wood and Cooper, 1960
Subfamily PAUCISPINIFERINAE Muir-Wood and Cooper,
1960
Genus LAMNIMARGUS Waterhouse, 1975

Type species.— Marginifera himalayensis Diener, 1899.

Lamnimargus peregrinus (Fredericks, 1924a)
(Fig. 19A-E)

Paramarginifera peregrina Fredericks, 1924a, p. 24, pl. 1, figs.
7, 8; Fredericks, 1925, p. 12, pl. 1, figs. 41-44.

Dictyoproductus zesiensis Lee and Gu, 1976, p. 256, pl. 167,
figs. 5, 6; pl. 170, fig. 1.

Probolionia caucasica peregrina (Fredericks). Licharew and
Kotlyar, 1978, p. 12, figs. 13, 14.

Paramarginifera? peregrina Fredericks. Lee et al., 1980, p. 356,
pl. 166, figs. 18, 28; Duan and Li, 1985, p. 112, pl. 42, figs.
1-7;

Lamnimargus himalayensis (Diener). Kotlyar in Kotlyar and
Zakharov, 1989, pl. 23, fig. 9.

Lamnimargus peregrina (Fredericks). Wang and Zhang, 2003,
p- 73, pl. 14, figs. 3, 8, 9; pl. 15, fig. 11; pl. 21, figs. 14-16,
22-24.

Lamnimargus peregrinus (Fredericks). Tazawa, 2008a, p. 7, fig.
3A-T; Tazawa, 2008b, p. 25, fig. 4.2-4.4; Tazawa in Tazawa
and Miyake, 2011, p. 4, fig. 3.1-3.3; Tazawa, 2012, p. 21, fig.
44,45.

Material.—Twenty-two specimens from localities KF108,
MED1 and MED2: (1) external and internal moulds of two
conjoined shells, NU-B1063, 1064; (2) internal mould of a
conjoined shell with external mould of the ventral valve, NU-
B1065; (3) internal mould of a conjoined shell with external

mould of the dorsal valve, NU-B1066; (4) external and internal
moulds of a ventral valve, NU-B1067; (5) external cast of a
ventral valve, NU-B1494; (6) internal moulds of six ventral
valves, NU-B1068, 1069, 1495-1498; (7) external and internal
moulds of a dorsal valve, NU-B1588; (8) external cast of a
dorsal valve, NU-B1499; and (9) external moulds of eight dorsal
valves, NU-B1070-1075, 1589, 1590.

Remarks.— Most of the specimens were previously described
by Tazawa (2008a, p. 7, fig. 3A-T; 2012, p. 21, fig. 44, 4.5) as
Lamnimargus peregrinus (Fredericks, 1924a) from the upper part
of the Toyoma Formation in Maeda and Nabekoshiyama. The
species from both Maeda and Nabekoshiyama can be referred
to Lamnimargus peregrinus (Fredericks, 1924a), originally
described by Fredericks (1924a, p. 24, pl. 1, figs. 7, 8) from the
Chandalaz Formation of South Primorye, eastern Russia, in its
medium to large size (Iength about 23 mm, width about 40 mm
in the largest specimen, NU-B1063), transversely trapezoidal to
subrectangular outline, and external ornament of ventral valve,
consisting of regular numerous costae on visceral disc, rugae
only on ears and costae only on trail (costae numbering 89 in 5
mm at midlength), a row of spine bases on base of ears and a pair
of strong spine bases on trail. The type species, Lamnimargus
himalayensis (Diener, 1899, p. 39, pl. 2, figs. 1-7; pl. 6, figs. 1,
2), from the Kuling Shales (Wuchiapingian—Changhsingian) of
the Panjab Himalayas, differs from the present species in having
coarser costellae on both ventral and dorsal valves and much
larger, prominent and convex ears on ventral valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(localities MED1 and MED2) and Nabekoshiyama (locality
KF108).

Distribution.— Wordian—Wuchiapingian: northern China
(Inner Mongolia), northeastern China (Heilongjiang) and eastern
Russia (South Primorye); and Changhsingian: northeastern
Japan (Maeda and Nabekoshiyama in the South Kitakami Belt).

Lamnimargus japonicus (Tazawa, 1975)
(Fig. 20A-E)

Productus (Dictyoclostus) gratiosus Waagen. Shimizu, 1961, p.
323, pl. 15, figs. 19-21.

Productus (Dictyoclostus) sp. Shimizu, 1961, p. 325, pl. 15, figs.
13-15.

Paramarginifera japonica Tazawa, 1975, p. 636, pl. 2, figs. 3—6;
pl. 3, figs. 1-4; Tazawa, 1976, pl. 3, figs. 10, 15; Minato et al.,
1979, pl. 71, figs. 3-6; pl. 72, figs. 1-4.

Kozlowskia sp. Yanagida, 1996, fig. 2.12.

Lamnimargus japonicus (Tazawa). Tazawa, 2006a, p. 10, fig.
3A-E; Tazawa, 2006b, p. 511, figs. 2, 3; Tazawa, 2009, p. 70,
fig. 4.3-4.6; Tazawa et al., 2009, fig. 3.7; Tazawa, 2012, p. 23,
fig. 4.6-4.12.

Material.— Seventeen specimens from localities KF107 and
KF108: (1) internal mould of a conjoined shell with external
mould of the dorsal valve, NU-B1591; (2) external and internal
moulds of a ventral valve, NU-B1592; (3) internal moulds of
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FIGURE 19. A-E, Lamnimargus peregrinus (Fredericks); A, external latex cast (A1) and internal mould (Az) of ventral valve, NU-B1967; B, ventral (B1)
and anterior (B2) views of external latex cast of ventral valve, NU-B1494; C, ventral (Ci, C2) and anterior (C3) views of internal mould of ventral valve,
NU-B1495; D, external mould (D1, D2) of dorsal valve, NU-B1588; E, ventral external latex cast (Ei, E2), ventral internal mould (E3), dorsal internal
mould (E4), dorsal external latex cast (Es) and dorsal internal mould (Es) of conjoined shell, NU-B1063. Scale bars are 1 cm.
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FIGURE 20. A-E, Lamnimargus japonicus (Tazawa); A, ventral (A1, Az), anterior (A3), posterior (A4) and lateral (As) views of internal mould of ventral
valve, UHR19880; B, internal mould (B1, B2) of ventral valve, UNR19886; C, ventral internal mould (Ci, C2), dorsal internal mould (C3) and dorsal
external mould (C4) of conjoined shell, NU-B1591; D, external mould of dorsal valve, UHR19875 (holotype); E, internal mould (E1, E2) and internal latex

cast (E3) of dorsal valve, NU-B1593. Scale bars are 1 cm.

seven ventral valves, UHR19879-19884, 19886; (4) external and
internal moulds of two dorsal valves, NU-B1593, 1594; and (5)
external moulds of six dorsal valves, NU-B1595, UHR19874,
19875 (holotype), 19876-19878.

Remarks.—Most of the Nabekoshiyama specimens were
previously described by Tazawa (1975, p. 636, pl. 2, figs. 3-6;
pl. 3, figs. 1-4) as Paramarginifera japonica Tazawa, 1975.
Subsequently, the generic name was changed to Lamnimargus
Waterhouse, 1975 by Tazawa (2006a, p. 10). Lamnimargus
Jjaponicus is medium in size for genus (length 16 mm, width 24
mm in the best-preserved ventral valve specimen, UHR19880;

length 16 mm, width 43 mm in the largest dorsal valve specimen,
NU-B1593), transversely subrectangular in outline, and widest
at hinge. External surface of ventral valve invisible, but two
large spine bases are rarely preserved on trail; dorsal valve finely
reticulate on visceral disc and costellate on trail; numbering 8-9
rugae in 5 mm, and 10-11 costellae in 5 mm at midlength. The
preceding species, Lamnimargus peregrinus (Fredericks, 1924a),
differs from L. japonicus in its larger size and in having coarser
costellae on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF107 and KF108).
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FIGURE 21. A-C, Spinomarginifera lopingensis (Kayser); A, ventral internal mould (A1, A2), dorsal external latex cast (A3) and dorsal internal mould
(A4) of conjoined shell, NU-B1569; B, internal mould (B1, B2) and internal latex cast (B3) of dorsal valve, NU-B1573; C, external mould (C1, C2), external
latex cast (C3) and internal mould (C4) of dorsal valve, NU-B1570. Scale bars are 1 cm.

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt) and sowthwestern
Japan (Oe-cho in the Maizuru Belt and Tsunemori in the
Akiyoshi Belt).

Family COSTISPINIFERIDAE Muir-Wood and Cooper, 1960
Subfamily SPINOMARGINIFERINAE Waterhouse, 2002
Genus SPINOMARGINIFERA Huang, 1932

Type species.— Spinomarginifera kueichowensis Huang,
1932.

Spinomarginifera lopingensis (Kayser, 1883)
(Fig. 21A-C)

Productus nystianus var. lopingensis Kayser, 1883, p. 187, pl.
28, figs. 1-5.

Productus (Marginifera) helicus var. Frech, 1911, p. 130, pl. 19,
figs. 1-3.

Marginifera lopingensis (Kayser). Chao, 1927, p. 153, pl. 16,
figs. 8-12.

Spinomarginifera kueichowensis Huang. Nakamura, 1959, p.
143, pl. 15, fig. 1 only; Minato et al., 1979, pl. 63, fig. 1 only.

Spinomarginifera lopingensis (Kayser). Zhang and Ching (Jin),
1961, p. 412, pl. 4, figs. 26-33; Wang et al., 1964, p. 312,
pl. 49, figs. 21-23; Yang et al., 1977, p. 349, pl. 139, fig. 5;

Tong, 1978, p. 222, pl. 79, fig. 6; Licharew and Kotlyar, 1978,
pl. 15, figs. 9, 10; Zhan, 1979, p. 80, pl. 5, figs. 17, 18; Liao,
1980, pl. 5, figs. 35-39; Wang et al., 1982, p. 219, pl. 92,
figs. 1, 2; Wang, 1984, p. 187, pl. 80, fig. 16; Yang, 1984, p.
217, pl. 33, fig. 4; Liao, 1987, pl. 5, figs. 5, 7-18; Zeng et al.,
1995, pl. 9, fig. 1; Shen et al., 2002, p. 677, figs. 4.32, 4.33,
5.1-5.4; He et al., 2008, p. 812, fig. 4.1-4.10; Li and Shen,
2008, p. 315, figs. 4.17-4.19, 6.1-6.7; Shen and Zhang, 2008,
fig. 4.13-4.19; Shen and Shi, 2009, p. 157, fig. 3P-X; Tazawa,
2012, p. 20, fig. 4.1-4.3; Tazawa, 2017, p. 41, fig. 6.1-6.3;
Tazawa, 2023, p. 45, fig. 25A, B.

Spinomarginifera lopingensis (Chao). Jin et al., 1985, p. 194, pl.
9, figs. 3-9; Jin, 1985, pl. 7, figs. 5, 16, 18, 20.

Spinomarginifera lopingensis Huang. Liao and Xu, 2002, pl. 1,
figs. 28-33.

Spinomarginifera huangi Wang and Zhang, 2003, p. 73, pl. 21,
fig. 12 only.

Material.—Six specimens from locality KF108: (1) internal
mould of a ventral valve, with external and internal moulds of
a dorsal valve, NU-B1569; (2) external and internal moulds of
three dorsal valves, NU-B1570-1572; and (3) internal moulds of
two dorsal valves, NU-B1573, 1574.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 20, fig. 4.1-4.3) as Spinomarginifera
lopingensis (Kayser, 1883). The specimens from Nabekoshiyama
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can be referred to Spinomarginifera lopingensis (Kayser, 1883),
originally described from the upper Permian of Loping, Jiangxi
Province, eastern China, in medium size (length 15 mm, width
19 mm in a ventral valve specimen, NU-B1569; length 16 mm,
width 22 mm in the largest dorsal valve specimen, NU-B1573)
and in having prominent costae on dorsal trail. Spinomarginifera
kueichowensis Huang (1932, p. 56, pl. 5, figs. 1-11), from the
upper Permian (Wuchiapingian) of Guizhou, southwestern
China, differs from S. lopingensis in its larger dimensions
and in lacking radial costae on both ventral and dorsal valves.
Spinomarginifera nipponica Shimizu (1961, p. 244, pl. 8,
figs. 1-20; pl. 9, figs. 14-16), from the Gujo Formation
(Changhsingian) of the Maizuru Belt, southwestern Japan,
differs from the present species in having a shallow sulcus and
less strong geniculation on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.— Wordian—Wuchiapingian: northeastern Japan
(Kamiyasse—Imo in the South Kitakami Belt), northwestern
China (Qinghai), northern China (Inner Mongolia), eastern
Russia (South Primorye), eastern China (Jiangsu, Zhejiang and
Jiangxi), central-southern China (Hubei, Hunan, Guangdong
and Guangxi), southwestern China (Guizhou and Yunnan) and
northwestern China (Tibet); and Changhsingian: northeastern
Japan (Nabekoshiyama in the South Kitakami Belt), central-
southern China (Hubei and Guagxi) and southwestern China
(Sichuan).

Superfamily AULOSTEGOIDEA Muir-Wood and Cooper, 1960
Family ECHINOSTEGIDAE Muir-Wood and Cooper, 1960
Subfamily ECHINOSTEGINAE Muir-Wood and Cooper, 1960
Genus EDRIOSTEGES Muir-Wood and Cooper, 1960

Type species.— Edriosteges multispinosus Muir-Wood and
Cooper, 1960.

Edriosteges kotlyari sp. nov.
(Fig. 22A, B)

Edriosteges poyangensis (Kayser). Kotlyar in Kotlyar and
Zakharov, 1989, pl. 23, fig. 15.

Edriosteges sp. Tazawa, 2012, p. 29, fig. 4.20.

Edriosteges sp. A Tazawa and Araki, 2014, p. 47, fig. 3.5.

Etymology.—Named for Galina V. Kotlyar, who first
recognized the present species from the upper Permian
(Wuchiapingian) of South Primorye, eastern Russia.

Material.—Two specimens from localities KF107 and KZ2:
(1) external mould of a ventral valve, UHR11374; and (2)
internal mould of a conjoined shell, KCG13 (holotype).

Diagnosis.—Medium-sized, slightly longer subpentagonal-
shaped Edriosteges, with relatively short hinge.

Description.— Shell medium in size for genus (length 35 mm,
width 35 mm in the larger specimen, holotype, KCG13; length

29 mm, width 32 mm in the smaller ventral valve specimen,
UHR11374), slightly longer subpentagonal in outline, hinge
shorter than greatest width at near anterior margin. Ventral valve
moderately and unevenly convex in lateral profile, slightly
convex on posterior portion and most convex at two-thirds
length from umbo; sulcus wide and shallow on anterior one-third
of valve; ears small, triangular. Dorsal valve slightly concave
in both lateral and anterior profiles. External surface of ventral
valve except for ears ornamented with numerous quincuncially-
arranged elongate spines and irregular, weak concentric lamellae.
Internally, both ventral and dorsal valves having strongly
dendritic adductor scars.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 29, fig. 4.20) and Tazawa and Araki
(2014, p. 47, fig. 3.5) as Edriosteges sp. and Edriosteges sp.
A, respectively, from the upper part of the Toyoma Formation
in Nabekoshiyama. The Nabekoshiyama species resembles the
shell, figured by Kotlyar (in Kotlyar and Zakharov, 1989, pl.
23, fig. 5) as Edriosteges poyangensis (Kayser, 1883) from the
Nakhodka Reef (Wuchiapingian) of South Primorye, eastern
Russia, in medium size and slightly longer subpentagonal outline
and in having relatively short hinge. In the present study, the
Kitakami and Russian species are described as a new species,
Edriosteges kotlyari sp. nov. Edriosteges poyangensis (Kayser,
1883, p. 190, pl. 28, figs. 8-10), from the upper Permian of
Loping, Jiangxi Province, eastern China, differs from the present
new species in its smaller size and transverse outline. The type
species, Edriosteges multispinosus Muir-Wood and Cooper
(1960, p. 104, pl. 17, figs. 1-10), from the upper Leonardian of
the Glass Mountains, Texas, differs from Edriosteges kotlyari
sp. nov. in its larger dimensions, subquadrate outline, with long
hinge which nearly equal to the greatest width of shell.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF107 and KZ2).

Distribution.— Wuchiapingian: eastern Russia (South
Primorye); and Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Nomenclatural acts.—This published work and the
nomenclatural acts it contains have been registered in ZooBank.
The LSIDs are CF95C89F-084A-46E2-A73B-87395F7AC0A9
for this publication, 5096D266-1A08-43D1-99C3-
2455AF649442 for the genus Edriosteges, and 12B9486D-
22CC-444B-9019-240D58340FAD for the new species E.
kotlyari.

Family TSCHERNYSCHEWIIDAE Muir-Wood and Cooper,
1960
Genus TSCHERNYSCHEWIA Stoyanow, 1910

Type species.— Tschernyschewia typica Stoyanow, 1910.

Tschernyschewia typica Stoyanow, 1910
(Fig. 23A-C)

Productus scabriculus Martin. Abich, 1878, p. 33, pl. 5, fig. 3.
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FIGURE 22. A, B, Edriosteges kotlyari sp. nov.; A, ventral internal mould (A1, A2) and dorsal internal mould (A3) of conjoined shell, KCG13 (holotype); B,
external mould (B1, B2) and external latex cast (B3) of ventral valve, UHR11374. Scale bars are 1 cm.
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FIGURE 23. A-C, Tschernyschewia typica Stoyanow; A, external latex cast (A1, A2), internal mould (A3) and internal latex cast (A4) of dorsal valve,
UHR30106; B, external mould (B1, B2), internal mould (B3) and internal latex cast (B4) of dorsal valve, NU-B1634; C, external mould (C1, C2), internal
mould (C3) and internal latex cast (C4) of dorsal valve, NU-B1637; D, Linoproductus sp., external mould (D1, D2), external latex cast (D3) and internal
latex cast (D4) of dorsal valve, NU-B1644. Scale bars are 1 cm.
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Tschernyschewia typica Stoyanow, 1910, p. 853; Stoyanow,
1916, p. 33, 77, pl. 1, figs. 1-5; pl. 2, figs. 1-12; pl. 4, fig.
1; Simi¢, 1933, p. 38, 95, pl. 1, figs. 15-18; Muir-Wood and
Cooper, 1960, pl. 25, figs. 1-9; Sarytcheva, 1965, pl. 33, figs.
8, 9; Stepanov et al., 1969, p. 28, pl. 4, fig. 5; Termier and
Termier, 1970, p. 453, text-fig. 7; Tazawa, 1975, p. 634, pl. 2,
fig. 2; Tazawa, 1976, pl. 3, fig. 11; Minato et al., 1979, pl. 71,
fig. 2; Tazawa, 2012, p. 30, fig. 7.1-7.3.

Tschernyschewia typica typica Stoyanow. Ramovs, 1958, p. 524,
pl. 9, figs. 3, 4.

Material.—Ten specimens from locality KF108: (1) external
and internal moulds of six dorsal valves, NU-B1634-1638,
UHR30106; (2) external moulds of three dorsal valves, NU-
B1639-1641; and (3) internal mould of a dorsal valve, NU-
B1642.

Remarks.—These specimens were previously described by
Tazawa (1975, p. 634, pl. 2, fig. 2; Tazawa, 2012, p. 30, fig.
7.1-7.3) as Tschernyschewia typica Stoyanow, 1910 from the
upper part of the Toyoma Formation in Nabekoshiyama. The
Nabekoshiyama species lacks the ventral valve, but it can be
referred to Tschernyschewia typica Stoyanow, 1910, originally
described from the upper Permian (Dzulfian) of Armenia, by
its subcircular, almost flattened, and medium-sized dorsal
valve (length 18 mm, width 29 mm in the largest specimen,
NU-B1635), ornamented with numerous small spine bases,
and internally having a prominent bilobate cardinal process,
supported by a strong median septum and diverging short lateral
ridges. Tschernyschewia sinensis Chao (1928, p. 76, pl. 3,
figs. 20-23), from the Lopingian of Loping in Jiangxi, central-
southern China, is clearly distinguished from 7. typica by its
elongate shell and much longer hinge.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.— Wuchiapingian: Transcaucasia (Armenia)
and Iran (Julfa); and Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt), Slovenia and
Serbia.

Superfamily LINOPRODUCTOIDEA Stehli, 1954
Family LINOPRODUCTIDAE Stehli, 1954
Subfamily LINOPRODUCTINAE Stehli, 1954
Genus LINOPRODUCTUS Chao, 1927

Type species.— Productus cora d’Orbigny, 1842.

Linoproductus sp.
(Fig.23D)

Linoproductus sp. Tazawa, 2012, p. 24, fig. 4.15.

Material.—One specimen from locality KF108, external and
internal moulds of a dorsal valve, NU-B1644.

Remarks.—This specimen was previously described by
Tazawa (2012, p. 24, fig. 4.15) as Linoproductus sp. from the

upper part of the Toyoma Formation in Nabekoshiyama. The
single dorsal valve specimen is safely assigned to the genus
Linoproductus Chao, 1927 by its medium size (length 23 mm,
width 25 mm), flatly concave dorsal valve, external ornament
consisting of numerous costellae (11-12 in 5 mm at about
midlength) and irregular strong rugae, and in having a thin
median septum and a sessile trilobate cardinal process supported
by slightly diverging lateral ridges in the dorsal valve. Specific
identification is, however, difficult for the poorly preserved
specimen lacking the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Subfamily ANIDANTHINAE Waterhouse, 1968b
Genus MEGOUSIA Muir-Wood and Cooper, 1960

Type species.—Megousia auriculata Muir-Woood and
Cooper, 1960.

Megousia auriculata Muir-Wood and Cooper, 1960
(Fig. 24A-D)

Linoproductus waagenites Girty: King, 1931, p. 77, pl. 17, figs.
11-15 only.

Megousia auriculata Muir-Wood and Cooper, 1960, p. 310, pl.
113, figs. 1-11; Ferguson, 1969, pl. 1, figs. 5-11; Nakamura,
1972, p. 436, pl. 2, fig. 3; Cooper and Grant, 1975, p. 1192,
pl. 450, figs. 1-48; pl. 451, figs. 1-49; pl. 452, figs. 19-28;
pl. 453, figs. 13-24; pl. 463, figs. 5-8; pl. 467, figs. 9-13;
Tazawa, 2012, p. 25, fig. 3.8-3.10.

Megousia cf. auriculata Nakamura, 1972, p. 437, pl. 2, fig. 2.

Material.—Five specimens from localities KF107 and
KF108: (1) external and internal moulds of two dorsal valves,
NU-B1604, 1605; and (2) external moulds of three dorsal valves,
UHR19531,NU-B1606, 1607.

Remarks.—These specimens were described by Tazawa
(2012, p. 25, fig. 3.8-3.10) as Megousia auriculata Muir-Wood
and Cooper, 1960 from the upper part of the Toyoma Formation
in Nabekoshiyama. The Nabekoshiyama species can be referred
to Megousia auriculata Muir-Wood and Cooper (1960, p. 310,
pl. 113, figs. 1-11), from the Word Formation of the Glass
Mountains, Texas, by its small and transverse dorsal valve (length
8 mm, width 20 mm in the largest specimen, NU-B1606) with
long, slender and curved winglike ears and external ornament
consisting of strong concentric lamellae and fine numerous
costellae (numbering 6-7 lamellae in 5 mm, 10-11 costellae in
5 mm at about midlength) on visceral disc but costellae only on
ears. The single dorsal valve specimen, described by Nakamura
(1972, p. 437, pl. 2, fig. 2) as Megousia cf. auriculata Muir-
Wood and Cooper, 1960, from the upper Permian (Lopingian) of
Takakurayama in the Abukuma Mountains, northeastern Japan,
is assigned to the present species by its small size and extremely
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FIGURE 24. A-D, Megousia auriculata Muir-Wood and Cooper; A, external mould (A1, A2) and external latex cast (A3) of dorsal valve, UHR19531; B,
external mould (B1) and internal mould (B2) of dorsal valve, NU-B1605; C, external mould of dorsal valve, NU-B1606; D, external mould of dorsal valve,
NU-B1607; E, F, Megousia nakamurai Tazawa; E, external latex cast (E1, E2) and internal mould (E3) of ventral valve, UHR19885; F, external mould (F1)
and external latex cast (F2) of dorsal valve, UHR19873 (holotype); G, Terrakea nabekoshiyamensis Tazawa, ventral (Gi, G2), anterior (G3), posterior (G4)
and lateral (Gs) views of external latex cast of ventral valve, NU-B1632 (holotype); H, Compressoproductus cf. mytiloides (Waagen), internal mould (Hi,
H>) of ventral valve, NU-B1508. Scale bars are 1 cm.
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long, slender ears.
Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF107 and KF108).
Distribution.— Artinskian—Wuchiapingian: northeastern
Japan (Takakurayama in the South Kitakami Belt) and the USA
(Texas); and Changhsingian: northeastern Japan (Nabekoshiyama
in the South Kitakami Belt).

Megousia nakamurai Tazawa, 1975
(Fig. 24E, F)

Megousia nakamurai Tazawa, 1975, p. 635, pl. 3, figs. 5, 6;
Tazawa, 1976, pl. 3, fig. 14; Minato et al., 1979, pl. 72, figs. 5,
6; Tazawa, 2006b, fig. 3F; Tazawa, 2012, p. 25, fig. 3.11-3.13.

Material.— Fifteen specimens from localities KF107, KF108
and KF109: (1) external and internal moulds of four ventral
valves, UHR19885, NU-B1596-1598; (2) internal moulds of
nine ventral valves, UHR30100-30103, NU-B1599-1603; and
(3) external moulds of two dorsal valves, UHR19809, 19873
(holotype).

Remarks.—These specimens were previously described by
Tazawa (1975, p. 635, pl. 3, figs. 5, 6; Tazawa, 2012, p. 25, fig.
3.11-3.13) as Megousia nakamurai Tazawa, 1975 from the upper
part of the Toyoma Formation in Nabekoshiyama. Megousia
nakamurai is distinguished from the type species, Megousia
auriculata Muir-Wood and Cooper, 1960 by its less transverse
shell (length 10 mm, width 17 mm in the holotype, UHR19873),
broader ears and finer costellae (10—11 in 5 mm at about
midlength) on both ventral and dorsal valves. Megousia solita
Waterhouse (1968b, p. 1172, pl. 154, figs. 1-6, 8-10), from the
Ulladulla Formation (Kungurian) of New South Wales, eastern
Australia, differs from M. nakamurai by its deeper ventral
sulcus, distinct dorsal fold, and irregular concentric lamellae on
the dorsal valve. Megousia definita Cooper and Grant (1975, p.
1194, pl. 449, figs. 1-46), from the Middle Permian (Wordian)
of Texas, is similar in general shape, but much larger in size.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF107, KF108 and KF109).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Subfamily STRIATIFERINAE Muir-Wood and Cooper, 1960
Genus COMPRESOPRODUCTUS Sarytcheva in Sarytcheva et
al., 1960

Type species.— Productus compressus Waagen, 1884.

Compressoproductus cf. mytiloides (Waagen, 1884)
(Fig. 24H)

Compressoproductus cf. mytiloides (Waagen). Tazawa in Tazawa
and Miyake, 2011, p. 7, fig. 3.4.

Material.—One specimen from locality MED2, internal

mould of a ventral valve, with internal mould of posterior region
of the dorsal valve, NU-B1508.

Remarks.—The single specimen from Maeda was previously
described by Tazawa (in Tazawa and Miyake, 2011, p. 7, fig.
3.4) as Compressoproductus cf. mytiloides (Waagen, 1884).
This specimen most resembles Compressoproductus mytiloides
(Waagen, 1884, p. 711, pl. 80, fig. 4a—d), from the Chhidru
Formation of the Salt Range, Pakistan, in size and shape of
the ventral valve, and in having somewhat irregular concentric
rugae with broad interspaces. However, accurate comparison is
difficult for the poorly preserved specimen. Compressoproductus
fenshujiangensis Liang (1990, p. 210, pl. 34, figs. 6-8), from
the upper Lengwu Formation (Wuchiapingian) of Lengwu in
Zhejiang, eastern China, differs from the present species in its
much larger dimensions. The type species, Compressoproductus
compressus Waagen (1884, p. 710, pl. 81, figs. 1, 2), from the
Chhidru Formation of the Salt Range, differs from the Kitakami
species by its more strongly inflated ventral valve and in having
concentric rugae with narrower interspaces on the valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2).

Distribution.—Changhsingian: northeastern Japan (Maeda in
the South Kitakami Belt).

Family KANSUELLIDAE Muir-Wood and Cooper, 1960
Subfamily PAUCISPINAURIINAE Waterhouse, 1986
Genus TERRAKEA Booker, 1930

Type species.— Productus brachythaerus Morris, 1845.

Terrakea nabekoshiyamensis Tazawa, 2012
(Fig. 24G)

Terrakea nabekoshiyamensis Tazawa. 2012, p. 26, fig. 4.13, 4.14.

Material.—Two specimens from locality KF108: (1) external
and internal moulds of a ventral valve, NU-B1632 (holotype);
and (2) internal mould of a ventral valve, NU-B1633.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 26, fig. 4.13, 4.14) as Terrakea
nabekoshiyamensis Tazawa, 2012 from the upper part
of the Toyoma Formation in Nabekoshiyama. Terrakea
nabekoshiyamensis somewhat resembles the type species,
Terrakea brachythaera (Morris, 1845), from the middle Permian
(Wordian) of the Bowen—Sydney Basin, eastern Australia, in
general shape, but the Australian species is much larger in size.
Terrakea yanagidai Tazawa (2008c, p. 47, fig. 7.9-7.13), from
the upper Permian (Lopingian) of Mizukoshi, central Kyushu,
southwestern Japan, differs from the present species in having
numerous fine, but more distinct costellae on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.—Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).
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Fi F2

FIGURE 25. A-D, Orthothrix sudoi Tazawa; A, external latex cast (A1, A2) and internal mould (A3) of ventral valve, NU-B1645 (holotype); B, external
latex cast (B1) and internal mould (B2) of ventral valve, NU-B1647; C, external mould (Ci, C2), internal mould (C3) and internal latex cast (Ca) of dorsal
valve, NU-B1651; D, external latex cast (D1) and internal latex cast (D2) of dorsal valve, UHR30105; E, F, Richthofenia sp.; E, anterior (Ei, E2) and
posterior (E3) views of internal mould of ventral valve, NU-B1471; F, anterior (F1), posterior (F2) and lateral (F3) views of internal mould of ventral valve,
NU-B1470. Scale bars are 1 cm.
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Suborder STROPHALOSIIDINA Waterhouse, 1975
Superfamily STROPHALOSIOIDEA Schuchert, 1913
Family STROPHALOSIIDAE Schuchert, 1913
Subfamily ECHINALOSIINAE Waterhouse, 2001
Genus ORTHOTHRIX Geinitz, 1847

Type species.— Orthis excavata Geinitz, 1842.

Orthothrix sudoi Tazawa, 2012
(Fig. 25A-D)

Orthothrix cf. excavata (Geinitz). Tazawa, 1975, p. 633, pl. 2,
fig. 1; Minato et al., 1979, pl. 71, fig. 1.
Orthothrix sudoi Tazawa, 2012, p. 27, fig. 4.16—4.19.

Material.— Ten specimens from localities KF105, KF107 and
KF108: (1) external and internal moulds of three ventral valves,
NU-B1645 (holotype), 1646, 1647; (2) internal moulds of two
ventral valves, NU-B1648, 1649; and (3) external and internal
moulds of five dorsal valves, UHR30105, NU-B1650-1653.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 27, fig. 4.16-4.19) as Orthothrix sudoi
Tazawa, 2012 from the upper part of the Toyoma Formation in
Nabekoshiyama. Orthothrix sudoi is large in size for the genus
(length 21 mm, width 19 mm in the holotype, NU-B1645) and
having a narrow and shallow sulcus in ventral valve, and a pair
of large sockets and prominent adductor scars in dorsal valve.
The type species, Orthothrix excavata (Geinitz, 1842), refigured
by Muir-Wood and Cooper (1960, pl. 7, figs. 7-16), from the
middle Zechstein of Thuringia, Germany, differs from the
Kitakami species by its smaller size and broader outline and in
having deeper ventral sulcus.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF105, KF107 and KF108).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Superfamily RICHTHOFENIOIDEA Waagen, 1885
Family RICHTHOFENIIDAE Waagen, 1885
Genus RICHTHOFENIA Kayser, 1881

Type species.—Anomia lawrenciana de Koninck, 1863.

Richthofenia sp.
(Fig. 25E, F)

Richthofenia sp. Tazawa in Tazawa and Miyake, 2011, p. 8, fig.
3.5,3.6.

Material.—Three specimens from locality MED2: (1)
external and internal moulds of a ventral valve, NU-B1469; and
(2) internal moulds of two ventral valves, NU-B1470, 1471.

Remarks.—These specimens were described by Tazawa (in
Tazawa and Miyake, 2011, p. 8, fig. 3.5, 3.6) as Richthofenia
sp. from the upper part of the Toyoma Formation in Maeda.

The Maeda species is safely assigned to the genus Richthofenia
Kayser, 1881 by its deep, conical-shaped ventral valve (length
about 15 mm, width about 38 mm, height about 24 mm in the
largest specimen, NU-B1470), elongate trigonal interarea with
distinct pseudodeltidium, and external ornament of the ventral
valve consisting of strong concentric rugae and numerous
fine capillae. The Maeda species most resembles Richthofenia
lawrenciana (de Koninck, 1863, p. 6, pl. 4, figs. 7-9), from the
Wargal Formation of the Salt Range, in size and shape of the
ventral valve. But accurate comparison is difficult for the poorly
preserved specimens.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2).

Distribution.—Changhsingian: northeastern Japan (Maeda in
the South Kitakami Belt).

Suborder LYTTONIIDINA Williams, Harper and Grant, 2000
Superfamily LYTTONIOIDEA Waagen, 1883
Family LYTTONIIDAE Waagen, 1883
Subfamily LYTTONIINAE Waagen, 1883
Genus EOLYTTONIA Fredericks, 1924a

Type species.— Oldhamina (Lyttonia) mira Fredericks, 1916.

Eolyttonia tenuis (Waagen, 1883)
(Figs. 26C-F, 29A)

Lyttonia tenuis Waagen, 1883, p. 401, pl. 30, figs. 3,4, 7, 9;
Huang, 1932, p. 95, pl. 9, figs. 9-11.

Oldhamina (Lyttonia) var. ivanovi Fredericks, 1916, p. 78, pl. 2,
fig. 7 only.

Eolyttonia tenuis (Waagen). Fredericks, 1925, p. 15, pl. 3, figs.
105-107; Tazawa, 2012, p. 31, figs. 5.6-5.9,6A,7.9,7.10.

Leptodus tenuis (Waagen). Yang et al., 1962, p. 90, pl. 37, fig.
5; Zhan, 1979, p. 94, pl. 9, fig. 24; pl. 12, fig. 14; pl. 13, figs.
15, 18; Wang et al., 1982, p. 229, pl. 86, fig. 14; pl. 88, fig. 6;
pl. 100, fig. 7; Fang, 1983, p. 101, pl. 5, figs. 2, 3; Yang, 1984,
p. 226, pl. 35, fig. 13; Liang, 1990, p. 226, pl. 40, fig. 9; Zhu,
1990, p. 79, pl. 18, figs. 19-21; Fang and Fan, 1994, p. 83,
pl. 23, figs. 4, 5; pl. 30, fig. 6; Zeng et al., 1995, pl. 11, fig. 4;
Campi et al., 2002, fig. 6J; Campi et al., 2005, p. 126, pl. 4,
figs. C, F; Tazawa and Hirota, 2012, p. 226, fig. 2A, B.

Leptodus cf. tenuis (Waagen). Kindle, 1926, p. 110, fig. 1; Chi-
Thuan, 1962, p. 489, pl. 1, figs. 2, 3; pl. 2, fig. 3.

Eolyttonia nakazawai Shimizu, 1961, p. 330, pl. 15, fig. 22.

Eolyttonia ct. nakazawai Shimizu. Tazawa, 1975, p. 637, pl. 3,
fig. 8 only; Tazawa, 1976, pl. 3, fig. 13 only; Minato et al.,
1979, pl. 72, fig. 8 only.

Material.—Eight specimens from localities KF108 and
KF109: (1) external and internal moulds of four ventral valves,
NU-B1580-1583; (2) internal moulds of three ventral valves,
UHR30104, NU-B1584, 1585; and (3) internal mould of a dorsal
valve (internal plate), UHR30110.

Remarks.—These specimens were previously described by
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FIGURE 26. A, B, Eolyttonia mira (Fredericks); A, ventral internal mould (A1, A2), ventral internal latex cast (A3), posterior (A4) and lateral (As) views
of internal mould of ventral valve, NU-B1587; B, internal mould (B1, B2) and internal latex cast (B3) of ventral valve, NU-B1586; C-F, Eolytonia tenuis
(Waagen); C, internal mould (C1, C2) of ventral valve, NU-B1581; D, internal mould (D1, D2) and internal latex cast (D3) of ventral valve, NU-B1584; E,
internal mould (E1, E2) of ventral valve, NU-B1585; F, internal mould (F1, F2) and internal latex cast (F3) of ventral valve, NU-B1580. Scale bars are 1 cm.

Tazawa (2012, p. 31, figs. 5.6-5.9, 6A, 7.9, 7.10) as Eolyttonia
tenuis (Waagen, 1883) from the upper part of the Toyoma
Formation in Nabekoshiyama. The Nabekoshiyama species
can be referred to Eolyttonia tenuis (Waagen, 1883), originally
described by Waagen (1883, p. 401, pl. 30, figs. 3, 4,7, 9)
from the Wargal Formation of the Salt Range, Pakistan, by
its medium-sized (length 30 mm, width 33 mm in the largest
specimen, NU-B1580; length 19 mm, width 14 mm in a young
specimen, NU-B1584), flatly convex ventral valve and more

than 9 grooved (angustilobate) lateral septa on each side of the
valve, numbering 7-8 in 20 mm. Lyttonia tenuis is now assessed
as an Eolyttonia species, in having lateral septa with concave
crests in the ventral valve, as noted by Fredericks (1925, p. 15).
It is highly probable that Eolyttonia nakazawai Shimizu (1961,
p- 330, pl. 15, fig. 22), from the upper Permian (Changhsingian)
of Yakuno in the Maizuru Belt, southwestern Japan, may be an
immature shell of Eolyttonia tenuis. The type species, Eolyttonia
mira (Fredericks, 1916, p. 74, pl. 2, figs. 8, 9; pl. 4, fig. 1), from
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the middle Permian (Wordian—Capitanian) of South Primorye,
eastern Russia, differs from E. tenuis in its smaller and more
inflated ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF108 and KF109).

Distribution.— Kungurian—-Wuchiapingian: Canada (British
Columbia), northwestern China (Qinghai), eastern Russia (South
Primorye), eastern China (Anhui, Zhejiang and Fujian), central-
southern China (Hubei and Guangdong), southwestern China
(Yunnan), Vietnam, Malaysia and Pakistan (Salt Range); and
Changhsingian: northeastern Japan (Nabekoshiyama in the South
Kitakami Belt), southwestern Japan (Yakuno in the Maizuru
Belt; Sakawa in the Kurosegawa Belt), central-southern China
(Guangdong) and southwestern China (Guizhou and Sichuan).

Eolyttonia mira (Fredericks, 1916)
(Figs. 26A, B, 29B)

Oldhamina (Lyttonia) mira Fredericks, 1916, p. 74, pl. 2, figs. 8,
9;pl. 4, fig. 1.

Eolyttonia mira (Fredericks). Fredericks, 1925, p. 12, pl. 3, figs.
98-102; text-fig. 11; Tazawa, 2012, p. 33, figs. 5.1-5.3, 6B.
Eolyttonia cf. nakazawai Shimizu. Tazawa, 1975, p. 637, pl. 3,
fig. 7 only; Minato et al., 1979, pl. 72, fig. 7 only; Tazawa,

2006b, fig. 3H.

Material.—Three specimens from localities KF108 and
KF109, internal moulds of three ventral valves, UHR30111, NU-
B1586, 1587.

Remarks.—These specimens were previously described
by Tazawa (2012, p. 33, figs. 5.1-5.3, 6B) as Eolyttonia
mira (Fredericks, 1916) from the upper part of the Toyoma
Formation in Nabekoshiyama. The Nabekoshiyama species can
be identified with Eolyttonia mira (Fredericks, 1916), from the
Chandalaz Formation (Wordian—Capitanian) of Cape Kalouzin,
Vladivostok, eastern Russia, in its small size (length 23 mm,
width 20 mm in the largest specimen, NU-B1586), strongly
convex ventral valve and symmetrically arranged, grooved
lateral septa. The preceding species, Eolyttonia tenuis (Waagen,
1883), is distinguished from Eolyttonia mira by its larger and
less convex ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF108 and KF109).

Distribution.— Wordian—Capitanian: eastern Russia
(South Primorye); and Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Genus OLDHAMINA Waagen, 1883
Type species.— Bellerophon desipiens de Koninck, 1863

Oldhamina squamosa Huang, 1932
(Figs. 27A,29C)

Oldhamina squamosa Huang, 1932, p. 74, pl. 6, figs. 1-5; pl.

7, fig. 11; Yang et al., 1977, p. 370, pl. 147, fig. 3; Feng and
Jiang, 1978, p. 270, pl. 100, fig. 6; Liao, 1979, pl. 1, fig.
29; Zhan, 1979, p. 91, pl. 9, fig. 18; pl. 12, fig. 13; Liao,
1980, pl. 5, fig. 48; Wang et al., 1982, p. 230, pl. 95, fig. 19;
Waterhouse, 1983, p. 130, pl. 5, figs. 1-10; Liao, 1987, p. 106,
pl. 3, figs. 25, 26; Zhu, 1990, p. 79, pl. 18, figs. 24, 25; Zeng
etal., 1995, pl. 11, fig. 10; Tazawa, 2012, p. 34, figs. 5.4, 6C.

Eolyttonia cf. nakazawai Shimizu. Tazawa, 1975, p. 637, pl. 3,
fig. 9 only; Minato et al., 1979, pl. 72, fig. 9 only.

Material.— Two specimens from localities KF108 and
KF109: (1) external and internal moulds of a ventral valve, NU-
B1576; and (2) internal mould of a ventral valve, UHR30109.

Remarks.—One of the specimens was previously described
by Tazawa (2012, p. 34, figs. 5.4, 6C) as Oldhamina squamosa
Huang, 1932 from the upper part of the Toyoma Formation in
Nabekoshiyama. The Nabekoshiyama species can be referred to
Oldhamina squamosa Huang, 1932, originally described from
the upper Permian (Changhsingian) of Guizhou and Sichuan,
southwestern China, by its moderately convex ventral valve, and
sharp lateral septa (anguliseptate) inclined towards the anterior
margin of the valve. The type species, Oldhamina decipiens (de
Koninck, 1863, p. 8, pl. 3, fig. 1), from the Productus Limestone
of the Salt Range, differs from Oldhamina squamosa in its more
inflated ventral valve and in having smaller number of lateral
septa in the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF108 and KF109).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt), eastern China
(Fujian), central-southern China (Hubei, Guangdong and
Guangxi), southwestern China (Guizhou and Sichuan) and
northern Thailand (Huai Tak).

Oldhamina anshunensis Huang, 1932
(Figs. 27B-D, 29D)

Oldhamina squamosa var. anshunensis Huang, 1932, p. 77, pl.
6, figs. 6, 7; pl. 7, figs. 1-4; Zhang and Ching (Jin), 1961, p.
409, pl. 3, figs. 18-20; Liu et al., 1982, p. 190, pl. 136, fig. 13;
Wang et al., 1982, p. 230, pl. 91, fig. 18.

Eolyttonia cf. nakazawai Shimizu. Tazawa, 1975, p. 637, pl. 3,
fig. 10, 11 only; Tazawa, 1976, pl. 3, fig. 12 only; Minato et
al., 1979, pl. 72, figs. 10, 11 only.

Oldhamina anshunensis Huang. Feng and Jiang, 1978, p. 271, pl.
101, fig. 23; Liao, 1980, pl. 5, fig. 49; Ding and Qi, 1983, p. 297,
pl. 102, figs. 5, 6; Yanagida et al., 1993, p. 3, pl. 1, figs. 7, 10.

Oldhamina squamosa anshunensis Huang. Zhan, 1979, p. 91, pl.
7,fig. 9.

Material.—Four specimens from localities KF108 and
KF109: (1) internal mould of a ventral valve with external mould
of the dorsal valve, UHR30107; (2) external and internal moulds
of a ventral valve, UHR30108; and (3) internal moulds of two
ventral valves, NU-B1577, 1578.
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FIGURE 27. A, Oldhamina squamosa Huang, internal mould (A1, A2), internal latex cast (A3), posterior (A4) and lateral (As) views of internal mould
of ventral valve, UHR30109; B-D, Oldhamina anshunensis Huang; B, internal mould (B1) and internal latex cast (B2) of ventral valve, UHR30107; C,
internal mould (C1) and internal latex cast (C2) of ventral valve, UHR30108; D, internal mould (D1) and internal latex cast (D2) of ventral valve, NU-
B1577; E, F, Oldhamina kitakamiensis Tazawa; E, internal mould (E1) and external mould (E2) of ventral valve, IGPS97715 (holotype); F, internal mould
(F1) and internal latex cast (F2) of ventral valve, NU-B1579. Scale bars are 1 cm.
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FIGURE 28. A, B, Petasmaia ehiroi Tazawa; A, internal mould (A1, A2) and internal latex cast (A3) of ventral valve, NU-B1476 (holotype); B, internal
mould (B1, B2) and internal latex cast (B3) of ventral valve, KCGS5. Scale bars are 1 cm.

Remarks.—Two of the Nabekoshiyama specimens
(UHR30107, 30108) were misidentified and described by
Tazawa (1975, p. 637) as Eolyttonia cf. nakazawai Shimizu,
1961. The Nabekoshiyama species including the above two
specimens can be referred to Oldhamina anshunensis Huang,
1932, originally described by Huang (1932, p. 77, pl. 6, figs. 6, 7;
pl. 7, figs. 1-4) as Oldhamina squamosa var. anshunensis Huang,
1932, from the Changhsingian of Guizhou, southwestern China,
by its medium to large size (length about 62 mm, width 42 mm
in the largest specimen, UHR30107), flatly convex ventral valve
and weakly arched lateral septa (mostly anguliseptate, with some
solidiseptate). The preceding species, Oldhamina squamosa
Huang, 1932, is readily distinguished from O. anshunensis by its
more strongly inflated ventral valve, and in having lateral septa
strongly inclined toward the front.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF108 and KF109).

Distribution.— Wuchiapingian: southwestern Japan
(Yachiyo in the Maizuru Belt), northwestern China (Shaanxi),

eastern China (Anhui), central-southern China (Hunan) and
southwestern China (Guizhou); and Changhsingian: northeastern
Japan (Nabekoshiyama in the South Kitakami Belt) and
southwestern China (Guizhou and Sichuan).

Oldhamina kitakamiensis Tazawa, 1982
(Figs. 27E, F, 29E)

Oldhamina kitakamiensis Tazawa, 1982, p. 448, pl. 69, figs. 1-6,
text-fig. 2; Tazawa, 2012, p. 36, figs. 5.5, 6E.

Material.—Two specimens from localities KF108 and KNY1:
(1) internal cast and mould of a ventral valve, IGPS97715
(holotype); and (2) internal mould of a ventral valve, NU-B1579.

Remarks.—The specimen from Kanayashiki was previously
described by Tazawa (1982, p. 448, pl. 69, figs. 1-6; text-
fig. 2) as the holotype of Oldhamina kitakamiensis Tazawa,
1982. The specimen from Nabekoshiyama was also previously
described by Tazawa (2012, p. 36, figs. 5.5, 6E) as Oldhamina
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FIGURE 29. Longitudinal section of internal latex cast of ventral valve, showing lateral septa. A, Eolyttonia tenuis (Waagen), NU-B1580; B,
Eolyttonia mira (Fredericks), NU-B1587; C, Oldhamina squamosa Huang, UHR30109; D, Oldhamina anshunensis Huang, UHR30108: E,
Oldhamina kitakamiensis Tazawa, IGPS97715 (holotype); F, Petasmaia ehiroi Tazawa, NU-B1477.

kitakamiensis Tazawa, 1982. These specimens are referred to
Oldhamina kitakamiensis by their almost flat ventral valve,
and thin widely spaced lateral septa (numbering 5 septa in 20
mm), which having acute crests, dipping to the front at angles
40-50°and strongly inclined anteriorly. Oldhamina kitakamiensis
most resembles Oldhamina squamosa Huang, 1932, from the
Changhsingian beds of Guizhou and Sichuan, southwestern
China, in having anteriorly inclined lateral septa, but differs from
the Chinese species in its less inflated ventral valve. The type
species, Oldhamina decipiens (de Koninck, 1863), redescribed
by Waagen (1883, p. 406, pl. 31, figs. 1-9) from the Wargal
and Chhidru Formations of the Salt Range, has also anteriorly
inclined lateral septa, but differs in its strongly inflated ventral
valve.

Occurrence.— Upper part of the Toyoma Formation in
Kanayashiki (locality KNY1) and Nabekoshiyama (locality
KF109).

Distribution.—Changhsingian: northeastern Japan
(Nabekoshiyama and Kanayashiki in the South Kltakami Belt).

Genus PETASMAIA Cooper and Grant, 1969
Type species.— Petasmaia expansa Cooper and Grant, 1969.

Petasmaia ehiroi Tazawa in Tazawa and Miyake, 2011
(Figs. 28A, B, 29F)

Petasmaia ehiroi Tazawa in Tazawa and Miyake, 2011, p. 8, figs.
3.10,3.11, 4.

Oldhamina ehiroi (Tazawa). Tazawa and Araki, 2014, p. 48, figs.
34,4.

Material.— Three specimens from localities AR6 and MED2:
(1) external and internal moulds of two ventral valves, NU-
B1476 (holotype), 1477; and (2) internal mould of a ventral
valve, KCGS.

Remarks.—The two specimens (NU-B1476, 1477) from the
upper part of the Toyoma Formation in Maeda were previously
described by Tazawa (in Tazawa and Miyake, 2011, p. 8, figs.
3.10-3.11, 4) as Petasmaia ehiroi Tazawa in Tazawa and
Miyake, 2011; and one specimen (KCGS) from the upper part
of the Toyoma Formation in Nabekoshiyama was described by
Tazawa and Araki (2014, p. 48, figs. 3.4, 4) as Oldhamina ehiroi
(Tazawa in Tazawa and Miyake, 2011). These specimens can
be referred to Petasmaia ehiroi Tazawa in Tazawa and Miyake,
2011, in medium size for the genus (length 52 mm, width 50
mm in the holotype, NU-B1476) and in having regularly and
symmetrically arranged, strongly arcuate lateral septa with acute
crests (anguliseptate). The type species, Petasmaia expansa
Cooper and Grant (1969, p. 10, pl. 2, figs. 1-16; Cooper and
Grant, 1974, p. 430, pl. 163, figs. 1-8; pl. 164, figs. 1-16; pl.
165, figs. 11-16), from the Cathedral Mountain Formation
(Leonardian) of the Glass Mountains, Texas, differs from
Petasmaia ehiroi in having lateral septa with broader interspaces.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2) and Nabekoshiyama (locality ARG).

Distribution.— Changhsingian: northeastern Japan (Maeda
and Nabekoshiyama in the South Kitakami Belt).
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FIGURE 30. A, Derbyia sp., external latex cast (A1), internal mould (A2, A3) and internal latex cast (A4) of ventral valve, NU-B1614; B, Meekella sp.,
internal mould (B1, B2) of ventral valve, KCG12; C, D, Geyerella ofunatoensis Tazawa; C, ventral (Ci, C2), anterior (C3), posterior (C4) and lateral (Cs)
views of external latex cast, and internal mould (Cs) of ventral valve, NU-B 1487 (holotype); D, dorsal (D1, D2) and posterior (D3) views of internal mould
of dorsal valve, NU-B1491. Scale bars are 1 cm.
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Order ORTHOTETIDA Waagen, 1884
Suborder ORTHOTETIDINA Waagen, 1884
Superfamily ORTHOTETOIDEA Waagen, 1884
Family DERBYIIDAE Stehli, 1954
Genus DERBYIA Waagen, 1884

Type species.— Derbyia regularis Waagen, 1884.

Derbyia sp.
(Fig. 30A)

Derbyia sp. Tazawa, 2012, p. 37, fig. 7.4.

Material.—One specimen from locality KF108, external and
internal moulds of a ventral valve, NU-B1614.

Remarks.—The single ventral valve specimen was previously
described by Tazawa (2012, p. 37, fig. 7.4) as Derbyia sp. from
the upper part of the Toyoma Formation in Nabekoshiyama.
The Nabekoshiyama species is safely assigned to the genus
Derbyia Waagen, 1884 by its flatly convex ventral valve,
ornamented with numerous costellae (11-12 in 5 mm near the
anterior margin) and in having a strong, short median septum
in the ventral valve. This species most resembles Derbyia
nigpi Chen and Liao (2007, p. 992, fig. 7), from the upper
Changhsing Formation of Dongluo, Guangxi Province, central-
southern China, in size, outline and external ornament of the
ventral valve. But accurate comparison is difficult for the poorly
preserved specimen. Derbyia schellwieni Frech (1911, p. 125,
pl. 18, fig. 3), from the Lopingian of Loping, Jiangxi Province,
eastern China, differs from the Nabekoshiyama species in its less
transverse outline and in having coarser costellae on the ventral
valve.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Family MEEKELLIDAE Stehli, 1954
Subfamily MEEKELLINAE Stehli, 1954
Genus MEEKELLA White and St. John, 1867

Type species.— Plicatula striatocostata Cox, 1857.

Meekella sp.
(Fig. 30B)

Meekella sp. Tazawa and Araki, 2014, p. 49, fig. 3.3.

Material.—One specimen from locality KZ2, internal mould
of a ventral valve, KCG12.

Remarks.—This specimen was previously described by
Tazawa and Araki (2014, p. 49, fig. 3.3) as Meekella sp. from
the upper part of the Toyoma Formation in Nabekoshiyama.
The single ventral valve specimen from Nabekoshiyama is
small to medium in size (length more than 33 mm, width about

31 mm), subcircular in outline, and slightly convex in both
anterior and lateral profiles. External surface of the ventral
valve is ornamented with strong costae and numerous capillae;
costae numbering seven on one side of lateral slopes. The
Nabekoshiyama species most resembles Meekella deltoides Liao
(1980, p. 256, pl. 3, figs. 1-4), from the Longtanian of Guizhou,
southwestern China, in size and shape of the ventral valve,
but accurate comparison is difficult for the poorly preserved
specimen.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KZ2).

Distribution.— Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Genus GEYERELLA Schellwien, 1900a
Type species.— Geyerella gemmellaroi Schellwien, 1900a.

Geyerella ofunatoensis Tazawa in Tazawa and Miyake, 2011
(Figs. 30C, D, 31A)

Geyerella ofunatoensis Tazawa in Tazawa and Miyake, 2011, p.
10, fig. 5.1-5.6.
Geyerella sp. Tazawa in Tazawa and Miyake, 2011, p. 10, fig. 5.7.

Material.— Nine specimens from locality MED2: (1) external
cast of a ventral valve, NU-B1486; (2) external and internal
moulds of two ventral valves, NU-B1478, 1487 (holotype);
(3) external cast of a dorsal valve, NU-B1488; and (4) internal
moulds of five dorsal valves, NU-B1489-1493.

Remarks.—Most of the specimens except for a smaller one
(NU-B1478) were previously described by Tazawa (in Tazawa
and Miyake, 2011, p. 10, fig. 5.1-5.6) as Geyerella ofunatoensis
Tazawa in Tazawa and Miyake, 2011 from the upper part of
the Toyoma Formation in Maeda. Geyrella ofunatoensis is an
average-sized (length 29 mm, width 43 mm, height about 15 mm,
hinge width 28 mm in the holotype, NU-B1487), shallow cone-
shaped Geyerella, with irregular strong rugae besides numerous
costae and costellae on ventral valve. The Maeda species most
resembles Geyerella mongolica Grabau (1931, p. 267, pl. 26,
fig.1, text-fig. 67A-C), from the Zhesi (Jisu) Formation in
Zhesi, Inner Mongolia, northern China, by its irregular strong
concentric rugae on the both ventral and dorsal valves, but it
differs from the latter in having more numerous, finer costae on
the both valves. Geyerella gemmellaroi Schellwien (1900a, p.
13, pl. 1, fig. 7a, 7b) from the Permian of Sosio, differs from G.
ofunatoensis in lacking concentric rugae on the ventral valve.
Geyerella sp. Tazawa (in Tazawa and Miyake, 2011, p. 10, fig.
5.7) from the same locality in Maeda may be a young individual
of Geyerella ofunatoensis.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2).

Distribution.—Changhsingian: northeastern Japan (Maeda in
the South Kitakami Belt).
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FIGURE 31. A, Geyerella ofunatoensis Tazawa, dorsal (A1, A2), anterior (A3), posterior (A4) and lateral (As) views of internal mould of dorsal valve, NU-
B1492; B, C, Tropidelasma sp.; B, anterior (B1, B2) and ventral (B3) views of external latex cast, and anterior view (B4) of external mould of ventral valve,
NU-B1480; C, ventral (C1, C2), anterior (C3), posterior (C4) and lateral (Cs) views of internal mould of ventral valve, NU-B1481. Scale bars are 1 cm.
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Family SCHUCHERTELLIDAE Williams, 1953
Subfamily STREPTORHYNCHINAE Stehli, 1954
Genus TROPIDELASMA Cooper and Grant, 1969

Type species.— Tropidelasma culmenatum Cooper and Grant,
1969.

Tropidelasma sp.
(Fig.31B, C)

Tropidelasma sp. Tazawa in Tazawa and Miyake, 2011, p. 11,
fig.5.8,59.

Material.—Three specimens from locality MED2: (1)
external and internal moulds of a ventral valve, NU-B1480; and
(2) internal moulds of two ventral valves, NU-B1481, 1482.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, p. 11, fig. 5.8, 5.9) as
Tropidelasma sp. from the upper part of the Toyoma Formation
in Maeda. The Maeda species can be assigned to the genus
Tropidelasma Cooper and Grant, 1969 by its deep, slightly bent,
cone-shaped ventral valve, with long interarea and external
ornamentation consisting of strong rugae and fine numerous
capillae. However, specific identification is difficult owing to
ill preservation of the present material. Tropidelasma anthicum
Cooper and Grant (1974, p. 335, pl. 59, figs. 1-36; pl. 60, figs.
1-39), from the Word Formation of Texas, differs from the
Kitakami species in its smaller size. Tropidelasma yamasugensis
Tazawa in Tazawa et al. (2010, p. 39, fig. 3.2), from the
Nabeyama Formation (Murgabian or Wordian) of Yamasuge in
the Kuzu area, central Japan, differs from the present species in
its more numerous and less strong rugae on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2).

Distribution.— Changhsingian: northeastern Japan (Maeda
in the South Kitakami Belt).

Order ORTHIDA Schuchert and Cooper, 1932
Suborder DALMANELLIDINA Moore, 1952
Superfamily ENTELETOIDEA Waagen, 1884
Family ENTELETIDAE Waagen, 1884
Genus ENTELETES Fischer de Waldheim, 1825

Type species.— Enteletes glabra Fischer de Waldmeim, 1830.

Enteletes andrewsi Grabau, 1931
(Fig. 32A-C)

Enteletes andrewsi Grabau, 1931, p. 222, pl. 10, figs. 2-5; pl.
11, figs. 1, 2; Jin, 1985, pl. 6, figs. 9-11; Duan and Li, 1985,
p- 99, pl. 33, figs. 1-7; Wang and Zhang, 2003, p. 127, pl. 30,
figs. 1-15; pl. 50, figs. 3, 8; Tazawa in Tazawa and Miyake,
2011, p. 13, fig. 3.7-3.9.

Enteletes obesa Grabau, 1931, p. 229, pl. 9, fig. 7.7; pl. 12, figs.
2-4; Duan and Li, 1985, p. 100, pl. 34, figs. 1-5.

Enteletes obesus Grabau. Licharew and Kotlyar, 1978, pl. 19,
fig.3.3.
Enteletes sp. Tazawa, 2012, p. 37, fig. 3.15.

Material.— Six specimens from localities MED2 and KF108:
(1) external and internal moulds of a ventral valve, NU-B1631;
(2) internal moulds of two ventral valves, NU-B1502, 1503; (3)
external casts of two dorsal valves, NU-B1504, 1505; and (4)
internal mould of a dorsal valve, NU-B1506.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, p. 13, fig. 3.7-3.9) as
Enteletes andrewsi Grabau, 1931 from the upper part of the
Toyoma Formation in Maeda, and by Tazawa (2012, p. 37,
fig. 3.15) as Enteletes sp. from the upper part of the Toyoma
Formation in Nabekoshiyama. The Maeda species can be
referred to Enteletes andrewsi Grabau, 1931, from the Jisu
Honguer Limestone (= Yiheusu Formation, Duan and Li, 1985)
of Inner Mongolia, northern China, in its small, elongate shell
(length 21 mm, width 18 mm in the best-preserved dorsal
valve specimen, NU-B1504), and in having external ornament
consisting of some strong subangular costae and numerous
capillae. The Nabekoshiyama species is also referred to Enteletes
andrewsi Grabau, 1931, by its small size and elongate outline.
Enteletes gibbosus Chronic (1953, p. 92, pl. 16, figs. 9-14), from
the Copacabana Group of Peru, differs from Enteletes andrewsi
in its rounded shell and in having more weak costae on the both
ventral and dorsal valves.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2) and Nabekoshiyama (locality KF108).

Distribution.—Roadian—Capitanian: northwestern China
(Qinghai), northern China (Inner Mongolia) and eastern Russia
(South Primorye); and Changhsingian: northeastern Japan
(Maeda and Nabekoshiyama in the South Kitakami Belt).

Genus PELTICHIA Jin and Liao in Jin and Sun, 1981
Type species.— Parenteletes sinensis zigzag Huang, 1933.

Peltichia transversa (Huang, 1933)
(Fig. 33D)

Parenteletes sinensis mut. transversus Huang, 1933, p. 14, pl. 2,
figs. 8-10.

Enteletina sinensis mut. transversus (Huang). Wang et al., 1964,
p. 152, pl. 20, figs. 4-7; Feng and Jiang, 1978, p. 234, pl. 85,
fig. 17.

Enteletina sinensis (Huang). Feng and Jiang, 1978, p. 234, pl.
85, fig. 16 only.

Enteletes sinensis (Huang). Jin et al., 1979, p. 74, pl. 36, figs.
31-34.

Enteletina transversa (Huang). Liao, 1980, p. 253, pl. 1, figs.
49-52.

Peltichia transversa (Huang). Shen and He, 1994, pl. 1, figs.
29-34; Shen and Shi, 2007, p. 45, pl. 17, figs. 13-30.

Peltichia schizoides Xu and Grant, 1994, p. 21, fig. 9.1-9.10.
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FIGURE 32. A-C, Enteletes andrewsi Grabau; A, ventral (A1, A2), anterior (A3), posterior (A4) and lateral (As) views of internal mould of ventral valve,
NU-B1502; B, external latex cast (B1, B2) of dorsal valve, NU-B1504; C, internal mould (C1, C2) of dorsal valve, NU-B1606. Scale bars are 1 cm.

Peltichia transversus (Huang). Xu and Grant, 1994, fig. 9.17,
9.18,9.21, 9.22, 9.24; Shen et al., 1999, p. 58, figs. 6.8, 8.8—
8.12,10.11-10.25, 10.30.

Peltichia sinensis transversa (Huang). Zeng et al., 1995, pl. 2,
fig. 1.

Peltichia sinensis (Huang). Zeng et al., 1995, pl. 2, fig. 4; pl. 3,
figs. 1, 2.

Peltichia cf. transversa (Huang). Tazawa, 2012, p. 39, fig. 7.5.

Material.—One specimen from locality KF108, internal
mould of a dorsal valve, NU-B1608.

Remarks.—This specimen was previously described by
Tazawa (2012, p. 39, fig. 7.5) as Peltichia cf. transversa
(Huang, 1933) from the upper part of the Toyoma Formation
in Nabekoshiyama. The single dorsal valve specimen from
Nabekoshiyama is small to medium in size (length about 32
mm, width about 42 mm), transversely elliptical in outline, and

having a pair of strong brachiophore supporting plates, diverging
anteriorly, a low and short median ridge and an elevated
adductor platform. The Nabekoshiyama species can be referred
to Peltichia transversa (Huang, 1933), originally described by
Huang (1933, p. 14, pl. 2, figs. 8-10) as Parenteletes sinensis
mut. transversus Huang, 1933 from the coal-bearing formation
(Wuchiapingian) in Guizhou, southwestern China, in its small
size and transverse outline. Peltichia akasakensis (Ozawa,
1927), redescribed by Shen et al. (1999, p. 53, figs. 6.1-6.5, 6.9—
6.12,7) from the lower part (Parafusulina Zone) of the Akasaka
Limestone of Akasaka, Mino Belt, central Japan, differs from
P. transversa in its much larger size and more elongate outline.
The type species, Peltichia zigzag (Huang, 1933, p. 13, pl. 2,
fig. 7), from the Lungtan Formation in Guizhou, differs from P.
transversa in having strong paraplicate anterior commissure.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).



48 JUN-ICHI TAZAWA

D,

D,

FIGURE 33. A, B, Orthotichia dorashamiensis Sokolskaya; A, external latex cast (A1, A2) and internal mould (A3) of ventral valve, NU-B1500; B,
internal mould (B1, B2) of ventral valve, NU-B1643; C, Orthotichia sp., internal mould (C1, C2) of ventral valve, KCG11; D, Peltichia transversa (Huang),
ventral (D1, D2) and posterior (D3) views of internal mould of ventral valve, NU-B1608. Scale bars are 1 cm.

Distribution.— Wuchiapingian: northwestern China
(Qinghai), southwesten China (Guizhou) and northwestern China
(Qinghai); Changhsingian: northeastern Japan (Nabekoshiyama
in the South Kitakami Belt), eastern China (Zhejiang), central-
southern China (Hunan and Guangxi) and southwestern China
(Guizhou and Sichuan).

Family SCHIZOPHORIIDAE Schuchert and LeVene, 1929
Genus ORTHOTICHIA Hall and Clarke, 1892

Type species.— Orthis? morganiana Derby, 1874.

Orthotichia dorashamensis Sokolskaya, 1965
(Fig.33A,B)

Orthotichia dorashamensis Sokolskaya, 1965, p. 200, pl. 29, fig.
6, text-fig. 24; Fantini Sestini and Glaus, 1966, p. 899, pl. 63,
fig. 4.

Orthotichia sp. Tazawa in Tazawa and Miyake, 2011, p. 14, fig. 2;
Tazawa, 2012, p. 40, fig. 3.14.

Material.—Two specimens from localities KF108 and
MED2: (1) external and internal moulds of a ventral valve, NU-
B1500; and (2) internal mould of a ventral valve, NU-B1643.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, p. 14, fig. 2; Tazawa,
2012, p. 40, fig. 3.14) as Orthotichia sp. from the upper part
of the Toyoma Formation in Maeda and Nabekoshiyama.
The Kitakami species can be identified with Orthotichia
dorashamiensis Sokolskaya (1965, p. 200, pl. 29, fig. 6, text-
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FIGURE 34. A-E, Hustedia minuta Tazawa; A, ventral (A1, A2), dorsal (A3), anterior (A4), posterior (As) and lateral (Ae) views of internal mould of
conjoined shell, NU-B1615; B, internal mould (B1, B2) of dorsal valve, NU-B1627; C, internal mould (C1, C2) and external latex cast (C3) of ventral valve,
NU-B1619; D, internal mould (D1, Dz2) of ventral valve, NU-B1620; E, external latex cast (E1, E2) and internal mould (E3) of dorsal valve, NU-B1625; F-H,
Hustedia indica (Waagen); F, external latex cast (F1, F2) and internal mould (F3) of ventral valve, NU-B1629; G, internal mould (G1, G2) of ventral valve,
NU-B1630; H, internal mould (Hi, H2) of dorsal valve, NU-B2593. Scale bars are 1 cm.

fig. 24), from the Dorashamian (Changhsingian) in Dhulfa,
Transcaucasia, in its small size and transversely subelliptical
outline (length 10 mm, width 18 mm in the larger specimen,
NU-B1500; length 7 mm, width 11 mm in the smaller specimen,
NU-B1643). Orthotichia newelli Cooper and Grant (1976, p.
2619, pl. 475, figs. 16-20; pl. 663, figs. 1-10; pl. 671, figs. 20—
31), from the Wolfcampian in Texas, differs from Orthotichia
dorashamensis in its larger size and less transverse outline of the
ventral valve. The type species, Orthotichia morganiana (Derby,
1874), is readily distinguished from the present species by its
much larger size and less transverse outline.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2) and Nabekoshiyama (KF108).

Distribution.— Changhsingian: northeastern Japan (Maeda
and Nabekoshiyama in the South Kitakami Belt), Transcaucasia
(Dzhulfa) and northern Iran (central Elburz).

Orthotichia sp.
(Fig.330)

Material.—One specimen from locality KZ2, internal mould
of a ventral valve, KCG11.

Remarks.—The single ventral valve specimen from
Nabekoshiyama can be assigned to the genus Orthotichia Hall
and Clarke, 1892 in its medium size, subrounded outline (length

about 25 mm, width about 25 mm), and in having internal
structures consisting of a pair of strong dental plates and a long
median septum in the ventral valve. The Nabekoshiyama species
resembles Orthotichia morganiana (Derby, 1874), redescribed
by Shi and Waterhouse (1996, p. 44, pl. 1, figs. 2—-18), from
the upper Jungle Creek Formation (Sakmarian—Artinskian)
in northern Yukon Territory, in size and outline of the ventral
valve, but accurate comparison is difficult for the poor material.
The preceding species, Orthotichia darashamiensis Sokolskaya
(1965), is readily distinguished from the present species in its
much smaller size and more transverse outline.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KZ2).

Distribution.—Changhsingian: northeastern Japan
(Nabekoshiyana in the South Kitakami Belt).

Order ATHYRIDIDA Boucot, Johnson and Staton, 1964
Suborder RETZIIDINA Boucot, Johnson and Staton, 1964
Superfamily RETZIOIDEA Waagen, 1883
Family NEORETZIIDAE Dagys, 1972
Subfamily HUSTEDIINAE Grunt, 1986
Genus HUSTEDIA Hall and Clarke, 1893

Type species.— Terebratula mormoni Marcou, 1858.
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Hustedia indica (Waagen, 1883)
(Fig. 34A-E)

Eumetria indica Waagen, 1883, p. 493, pl. 35, figs. 1, 2.

Hustedia indica (Waagen). Tschernyschew, 1902, p. 109, pl. 47,
fig. 12; Huang, 1933, p. 78, pl. 11, fig. 3; Shimizu, 1961, p.
329, pl. 16, figs. 43-45; Liao, 1980, pl. 9, figs. 22-25; Ding
and Qi, 1983, p. 359, pl. 120, fig. 5; Yang, 1984, p. 231, pl.
37, fig. 8; Tazawa, 2012, p. 40, fig. 3.16; Tazawa and Shintani,
2014, p. 31, fig. 6.2-6 4.

Retzia (Hustedia) indica (Waagen). Broili, 1916, p. 54, pl. 125,
figs. 4-6.

Material.—Two specimens from localities KF107 and 108,
external and internal moulds of two ventral valves, NU-B1629,
1630.

Remarks.—The specimens from Nabekoshiyama were
previously described by Tazawa (2012, p. 40, fig. 3.16) as
Hustedia indica (Waagen, 1883) on account of medium-sized,
slightly elongate shell (length 9 mm, width 7 mm in the better
preserved ventral valve specimen, NU-B1629) and external
ornament consisting of 7-8 strong, rounded costae on the ventral
valve. Hustedia remota (von Eichwald, 1860), redescribed
by Tschernyschew (1902, p. 107, pl. 47, figs. 8—11) from the
Schwagerina Limestone of Ufa, southern Urals, differs from
Hustedia indica in having wider and flat-bottomed intercostal
spaces on both ventral and dorsal valves.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (localities KF107 and KF108).

Distribution.— Asselian—Wuchiapingian: northeastern Japan
(Kamiyasse—Imo in the South Kitakami Belt), central Russia
(southern Urals), northwestern China (Gansu), central-southern
China (Hubei), southwestern China (Guizhou), Indonesia (Timor)
and Pakistan (Salt Range); and Changhsingian: northeastern
Japan (Nabekoshiyama in the South Kitakami Belt) and
southwestern Japan (Yakuno in the Maizuru Belt).

Hustedia minuta Tazawa in Tazawa and Miyake, 2011
(Fig. 34F-H)

Hustedia minuta Tazawa in Tazawa and Miyake, 2011, p. 15, fig.
2.5,2.6; Tazawa, 2012, p. 41, fig. 3.4-3.7.

Material.— Seventeen specimens from localities KF108 and
MED?2: (1) internal mould of a conjoined shell, with external
mould of the ventral valve, NU-B1615; (2) internal moulds
of three conjoined shells, NU-B1616-1618; (3) external and
internal moulds of a ventral valve, NU-B1619; (4) external cast
of a ventral valve, NU-B1472 (holotype); (5) internal moulds of
five ventral valves, NU-B1620-1623; (6) external and internal
moulds of two dorsal valves, NU-B1473, 1624, 1625; and (7)
internal moulds of four dorsal valves, NU-B1474, 1626—1628.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, p. 15, fig. 2.5, 2.6) and
Tazawa (2012, p. 41, fig. 3.4-3.7) as Hustedia minuta Tazawa

in Tazawa and Miyake, 2011 from the upper part of the Toyoma
Formation in both Maeda and Nabekoshiyama. Hustedia minuta
is small in size for genus (length about 5 mm, width about
4 mm in the holotype, NU-B1472) and having 12 rounded
costae with broad and flat intercostal furrows on ventral valve.
Hustedia episkopiensis Shen and Clapham (2009, p. 728, pl. 4,
figs. 17-24), from the upper Permian (Wuchiapingian) of Hydra
Island, Greece, is also a small-sized species, but the Greek
species differs from Hustedia minuta in having more numerous
costae, with narrower intercostal spaces. The preceding species,
Hustedia indica (Waagen, 1883), differs from H. minuta in its
larger and more elongate shell and in having fewer costae on the
ventral valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2) and Nabekoshiyama (locality KF108).

Distribution.—Changhsingian: northeastern Japan (Maeda
and Nabekoshiyama in the South Kitakami Belt).

Order SPIRIFERIDA Waagen, 1883
Suborder SPIRIFERIDINA Waagen, 1883
Superfamily AMBOCOELIOIDEA George, 1931
Family AMBOCOELIIDAE George, 1931
Subfamily AMBOCOELIINAE George, 1931
Genus ATTENUATELLA Stehli, 1954

Type species.—Attenuatella texana Stehli, 1954.

Attenuatella bandoi Tazawa, 1987
(Fig. 35A,B)

Attenuatella bandoi Tazawa, 1987, p. 281, figs. 3.1-3.11, 4;
Tazawa, 2011, p. 177, fig. 5.1-5.3; Tazawa and Araki, 2014, p.
50, fig. 3.1,3.2.

Attenuatella sp. Tazawa and Niigata Pre-Tertiary Research
Group, 1999, fig. 2.6-2.9; Tazawa, 2001, fig. 38 2F-H.

Materal.—Two specimens from locality AR7, internal
moulds of two ventral valves, KCG9, 10.

Remarks.—These specimens were previously described by
Tazawa and Araki (2014, p. 50, fig. 3.1, 3.2) as Attenuatella
bandoi Tazawa, 1987 from the upper part of the Toyoma
Formation in Nabekoshiyama. The Nabekoshiyama species
can be referred to Attenuatella bandoi Tazawa, 1987, from
the lower part of the Toyoma Formation in Ishihama, Utatsu
area, South Kitakami Belt, by its relatively large size for genus
(length 10 mm, width 6 mm in the larger specimen, KCG9),
elongate outline, and in having long and broad adductor scars in
the ventral valve. Attenuatella incurvata Waterhouse (1964, p.
108, pl. 20, figs. 1-12, pl. 21, figs. 1-9, text-figs. 47-52), from
the Kungurian—Kazanian beds of New Zealand, differs from
A. bandoi in its slightly smaller and less elongate shell, and in
having more dense spine bases on both ventral and dorsal valves.
Attenuatella mengi He, Shi, Feng and Peng (2007, p. 276, figs.
5A-P, 6A-H), from the Talung Formation (Changhsingian) of
Guangxi, central-southern China, differs from A. bandoi in its
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FIGURE 35. A, B, Attenuatella bandoi Tazawa; A, internal mould (A1, A2) of ventral valve, KCG10; B, internal mould (B1, B2) of ventral valve, KCG9; C,
D, Martinia sp.; C, external natural cast of ventral valve, NU-B1609; D, internal mould (D1, D2) of ventral valve, NU-B1610; E, F, Choristitella wynnei
(Waagen); E, external latex cast (E1) and internal mould (Ez, E3) of ventral valve, NU-B1501; F, external latex cast of dorsal valve, NU-B1575. Scale bars

are 1 cm.

less elongate outline and shorter adductor scars in the ventral
valve. The type species, Attenuatella texana Stehli (1954, p.
343, pl. 25, figs. 31-33), from the Bone Spring Formation
(Leonardian) in the Sierra Diablo, western Texas, differs from
the Kitakami species in its much smaller size.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality AR7).

Distribution.— Wuchiapingian: northeastern Japan (Ishihama
in the South Kitakami Belt) and central Japan (Okutadami in
the Maizuru Belt); and Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Superfamily MARTINIOIDEA Waagen, 1883
Family MARTINIIDAE Waagen, 1883
Subfamily MARTINIINAE Waagen, 1883
Genus MARTINIA M’Coy, 1844

Type species.— Spirifer glaber Sowerby, 1820.

Martinia sp.
(Fig.35C, D)

Martinia sp. Tazawa, 2012, p. 41, fig. 3.20,3.21.

Material.—Two specimens from locality KF107: external
cast of a ventral valve, NU-B1609; and (2) internal mould of a
ventral valve, NU-B1610.

Remarks.—These specimens were previously described by
Tazawa (2012, p. 41, fig. 3.20, 3.21) as Martinia sp. from the
upper part of the Toyoma Formation in Nabekoshiyama. The
Nabekoshiyama species is safely assigned to the genus Martinia
M’Coy, 1844 by its small size (length about 18 mm, width
about 19 mm in the larger specimen, NU-B1609), subcircular
outline, and in having several distinct radial vascular markings
in posterior portion of the ventral valve. However, specific
determination is difficult for the poorly preserved specimens.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF107).

Distribution.—Changhsingian: northeastern Japan
(Nabekoshiyama in the South Kitakami Belt).

Superfamily SPIRIFEROIDEA King, 1846
Family CHORISTITIDAE Waterhouse, 1968a
Subfamily CHORISTITINAE Waterhouse, 1968a
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Genus CHORISTITELLA Ivanov and Ivanova, 1937

Type species.— Choristites podolskensis Ivanov and Ivanova,
1937.

Choristitella wynnei (Waagen, 1883)
(Fig. 35E,F)

Spirifer wynnei Waagen, 1883, p. 517, pl. 44, figs. 6-7; Licharew
and Kotlyar, 1978, pl. 21, fig. 14.

Choristitella wynnei (Waagen). Kotlyar in Kotlyar and Zakharov,
1989, pl. 24, figs. 4, 5; Tazawa in Tazawa and Miyake, 2011,
fig. 5.10; Tazawa, 2012, p. 42, fig. 7.6.

Material.— Two specimens from localities KF108 and
MED?2: (1) external and internal moulds of a ventral valve, NU-
B1501; and (2) external mould of a dorsal valve, NU-B1575.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, fig. 5.10) and Tazawa
(2012, p. 42, fig. 7.6) as Choristitella wynnei (Waagen, 1883)
from the upper part of the Toyoma Formation in both Maeda
and Nabekoshiyama. The single ventral valve specimen from
Maeda can be referred to Choristitella wynnei (Waagen, 1883),
originally described from the Wargal Formation of the Salt
Range, Pakistan, by its large, transverse ventral valve (length
about 35 mm, width about 50 mm) and external ornament,
consisting of numerous costae with a density of 5-6 in 5
mm at about the midvalve. The dorsal valve specimen from
Nabekoshiyama is also referred to Choristitella wynnei by its
large, transverse dorsal valve (length more than 45 mm, width
about 30 mm), with low and broad fold and external ornament
consisting of numerous fine costae, numbering 5-6 in 5 mm
at about midvalve. The type species, Choristitella podolkensis
(Ivanov and Ivanova, 1937, p. 170, 196, pl. 15, figs. 2-5; pl. 23,
figs. 3—4, text-fig. 55) from the upper Moscovian of the Moscow
Basin, western Russia, differs from Choristitella wynnei in its
smaller size, less transverse outline, and in having deeper and
narrower sulcus on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED2) and Nabekoshiyama (locality KF108).

Distribution.— Capitanian—Wuchiapingian: eastern Russia
(South Primorye) and Pakistan (Salt Range); and Changhsingian:
northeastern Japan (Maeda and Nabekoshiyama in the South
Kitakami Belt).

Order SPIRIFERINIDA Ivanova, 1972
Suborder SPIRIFERINIDINA Ivanova, 1972
Superfamily PENNOSPIRIFERINOIDEA Dagys, 1972
Family PARASPIRIFERINIDAE Cooper and Grant, 1976
Genus CALLISPIRINA Cooper and Muir-Wood, 1951

Type species.— Spiriferina ornata Waagen, 1883.

Callispirina sp.
(Fig. 36A, B)

Callispirina sp. Tazawa in Tazawa and Miyake, 2011, p. 17, fig.
23,24.

Material.—Three specimens from locality MED2: (1)
external moulds of two ventral valves, NU-B1483, 1484; and (2)
internal mould of a ventral valve, NU-B1485.

Remarks.—These specimens were previously described by
Tazawa (in Tazawa and Miyake, 2011, p. 17, fig. 2.3, 2.4) as
Callispirina sp. from the upper part of the Toyoma Formation in
Maeda. The Maeda species can be safely assigned to the genus
Callispirina Cooper and Muir-Wood, 1951 by its small, nearly
equidimensional shell (length about 9 mm, width about 11 mm
in the better preserved ventral valve specimen, NU-B1483),
externally, having a deep sulcus with V-shaped bottom in ventral
valve, three simple, strong and angular costae on each side of
the sulcus and numerous, closely spaced growth lines over the
ventral valve, and internally, having a thin but high median
septum, extending for midlength of the valve. The type species,
Callispirina ornata (Waagen, 1883, p. 505, pl. 50, figs. 1, 2),
from the Chhidru Formation of the Salt Range, differs from the
present species in its much larger size. Callispirina austrina
Grant (1976, p. 231, pl. 63, figs. 1-37), from the Rat Buri
Limestone of Ko Muk, southern Thailand, is similar in size, but
the Thai species has more numerous, less angular costae in the
ventral valve. Callispirina? rotundella Xu and Grant (1994, p.
47, fig. 36.24-36.30), from the Changhsingian of Zhejiang and
Sichuan, eastern China is also a small-sized Callispirina species,
but the Chinese species differs from the Kitakami species in
having more numerous costae on the ventral valve.

Occurrence.— Upper part of the Toyoma Formation in Maeda
(locality MED?2).

Distribution.—Changhsingian: northeastern Japan (Maeda in
the South Kitakami Belt).

Family SPIRIFERELLINIDAE Ivanova, 1972
Genus SPIRIFERELLINA Fredericks, 1924b

Type species.— Terebratulites cristatus von Schlotheim, 1816.

Spiriferellina cristata (von Schlotheim, 1816)
(Fig. 36C-E)

Terebratulites cristatus von Schlotheim, 1816, p. 28, pl. 1, fig. 3.

Spirifer cristatus (von Schlotheim). de Koninck, 1843, p. 240,
pl. 15, fig. 5.

Spiriferina cristata (von Schlotheim). Tschernyschew, 1902, p.
115,517, pl. 37, figs. 1, 2; Ozaki, 1931, p. 172, pl. 15, fig. 14;
Malzahn, 1937, p. 40, pl. 3, figs. 26, 27.

Spiriferellina cristata (von Schlotheim). Heritsche, 1935, p.
364, pl. 2, fig. 22; Heritsche, 1938, p. 133, pl. 7, figs. 15-19;
Campbell, 1959, p. 358, pl. 59, figs. 1-9; pl. 60, fig. 3, text-
fig. 5; Schréter, 1963, p. 144, pl. 8, figs. 11-14; Alexandrov
and Einor, 1979, p. 91, pl. 38, figs. 2, 3; Lee et al., 1980, p.
422, pl. 179, figs. 3, 6-8; Kalashnikov, 1998, p. 75, pl. 30, fig.
3; pl. 32, figs. 1, 2; Wang and Yang, 1998, p. 125, pl. 22, figs.
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FIGURE 36. A, B, Callispirina sp.; A, external latex cast (A1, A2, A3) of ventral valve, NU-B1483; B, internal mould (B1, B2) of ventral valve, NU-B1485;
C-E, Spiriferellina cristata (von Schlotheim); C, external latex cast (C1, C2) of ventral valve, NU-B1611; D, external latex cast (D1, D2) and internal
mould (D3) of dorsal valve, N-B1612; E, external latex cast (E1, E2) and internal mould (E3) of dorsal valve, NU-B1613. Scale bars are 1 cm.

9, 13, 14; Fan and He, 1999, p. 146, pl. 33, figs. 11-20; Wang
and Zhang, 2003, p. 168, pl. 34, figs. 12-16; pl. 50, figs. 14,
16; Tazawa, 2012, p. 42, fig. 3.17-3.19; Tazawa and Shintani,
2022, p. 46, fig. 29C-F.

Spiriferina cristata (von Schlotheim). von Malzahn, 1937, p. 40,
pl. 3, figs. 26, 27.

Punctospirifer cristata (von Schlotheim). Dunbar, 1955, p. 149,
pl. 29, figs. 13-20.

Material.—Three specimens from locality KF108: (1)
external and internal moulds of a ventral valve, NU-B1611;
and (2) external and internal moulds of two dorsal valves, NU-
B1612, 1613.

Remarks.—These specimens were previously described by
Tazawa (2012, p. 42, fig. 3.17-3.19) as Spiriferellina cristata
(von Schlotheim, 1816) from the upper part of the Toyoma
Formation in Nabekoshiyama. The Nabekoshiyama species can
be referred to Spiriferellina cristata (von Schlotheim, 1816),
redescribed by Campbell (1959, p. 358, pl. 59, figs. 1-9; pl. 60,
fig. 3, text-fig. 5) from the Zechstein of Thuringia, Germany,
in its small, transverse shell (length 6 mm, width 12 mm in the
best-preserved dorsal valve specimen, NU-B1612) and in having
4-5 pairs of rounded costae on both ventral and dorsal valves.

The shells, described and figured by Hayasaka (1922, p. 66, pl.
9, figs. 5-9; Hayasaka, 1960, p. 53, pl. 1, fig. 10) as Spiriferina
cristata (von Schlotheim, 1816) from the middle Permian
(Wordian) of the South Kitakami Belt, northeastern Japan were
recently redescribed by Tazawa (2014, p. 19, fig. 3.5-3.7) as
Spiriferellina fredericksi Tazawa, 2014.

Occurrence.— Upper part of the Toyoma Formation in
Nabekoshiyama (locality KF108).

Distribution.—Kasimovian—Changhsingian: northeastern
Japan (Nagaiwa—Sakamotozawa in the South Kitakami Belt),
northern Russia (Timan and northern Urals), Greenland,
Germany, Austria (Carnic Alps), central Russia (southern
Urals), northwestern China (Xinjiang), northern China (Inner
Mongolia and Shanxi) and northeastern China (Heilongjiang);
and Changhsingian: northeastern Japan (Nabekoshiyama in the
South Kitakami Belt) and Hungary (Bukk Mountains).
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